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Preface

Ate Haraldsen, Head Consultant & Michael Werenberg Mikkelsen, Head Biomedical Laboratory Scientist 

Another remarkable year in the annals of the 
Department of Nuclear Medicine and PET-
Centre, Aarhus University Hospital has 
passed, and once again it has been a year 
filled with saying goodbye to old routines 
and welcoming new equipment and new 
routines.  
In 2018 our Department started a complete 
relocation at the new hospital site at Palle 
Juul-Jensens Boulevard, 8200 Aarhus N, and 
in 2019 we have been working hard to 
finalize the enormous task of relocating a 
nuclear medicine department.  

We started the relocation in the summer of 
2018 and we will be back operating at full 
capacity in the spring of 2020!  

We have learned much throughout this 
experience, and many others at the hospital 
have learned an important lesson about 
how complicated the field of nuclear 
medicine can be! 

A relocation of a workplace leads to a need 
for new ways of performing everyday tasks. 
Doing so with tight deadlines and under 
time pressure for installing and starting up 
new equipment in new facilities, is a very 

demanding task for all staff and leaders for 
any organization, but it has been a truly 
heartwarming experience to observe how 
well our Department has handled the many 
challenges of 2019.  

As Heads of Department we want to express 
our warmest gratitude for showing  willing 
towards finding solutions for small and big 
problems, the will towards cooperation and 
the truly hard work from everyone in our 
organization.  

Michael W. Mikkelsen, Ate Haraldsen, Poul 
Blaabjerg and Per Borghammer at the 
official opening reception. 
 
Photo: Lars Bennedsen 

On the 31st October we had the pleasure of 
celebrating 3 great events in the history of 
the Department of Nuclear Medicine and 
PET-Centre, as we hosted a reception 
marking the official opening of our 
Department's new facilities together with the 
inauguration of our new GE PET/MR scanner, 
donated most kindly by the A.P. Møller og 
Hustru Chastine Mc-Kinney Møllers Fond til 
almene Formaal and vernissage of the 
fantastic decoration of our main waiting 
room, donated most kindly by the New 
Carlsberg Foundation.   
It was a very enjoyable day attended by 
many good colleagues and friends of the 
Department, our close collaborators from our 
suppliers in the industry as well as professor 
Morten Kyndrup, chairman of the Board of 
Directors of the New Carlsberg Foundation 
and architect Peter Poulsen from the A.P. 
Møller og Hustru Chastine Mc-Kinney Møllers 
Fond til almene Formaal.  

A big thank you to all who attended this 
special day, which, in the spirit of Winston 
Churchill, did not mark the end of our 
relocation, but perhaps, the end of the 
beginning of the relocation. 
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Preface

Ate Haraldsen, Head Consultant & Michael Werenberg Mikkelsen, Head Biomedical Laboratory Scientist 

Throughout 2019 there have been many 
highlights related to our relocation. This 
annual report will present some of these 
highlights as well as presenting our new 
facilities.  
With new facilities and new world-class and 
state-of-the-art equipment, comes a 
responsibility of making the most and best 
out of our Department. Together with good 
colleagues at Aarhus University, we are 
about to embark on a journey of translating 
new technical possibilities into new research 
opportunities and new clinical applications.  

We are very much looking forward to 
exploring what can be done in the years to 
come. We continue to strive towards 
excellence in every aspect of our 
department's activities as we recognize our 
obligation towards excellence and the 
highest level of performance in our clinical 
work, in our research and the educational 
activities combined with the most efficient 
use of equipment and personnel. 

Once again, we warmly thank our staff and 
colleagues from collaborating departments 
for their great effort.  The collaboration with 
Aarhus University is fundamental for the 

excellent research achievements and we 
are grateful for the support from Aarhus 
University.  
Finally we thank the hospital management 
for their extensive support throughout a very 
busy year. 

Serpentry by Ferdinand Ahm Krag.  
Donated by New Carlsberg Foundation 
Photo: Tonny Foghmar 
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Staff

Afsaneh Otroosh, Biomedical Laboratory Scientist ● Allan Kjeldsen Hansen, MD, PhD ● Anders Floor Frellsen, Chemist, PhD ● André H. Dias, MD, 

Specialist Registrar , PhD Student ● Andres Muñoz-Jensen, Cleaning/Support Worker ● Anja Abildgaard Gregersen, Biomedical Laboratory Scientist 

Ann Christina Dam-Christoffersen, Biomedical Laboratory Scientist ● Anna Christina Schacht, Radiochemist ● Anne Charlotte Bekker, Biomedical 

Laboratory Scientist ● Anne Haahr Mellergaard Eriksen, MD ● Anne Kirstine Arveschoug, Senior Consultant ● Anne Marlene Landau, Associate 

professor, Assistant Professor ● Anne Sofie Møller Andersen, PA to David Brooks/Research Coordinator ● 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 ● Camilla Lind Salomonsen  

Carsten Gleesborg, PhD student ● Casper Schmidt, PhD student ● Charlotte Maria Koldsø Jensen, Biomedical Laboratory Scientist  

Christian Flø, Medical Physicist ● Christian Skyum A. Juhl, Biomedical Laboratory Scientist ● David James Brooks, Professor, MD, DMSc ● 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 

Holm Toustrup Nielsen, Radiochemist ●  Freja Frederikke Pinderup ● Gitte Bjerggaard Kall, Biomedical Laboratory Scientist ● Gitte Viola Jensen, 

Medical Secretary ● Gitte Lemmer, Medical Secretary ● Gitte Lund Nielsen, MD, Specialist Registrar ● Gitte Munkebo Kodahl, Biomedical Laboratory 

Scientist● Gitte Skou, Biomedical Laboratory Scientist ● Hanna Sofia Järnum Lilholt ● Hanne Døssing Prahl, Biomedical Laboratory Scientist ● Hanne 

Juul Nielsen, Medical Secretary ● Heidi Thomsen Kristensen, Biomedical Laboratory Scientist ● 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, 

Student worker ● Jacob Stilling Laursen, Electronics Engineer student ●Jan Jacobsen, Radiochemist ● Janni Thor, Biomedical Laboratory Scientist 

●Jeanette Würts ● Jens Kristian Graverholt, Electronics Engineer ● 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 ● Jørgen Frøkiær, Professor, Head of Department, MD, DMSc ● Kamilla Løhde Tordrup 

Svendsen ● Karen Margrethe Kristensen,  Cleaning/Support Worker ● Karin Hjorthaug, MD, Senior Consultant ● Karin Fenger Beck ● Karina Højrup 

Vase, Radiochemist, QA, PhD ● Karina Stensgaard Bjørnholdt ● Karoline Knudsen, PhD student ● Kaspar Pahira Vraa, Biomedical Laboratory Scientist 

Kathrine Stokholm, PhD Student ● Khalida Akbari, Biomedical Laboratory Scientist ● Kim Frisch, Chemist, Senior Scientist, PhD ● Kim Vang Hansen, 

Master of Engineering ● Kirsten Bouchelouche, Senior Consultant, Associate Professor, MD, DMSc ● Kirstine Petrea Bak-Fredslund, MD, PhD student 

Kristian Platz Petersen ● Kristian Stær, Research Assistant ● Kristina Lajgaard, Biomedical Laboratory Scientist ● Kristoffer Kjærgaard, Research Year 

Student  ● Kubra Tarin ● Lara Ruben Soro, Chemist  ●Lars Christian Gormsen, Associate Professor , MD, Consultant, PhD ● Lars Poulsen Tolbod, Medical 

physicist, PhD ● Lene Elsebeth Nielsen, Biomedical Laboratory Scientist
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Staff

Line Bendtsen Rasmussen, Department Biomedical Laboratory Scientist ● Line Nilsson, PhD Student ● Lisbeth Pedersen, Biomedical Laboratory 

Scientist ● Lone Korsgaard, 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 Student ● Maiken Nybo Moll Petersen, Biomedical Laboratory Scientist ● Majken Borup Thomsen, PhD Student   

Malene Wittendorf Johnsen, Biomedical Laboratory Scientist ● Margit Haislund , Radiographer● Maria Balshøj Sørensen, Biomedical Laboratory 

Scientist ● Maria Hedegaard Liedecke, Medical Secretary ● Maria Louise Flink Schwartz, 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 ● Mathias Mortensen, Biomedical Laboratory Scientist ● Mette Abildgaard Pedersen ● Mette Flarup 

Pedersen, Biomedical Laboratory Scientist ● Mette Irene Theilgaard Simonsen, Biomedical Laboratory Scientist ● Michael Alle Madsen, MD, Registrar  

Michael Werenberg Mikkelsen, Head Biomedical Laboratory Technologist ● Michael Volmer, Electronics Engineer ● Michael Winterdahl, Associate 

Professor, PhD ● Michela Dahl Simonsen, Cleaning/Support Worker ● Michele Gammeltoft, PA to Michael Werenberg Mikkelsen/Research Secretary  

Mie Ringgaard Dollerup, Biomedical Laboratory Scientist ●  Mikkel Holm Vendelboe, MD, PhD ● Morten Gersel Stokholm, MD, PhD Student ● Nana 

Louise Christensen, Biomedical Laboratory Scientist ● Nanna Østergaard Johnsen ● Natalie Nielsen, Biomedical Laboratory Scientist ● Natalie Van 

Den Berge, Postdoc ● Neda Ahmadian, MD, Registrar ● Nicola Pavese, Associate Professor, MD, PhD ● Niels Nielsen, Electronics Engineer ●  Nohadra 

Younan, Biomedical Laboratory Scientist ● Ole Lajord Munk, Medical physicist, PhD ● Otto Bennike Kær, Biomedical Laboratory Scientist  ● Ove Noer, 

Research Assistant ● 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 ● Peter Frøhlich Staanum, Medical Physicist, 

PhD ● Peter Iversen, MD, Specialist Registrar, PhD ● Peter Parbo, MD, PhD student ● Philip Jakobsen, Biomedical Laboratory Scientist ● Pia Bliesmann 

Kithler, Cleaning/Support Worker ● Pia Kjær Kristensen, Medical Secretary ● Pia Loft Raunkjær, Cleaning/Support Worker ● Rie Feldstein Nielsen, 

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, Registrar ● Simon Maretti Tornbjerg, MD, Registrar ● Steen 

Jakobsen, Radiochemist, PhD ● Steffan Bruun Jensen, Electronics Engineer ● Stine Mark Nielsen Gunni, Medical Secretary ● Stine Kramer, MD, 

Consultant ● Stine Ledet Methmann, Veterinary Nurse ● Susanne Hansen, Biomedical Laboratory Scientist ● Susanne Hvidegaard Søby,  Biomedical 

Laboratory Scientist ● Susanne Keiding, MD, Associate Professor ● 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, Registrar ● 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 ● Trond Velde Bogsrud, MD, Consultant, PhD  

 Vikie Engelbrekt Larsen, Biomedical Laboratory Scientist ● Aage Kristian Olsen Alstrup, Veterinarian
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Staff June 2019

Photo: Michael Harder



Equipment type Model Year of purchase

Gamma camera Mediso TH-45 
Mediso TH-45 
DDD Nephrocam

2005 
2015 
2016

SPECT/CT scanner GE Discovery NM/CT-670 
Siemens Symbia T-16 
Siemens Symbia T-16 
Siemens Symbia Intevo Bold

2011 
2011 
2012 
2018

PET/CT scanner GE Discovery MI Digital Ready 
Siemens Biograph Vision 
GE Discovery MI 
Siemens Biograph Vision 
Siemens Biograph Vision

2017 
2018 
2018 
2019 
2019

PET brain scanner Siemens HRRT 2005

PET/MRI scanner GE Signa 2018

Cyclotron GE PETtrace 
IBA Cyclone 18/18 
GE PETtrace 880+

1993/2010 
2009 
2018

Pre-clinical equipment Model Year of purchase

Autoradiographer 

MicroPET/MRI

FujiFilm BAS-5000 
BeaQuant from AI4R 
Mediso Nanoscan

2002 
2018 
2014
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Highlights 2019 

January 
Head Biomedical Laboratory 
Technologist Michael Werenberg 
Mikkelsen defends his Master of 
Public Management 
thesis entitled “Economical 
incentives and leader behavior”

February 
Arrival of the new bedside 15O-water production and delivery system from 
MedTrace Pharma A/S. 
After testing the system will replace Rubidium-82 for heart examinations.

March 
The unit at Nørrebrogade 44 was closed after 
one last scan performed on a pig on 21th march. 
The experiment went well.

March 
The HRRT PET brain scanner was moved from 
Nørrebrogade to Palle Juul-Jensens Boulevard at 
the end of march.
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Photo: Søren Baarsgaard Hansen 

Highlights 2019

April 
On 1st April the new production facilities were re-inspected by the Danish 
Medicines Agency in order to obtain production licences. 
The inspection was a succes and we were able to continue the process of 
moving the rest of laboratory equipment to the new facilities. 
Ga-68 productions started in February. By mid April F18-FDG was produced in 
the new lab. 99-Tc based productions started at the new facility in May, and 
two cyclotrons were moved in the beginning of May.

Photo: Tonny Foghmar

May 
The pre-clinical facilities were inspected 
by a number of authorities.  
On 16th May the final approvement was 
optained  and we were able to start 
using our new improved pre-clinical 
laboratories. 
Photo: Aage Kristian Olsen Alstrup

June 
The first day of  scanning a pig on one of the new 
scanners, and at the same time the bedside 15O-
water production and delivery system was tested 
as well as workflow in new facilities.
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Highlights 2019 

August-September 
Four Medical Laboratory Technologists 
from Viborg Regional Hospital were 
instructed by staff in Unit 4 to the 
workflows of PET/CT scanning.

September 
Our GE PETtrace Cyclotron was up 
and running after renovation and 
upgrade. 
Photo: Niels Kristian Nielsen

October  
Another “first” when the PET/MRI 
team scanned three healthy 
volunteers in the PET/MRI scanner 
on 1st October. 
Two Medical Physicists, a 
radiographer and a Medical 
Laboratory Technologist made 
sure that everything went as 
planned.

October  
The official opening of the department at 
Palle Juul-Jensens Boulevard and 
vernissage of paintings by Lars Nørgård. 

Lars Nørgård in front of “Revolving Spex”. 
Donated by New Carlsberg Foundation 

Photo: Lars Bennedsen



 

     11

Highlights 2019 

November 
Staff getting ready to scan the first pig in the PET/MRI on 
the  20th November. 
More information on page 13.

November 
The Department of Nuclear Medicin and PET-
centre hosted the National PET/CT Meeting 
with participants from 14 other PET/CT sites in 
Denmark. A guided tour of the department 
was followed by presentations.

December 
On the 1st July Ate Haraldsen 
assumed the position as 
Head Consultant at the 
department. 

This was celebrated at a 
reception hosted by the 
Hospital Management on 
17th December.

December 
Medical doctor and PhD 
Nicola Pavese was  
appointed professor at 
Aarhus University and Aarhus 
University Hospital.
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Launch of PET/MRI

Søren B. Hansen, Medical Physicist, PhD, Louise F. Grønnemark, Biomedical Laboratory Scientist & Margit Haislund, Radiographer 

The combined PET and MRI scanner 
represents the latest advancement in hybrid 
imaging and has been commercially 
available for almost a decade. Even though 
the exact clinical role and benefit of the 
PET/MRI scanner is still uncertain, the device 
seems to be a very powerful platform for the 
development of new imaging approaches 
to fundamental and clinical research. 
This is in part due to the numerous 
possibilities for the imaging of soft 
tissue contrast offered by MRI which 
highly complements the ability of PET 
to image specific physiological 
processes with high sensitivity. 
  
The initial work for providing the 
funds for the acquisition of a PET/MRI 
scanner began well before the move 
into new premises at the unified 
Aarhus University Hospital in Skejby. 
During the summer of 2018 
substantial support was granted from 
the A. P. Møller Foundation (A. P. 
Møller og Hustru Chastine Mc-Kinney 
Møllers Fond til almene Formaal), and 
subsequently an agreement was 
made with GE Healthcare regarding 
the delivery of a GE Signa PET/MRI 

scanner and various accessories, including a 
Hidex water generator for bedside 
production of [15O]water and a Swisstrace 
monitor for online measurement of PET 
tracers in the blood stream. 
The rather complex planning of room layout 
and technical installations was performed 
during the Autumn of 2018, taking into 

account a variety of new challenges and 
limitations imposed by MRI, that are not fully 
compatible with the established working 
procedures of the other PET scanners. The 
actual installation of the system took place 
during the first half of 2019, and was 
completed with application training and 
protocol setup commencing in early 

October. As part of the 
application training, the very 
first two patients were PET/MRI 
scanned on 9th October using 
the PET tracer [11C]methionine. 

From 23th October the 
department initiated the 
process of collecting reference 
material for [18F]PE2I. A total of 
35 healthy volunteers were 
scanned first on the Siemens 
PET/CT and afterwards on the 
PET/MRI, allowing a direct 
comparison of PET image 
quality between the two 
scanners.  
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Launch of PET/MRI

Søren B. Hansen, Medical Physicist, PhD, Louise F. Grønnemark, Biomedical Laboratory Scientist & Margit Haislund, Radiographer

On 20th November the first pig was scanned 
on the PET/MRI with the primary aim to test 
the new accessories and practice more 
advanced scans of heart and vessels. 
Furthermore, there was a need to practice 
routines, including procedures for bringing 
many persons, a pig and various equipment 
into a room with restrictions on the presence 
of metal objects. 

The PET/MRI scanner has a magnetic field 
strength of 3 Tesla, which is quite powerful. 
Therefore, safety precautions have to be in 
effect to prevent MRI accidents. In general 
all ferromagnetic metal components and 
electronic devices are prohibited in the 
scanner room, including components inside 
the human body of patients and staff. Every 
person (patient, staff, volunteer etc.) must be 
screened before entry. The doors to the 
scanner room and operator room are locked 
at all times and access is only possible using 
an authorised staff ID-card. If an emergency 
situation, such as cardiac arrest or an MRI-
related accident should occur, it is crucial 
that all staff members are educated in MRI 
safety precautions. To ensure this, all staff 
members at the department have 
participated in a practical one-hour MRI 

safety course with the PET/MRI scanner, to 
become ”MRI certified”. 

During the MRI application, in collaboration 
with the GE application specialist, there was 
a need to scan numerous volunteers. Many 
of our colleagues volunteered, and we 
would like to thank them for their help and 
patience. 
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The new Department
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The story of a new Department at a new Hospital 

Ate Haraldsen, Head of Department & Michael Werenberg Mikkelsen, Head Biomedical Laboratory Scientist 

During the post-WW2 era and along with the 
development of the modern welfare state in 
Denmark, three strong, but independent 
hospitals emerged in the urban area of 
Aarhus. In the last part of the 1990s a 
masterplan for the fusion and physical 
merger of the three hospitals was made, and 
with the adoption of legislation for a re-
structure of the tertiary hospitals in Denmark 
in 2007 the funding was in place for the 
largest hospital construction in Danish 
history. A hospital covering 470.000 m2, with 
1000 beds and a staff of 10.000! 

The general planning of the new joint 
University Hospital in Aarhus started in 2008 
and in 2014 the Department of Nuclear 
Medicine & PET-Centre started the planning 
of the Department's new facilities at the new 
university hospital site with a planned 
relocation in 2018. 

The planning of our new Department had to 
be made according to the general planning 
of the hospital, so some limitations were in 
place upfront, and other limitations emerged 
during the planning. Great efforts were spent  
in buying equipment and apparatus that 
supported the needs of our specialties  for 

cooperation and optimal radiation 
protection.  
Along with the planning of the interior 
design, an investment plan was made in 
order to equip our new facilities with state of 
the art scanners and other necessary 
technology.  

Photo: Tonny Foghmar 

In total we have purchased 4 new PET/CT 
scanners, 1 SPECT/CT, 1 PET/MRI, 1 
cyclotron along with 8 hot cells and a great 
deal of smaller equipment for our new 
facilities as part of the relocation.  
Planning and execution of the relocation has 
been a massive and predominant task for 
the Department during the last 6 years and 

continues to draw on resources from our 
staff, but in many ways 2019 has been a 
defining year with the process of relocating 
the Department and we are now settling in. 
We experiense that the general ideas of 
organizing the department with respect to 
best possible cooperation and interaction 
are being utilized in exciting ways. The size 
of the Department however leads to new 
challenges for our close cooperation, and 
we are still learning how to meet informally 
with good colleagues. Often the best ideas 
arise from an informal meeting at the coffee 
machine!  

The Department is divided into 4 units:  
• Tracer production 
• Preclinical research 
• Conventional nuclear medicine and 

isotope therapy  
• PET/CT, HRRT and PET/MRI  

Each unit has its own physical part of the 
department combined with common areas 
such as lunch room and meeting rooms. 
Each unit has its own management which 
together with the Heads of Department 
makeup the Department's leadership team.
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Tracer production, Unit 1 

Dirk Bender, Chief-chemist, PhD

Figure 1: Portfolio of radiotracers produced 
for human use, both under marketing 
authorization and within compassionate 
delivery permits (GMP tracers) in 2019 
including number of doses. 

Early in 2019 the radiochemistry unit at the 
Department of Nuclear Medicine & PET-
Centre, Aarhus University Hospital finally 

moved into the new production facilities at 
Palle Juul-Jensens Boulevard 165. The move 
was somewhat hampered due to delays in 
laboratory completion and there were 
consecutive delays in obtaining production 
licences from the Danish Medicines Agency.  

In preparation for production start in April 
2019, it was necessary to reduce production 

for some months not only before the actual 
production start date of 15th April 2019, but 
also for some months afterwards.   

This first stage of the move was finished by 
summer 2019. The second stage with the 
physical move of 2 cyclotrons and heavy 
production equipment was started before 
summer 2019.  
To minimize the risk of especially fungal 
contaminations, it was necessary to change 
the original plans for relocation of the heavy 
production   equipment.  An installation via 
the façade of the building was established, 
which resulted in further delays.  The move 
was finished just before Christmas and 
approval of the new labs started. The 
second cyclotron was in operation by 
autumn 2019 and the third cyclotron is 
expected to be in operation by mid-March 
2020. 

Despite the reduced production in the first 
half of 2019 and the reduced cyclotron and 
laboratory capacity throughout 2019, the 
same numbers of productions and tracers 
were reached in 2019 as in 2018.  
This is very remarkable and reflects the high 
degree of training and dedication of the  
radiochemistry staff.  
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Tracer production, Unit 1 

Dirk Bender, Chief-chemist, PhD

In terms of tracer productions, PET tracers 
were supplied again every working day, 
meaning no down-time was observed. NUK-
PET’s 9 radiochemists, 7 radiochemistry 
technologists and 4 other technologists, 
taking care of the FDG morning production, 
performed almost 1400 PET tracer 
productions, dedicated for use with patients 
and healthy control subjects. This is only 100 
productions less compared to 2018. The 
radiotracer portfolio of tracers produced 
within delivery permits or marketing 
authorization increased to 46 compounds in 
2019. From this radiotracer portfolio 24 
different tracers were used in 2019.  

In terms of doses, FDG was the dominant PET 
tracer in 2018 with 11716 doses (66.2%).  
Besides the generator-based Rb-82 (2870 
doses, 16.2%), all other tracer productions 
varied from a few produced doses to several 
hundred.   

For the Ga-68 labelled tracers the demand 
for Ga-68 PSMA was still somewhat 
increasing in 2019. It is planned that Ga-68 
PSMA will be substituted with an F-18 PSMA 
variant in 2020. The delivery permit 
application was submitted in autumn 2019 
and is still pending. F-18 PSMA may be 

produced in much larger quantities and 
hereby cover the unmet demand for scans 
using PSMA. 

In 2019 three new tracers were introduced 
into the tracer repertoire for human use: 
The dopamine transporter ligand F-18 PE2I, 
C-11 UCB-J for imaging the Synaptic Vesicle 
Glycoprotein 2A in the brain and F-18 FEOBV 
for the acetyl choline transporter. 
F-18 PE2I PET imaging is intended to replace 
the costly SPECT scanning procedure by 
applying the commercial available 
DaTscan™ and to help compensate for 
budget reductions.  In 2019 normal healthy 

controls were scanned and routine use will 
commence early January 2020. 

Figure 2: GMP productions: Distribution per 
radioisotope for 2018 and 2019 
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Tracer production, Unit 1 

Dirk Bender, Chief-chemist, PhD

Figure 3: Doses delivered and number of 
deliveries for out-of-house users for 2015 and 
2016 

In 2019 the department continued to supply 
radiotracers out-of-house to up to 8 different 
user sites. The total number of radiotracer 
deliveries was 961. As the 1141 out-of house 
deliveries in 2018 included deliveries to the 
NUK-PET facilities at Palle Juul-Jensens 
Boulevard 165, the number of deliveries to 
third part users is hereby unchanged in 2019. 
The main out-of-house users sites in 2018 
were Aalborg University Hospital, Department 
for Nuclear Medicine,  Aarhus University 
Hospital at Skejby, Department of Oncology,  
Aarhus University Hospital at Skejby and the 
Regional Hospital in Herning with more than 
200 deliveries each per year. In 2019 the 
total number of delivered doses was 7361 
and hereby ca. 10% higher than 2018.     

Production of Lu-177 and Y-90 DOTATOC for 
the treatment of patients with certain NET 
tumours was reduced in 2019. Reduction was 
caused in part due to the moving activities 
and in part due the enforcement by the 
Danish Medicines Agency to use Lutathera. In 
2020 a larger clinical trial using Lu-177 
DOTATOC  produced in-house will start and 
therefore an increased production of Lu-177 
DOTATOC is expected for 2020.  
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Tracer production, Unit 1 

Dirk Bender, Chief-chemist, PhD  

In terms of research activities the 
department´s radiochemistry section 
continues its program for the development 
of new labelling techniques and tracer 
development.  
Research activities were reduced in 2019 
due to the move to the new facility. These 
research activities are performed via 
departmental internal collaborations, AUH 
internal collaborations, joint projects with 
Aarhus University departments and other 
universities both in Denmark and Europe, as 
well as partners in the EU FP 7 initiative for 
targeting tracers for alpha synuclein 
aggregates. Besides scientific 
collaborations, collaborations with industry 
(currently Novo Nordisk, Lundbeck, Ferring 
and Ipsen/Octreopharm) continued as well 
in 2019. Increased research activity for 2020   
is expected. 

In line with teaching obligations, the PhD 
course, “Introduction to GMP”, introduced in 
2016, was held again in 2019. The course 
repeated the success of the previous year 
and will be available again in September 
2020.  Photo: Tonny Foghmar
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Pre-clinical research, Unit 2 

Mikkel Holm Vendelbo, Associate Professor, MD, PhD & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

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 can 
also be used as diagnostic tools in future 
clinical work.  
Therefore, a preclinical facility has been 
established to examine tracer uptake in 
everything from cell cultures to larger 
animals as an essential part of the new 
department at Aarhus University Hospital. 

Cells 

Cell cultures are widely used in many areas 
of research.  
Currently, we are establishing improved 
facilities to measure radiotracer uptake in 
cells in order to characterize physiological 
mechanisms and pharmacokinetics in 
specific cells.  
A dedicated machine for real time detection 
of radioactivity in cells have been installed. 
This set up will further be improved to run 
with different oxygen concentrations. The 
technique can be used to determine 
radiotracer association and dissociation 
curves as visualized in figure 1.  

When possible, such in vitro studies are 
performed before in vivo experimentation 
on live animals. 

Figure 1: 11C-Donepezil in gastrointestinal 
cells. The curves visualize background 
activity followed by radiotracer uptake and 
excretion. Ongoing project by Katrine Bilde 
and Agnete Larsen. 
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Pre-clinical research, Unit 2 

Mikkel Holm Vendelbo, Associate Professor, MD, PhD & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

Small animal facility 

We have established a small animal 
stable, also known as the PET 
housing facility, used for housing  
both mice and rats. The animals are 
housed in individually ventilated 
cages (IVC), which should ensure a 
more uniform environment for all 
animals. The PET housing facility is 
located close to the preclinical 
laboratories, so that the animals are 
stressed as little as possible during 
transport.  
In addition, the upcoming FORUM 
building with a central animal stable 
will be built very close to our current 
laboratories and will be used for 
long-term housing of laboratory 
animals.  

Aage Kristian Alstrup Olsen in the PET 
housing facility used for small animals. 

Photo: Tonny Foghmar 
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Pre-clinical research, Unit 2 

Mikkel Holm Vendelbo, Associate Professor, MD, PhD & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

MicroPET and Autoradiography 

The Mediso MicroPET/MRI scanner has been 
moved from the old PET-Centre to our new 
preclinical facilities and is now up and 
running at the same speed as before. 
Ongoing projects have  a magnitude of 
different interest areas from both the 
Department of Clinical Medicine and the 
Department of Biomedicine at Aarhus 
University and several collaborations with 
international research institutes around the 
world. 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 has the potential to 
substantially increase our knowledge of in 
vivo processes. 

Both radiotracer bio-distribution by use of 
dynamic imaging and long-term 
development of pathophysiology can be 
quantified and significantly improve study 
quality. As an example, identification and 
quantification of orthotopic cancers in 
rodents are essential for projects testing new 

experimental treatments and as shown in 
figure 2. in vivo scans are the only way to 
visualize tumors eligible for treatment. 

Figure 2: 18F-FET PET/MRI image of a 
mouse with a tumor in the right side of 
the brain. The metabolic active part of 
the tumor is visualized by uptake of the 
amino acid radiotracer 18F-FET,arrow. 
Ongoing project by Justin Vareecal 
Joseph and Martin Kristian Thomsen.
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Pre-clinical research, Unit 2 

Mikkel Holm Vendelbo, Associate Professor, MD, PhD & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

Resolution of the in vivo scans can be  
significantly improved ex vivo by  
examination of thin tissue slices with 
 autoradiography and at our new facility  
there is access to two different  
autoradiography appliances. Another  
advantage of using autoradiography is the 
possibility of using different isotopes and not 
only positron emitters as in the scanner. 
Using a dual isotope technique enable 
measurements of different radiotracers 
simultaneously in specific tissues as 
visualized in figure 3.  

Figure 3: Dual radiotracer autoradiography 
with both 18F-FDG and 14C-Acetate and 
histology of lung cancer in a CRISPR/CAS9 
genetic modified mouse. Ongoing project 
by Morten Busk, Martin Kristian Thomsen and 
Mikkel Holm Vendelbo.
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Pre-clinical research, Unit 2 

Mikkel Holm Vendelbo, Associate Professor, MD, PhD & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

Pig experiments 

Our department has a long tradition and a 
great deal of experience in scanning pigs. 
We are able to PET, MR and CT scan pigs, as 
we have access to  PET/CT, PET/MRI and 
HRRT scanners for animal experimentation. 
We use both domestic pigs and Göttingen 
minipigs in our research. Domestic pigs are 
mostly used for non-recovery studies. For 
long-term experiments, we use Göttingen 
minipigs, as, fully grown, they weigh around 
35-45 kg and are therefore easier to handle. 
Pig scans are always performed under full 
anaesthesia, which is necessary, as pigs can 
hardly be trained to lie still for several hours. 
Furthermore, the pigs are closely monitored 
during anaesthesia to ensure useful research 
data and good animal welfare. We use 
domestic pigs for the development and 
testing of new tracers, and such pig studies 
are a 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 currently 
testing brain implantation of dopaminergic 
stem cells as a new treatment. In another 

study, we investigate a new surgical method 
for liver surgery. Through a partial squeezing 
of the liver's blood vessels, we try to force the 
liver into cell division so that it achieves 
greater functional capacity. Here, the liver 
function can be monitored by PET scanning 
before and one week after surgery. 

Improving 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. 

Housing Facility 
for pigs. 
Photo:  
Tonny Foghmar 
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Pre-clinical research, Unit 2 

Photo: Tonny Foghmar
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Conventional Nuclear Medicine & Isotope Therapy, Unit 3 

Kaspar Pahira Vraa, Biomedical Laboratory Scientist

The 19 medical lab technicians in unit 3 
handle a wide variety of nuclear medicine 
procedures, take part in research, distal 
blood pressure measurement, work closely 
with other hospital departments with their 
patients and take part in the training of 
medical lab technicians, radiographers and 
doctors. 

In order to maintain the possibility to carry 
out acute procedures and therapeutic 
treatments continuously, unit 3 had to 
undergo a longer moving period where the 
scanners were moved either individually or 
in pairs over a period of 4 months. 

A new SPECT/CT scanner (Siemens) was 
ready and waiting for us when we moved 
into the new premises. This was later 
supplemented with 3 SPECT/CT scanners 
(Siemens and GE), 2 Single-Head gamma 
cameras (Mediso), a renography camera 
(NephroCam) and Perimed blood pressure 
measurement equipment which had been 
moved from our former location. 

The medical lab technicians from unit 3 
were previously separated at 2 different 
addresses, therefore the move to one 
location has meant new acquaintances - 
not just with colleagues but also in regard to 

patients. The first part of the moving period 
has meant a certain amount of learning 
about equipment and procedures regarding 
the department and patients.   

Photo: Cecilie Guldberg 
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Conventional Nuclear Medicine & Isotope Therapy, Unit 3 

Kaspar Pahira Vraa, Biomedical Laboratory Scientist

The daily work routine is almost back to 
normal and every medical lab technician 
alternates between 4 to 5 different tasks 
over a period of 3 weeks. One task can be to 
keep a camera running as effectively and 
efficiently as possible or being responsible 
for injecting patients or measuring distal 
blood pressure or treadmill testing. 

In addition, unit 3 has several smaller teams 
who also carry out vital functions in 
the department: 

The Children's Team; help to 
achieve the highest possible quality 
of exams by creating a positive 
experience for children and parents 
when the children undergo 
procedures at the department of 
Nuclear Medicine and PET. More 
information om page 36. 

The Pharmacy Team; the daily work 
involves preparing nuclear 
medicine tracers. 

The Therapy Team; help doctors 
during our routine therapies or 
independently perform radioiodine 
treatment. 

In addition, there is participation in 

different projects with either a research or 
clinical background requiring a high degree 
of collaboration between the different 
professions in the department.  

Cooperation, flexibility, collegiality and unity 
throughout the whole group of medical lab 
technicians are all important to us as a 
department. Therefore, there are daily staff 
exchanges between the medical lab 

technicians from units 3 and 4 and staff from 
these sections also take part in the 
preparation of tracers in unit 1. 

The future is already here! We now have the 
basic framework which ensures that we can 
create and maintain a successful 
collaboration between the different groups 
in the department in order to maintain high 
quality, raise professionalism and increase 

the span in what we, 
as a department, can 
achieve. 

Photo:  
Malene Johnsen 
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Conventional Nuclear Medicine & Isotope Therapy, Unit 3 

Tanja Würtz Rasmussen, Department Biomedical Laboratory Scientist

Control room and scanner room  

Moving to the new location where the 
department, to a great extent, has helped to 
design and shape how the rooms are to be 
used, has meant great changes and 
improvements in the way we can work 
together. 

The design process for the new department 
started in 2013. The external framework was 
in place and the possibilities and limitations 
that the buildings presented inside came to 
light. With these boundaries in mind, a large 
interdisciplinary working group was set up to 
find a wide range of ideas on how to 
organise and equip the interior. It quickly 
became clear, that there was a need to 
focus on developing expertise and 
interdisciplinary networks and that the 
department should be brought together as 
one unit. 

We had foreseen that our range of 
equipment and apparatus would be 
expanded and had therefore planned more 
preparation areas than in our former 
premises, but no-one could have predicted, 
that by 2018, that we would already have 
exceptionally fast PET scanners installed.  

This means that today, some of the waiting 
areas cannot keep pace. 

In the planning phase, the idea was that 
different scanning modalities should be 
mixed together so that e.g. a SPECT scanner 
and a PET scanner would share the same 
control room. Shortly before we moved, we 
considered all the scanner quotations and it 
was clear that it would not be a correct use 
of scanner capacity, and this is why we have 
a hub of 4 PET scanners with 1 control room 
and ”only” 1 control room shared between 
SPECT and PET. 

Where we previously have had scanner 
rooms that were equipped in older and out-
of-date buildings, we now have the 
opportunity to have spacious and light-filled 
scanner rooms for the benefit of the patients 
and personnel. The airy rooms help to ensure 
a calmness when the patient is scanned and 
is especially beneficial for patients with 
claustrophobia or children. Additionally  
there is more room around the scanners 
which allows patients to be transferred in a 
more ergonomically correct way. 

The scanner rooms are designed so that they 
are future-proofed. This means that it will be 
possible to install other types of scanners in 

the rooms when any equipment needs 
updating. 

In some scanner rooms, there is also direct 
access to the pharmacy/chemistry unit so 
that short-lived isotopes/gasses can be 
moved from production to the scanner room. 

The control rooms have in fact, undergone 
the greatest change during the move. 
Previously, there have been 1 or 2 scanners 
to each control room but now there are 3 or 
4. It takes self-discipline to keep the noise 
level down but at the same time, it allows for 
a great deal of interaction during the 
working day and staff are more easily able 
to share each other's expertise and know-
how. 

The joint control room is also one of the 
places where we can meet cross-
departmentally as one of the PET scanners 
shares a control room with 2 SPECT scanners. 
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PET/CT , PET/MRI & HRRT, Unit 4 

Line Bendtsen Rasmussen, Department Biomedical Laboratory Scientist

At last, after many years of planning, we 
could finally gather unit 4 in our new 
department at Aarhus University Hospital, 
Palle Juul-Jensens Boulevard. 
24 medical laboratory technicians had 
eagerly been looking forward to moving 
into the new facilities and to start using the 
new equipment and scanners. 
   
We scanned the last patient at the old 
location at Nørrebrogade on 21st March 
2019 and by 25th March every employee 
from unit 4 had been gathered together in 
our new facilities at Palle Juul-Jensens 
Boulevard. 
  
However things had already been well 
under way before March, as 2 completely 
new scanners had been installed:  a 
Siemens Vision and a GE MI5 as well our 
GE MIDR were moved from the old location 
in Skejby. Our HRRT scanner was moved 
from Nørrebrogade and a PET/MR scanner 
was installed in December 2018. 

In unit 4 we have been lucky to have 4 new 
PET/CT scanners and a PET/MR scanner 
installed.  Furthermore we now have new 
equipment for our smaller laboratory. 

Having so much new equipment 
and implementing it in the new 
facilities has been a mammoth task. 
We are still in full swing in spite of 
the fact that we have been here in 
our new facilities for a year. 
It´s as if all personnel have just 
started a new job at a new place of 
work. Even though the work we carry 
out is the same, it's very different 
working with new equipment, new 
colleagues in new facilities.  It has 
taken a long time to get to know the 
new facilities,  equipment and the 
new work routines.  But we have got 
off on a good start and it has been 
an exciting learning process.  And of 
course, it's wonderful working in our 
new and bright localities 

Photo: Vikie Engelbrekt Larsen 
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PET/CT , PET/MRI & HRRT, Unit 4 

Line Bendtsen Rasmussen, Department Biomedical Laboratory Scientist

We have a large control room connected to 
our 4 PET/CT scanners which is our 
centralised command centre taking care of 
the day-to-day activities.  With a joint control 
room our colleagues are close at hand to 
help and to spar  with throughout the day.  

It is so important, that we don´t have to 
spend time searching for a colleague.   
A joint control room was on our list already 
from the start of the planning phase.   
We also have a joint control room for our 
HRRT and PET/MR scanner. 

Photo: Tonny Foghmar
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PET/CT , PET/MRI & HRRT, Unit 4 

Photo: Tonny Foghmar
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PET/CT , PET/MRI & HRRT, Unit 4 

New equipment means 
new scanning 
procedures.   We have 
spent and continue to 
spend a lot of time in 
developing and adjusting 
our clinical protocols so 
that we can give the best 
service to our patients.  A 
great deal of time is also 
spent on training.   

As well as the clinical 
procedures there is also a 
high level of research 
activity in  unit 4.  With our 
new lab in place, 
research has really started 
up again.  Our new 
scanners provide many 
opportunities for research 
and we are already well 
on the way with research 
projects on the PET/CT 
and PET/MR scanners.   

Photo: Tonny Foghmar 

Line Bendtsen Rasmussen, Department Biomedical Laboratory Scientist
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The Medical Secretary Unit & Reception area 

Tanja Würtz Rasmussen, Department Biomedical Laboratory Scientist

Photo: Tonny Foghmar 

Say goodbye to 3 small medical secretary 
units and hello to 1 large and effective and 
unified group! 

The medical secretary unit is staffed by 10 
medical secretaries and 1 medical secretary 
trainee. The group was divided over 3 
different locations, each with their own 
procedures and this presented certain 

challenges in ensuring a sufficient stability 
regarding the different types of tasks the 
groups carried out. 

Gathered at one location provides a greater 
opportunity to use each other's resources, 
knowledge and competencies, and the 
group has gained an insight into how diverse 
the tasks in the department are.  

There are still special areas in the group, 
particularly with booking appointments and 
treatments, where the department's range of 

procedures highlight the great variation in 
terms of both complexity and frequency of 
the individual booking. Skillful planning on 
the part of the group is paramount for a 
clinical working day that is efficient, well-
organised and good to work with for the 
other groups in the department. 

There are substantial joint tasks such as 
writing medical reports and records, 
preparing for the many multidisciplinary 
conferences that the department takes part 
in, as well as - of course - greeting and 
assuring patients.  

As a department, Nuclear Medicine and PET 
is dependent on the medical secretary 
group's well-functioning contact with 
colleagues from many other departments at  
Aarhus University Hospital and from the other 
nuclear medicine departments in Denmark 
as well as other collaborators at home and 
abroad. 

When clinicians, GPs, specialists and 
researchers who request appointment times 
for procedures and treatments, encounter a 
well-organised medical secretary group, 
then the foundation for a good working 
collaboration is laid. 
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The Medical Secretary Unit & Reception area 

Photo: Tonny Foghmar
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The Children´s Team 

Brita Kragh Fælled, Helle Søgaard, Lone Winkler Møller, Malene Wittendorf & Marlene Behrend Øllegaard. Biomedical Laboratory Scientists 

With the merging of the department, it was 
decided to increase the focus on children 
and children's medical procedures.  As a 
result, a Children´s Team was established 
made up of 2 medical doctors and 5 
Biomedical Laboratory Scientists.  
Biomedical Laboratory Scientists from unit 3 
and unit 4 all have several years experience 
in this area and possessing a flair and wish 
to work with children.  

The aims of the Children's Team is to 
create a safe and secure environment for 
children and parents and to ensure that all 
procedures are carried out on a high 
technological level producing high quality 
results. 

This is ensured by using the same 
personnel who are responsible for the 
preparation and development of the 
children's procedures.  This gives the 
medical laboratory technicians experience 
and skills to help children of different ages 
and with different medical histories. 

The team is also available for colleagues 
who need supervision in connection with 
procedures involving children and there is 
therefore always minimum 1 member of  the 
team at work every day. 

The team is reliant on a close and a well-
functioning collaboration with the nurses 
from the Children's & Adolescent 
department.  A dedicated phone for contact 
between the two departments has been set 
up, and it is always possible to get in contact 
with a member of the children’s team. 

Photo: Tonny Foghmar 

The Children's Team are very aware of the 
importance of establishing a good 
relationship with the parents as this creates 
an important base which will produce the 
best results from the procedure. 

Exchanging experiences, as well as a good 
dialogue between the nurses from the 

Children's & Adolescent department 
and the Children's Team is important 
for collaboration. Therefore, the team 
takes part in the meetings at the 
Children's & Adolescent department 
where we give talks and exchange 
knowledge about preparation before 
procedures and about the different 
procedures themselves. 

In order to strengthen the quality of the 
procedures which are carried out in 
close collaboration with the Children's 
& Adolescent department, we have 
established a joint document for 
guidelines for both departments in the 

Electronic Document system.  This ensures 
that medical laboratory technicians and 
nurses always follow the same guidelines. 
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The Children´s Team 

Brita Kragh Fælled, Helle Søgaard, Lone Winkler Møller, Malene Wittendorf & Marlene Behrend Øllegaard. Biomedical Laboratory Scientists 

At the Department of Nuclear Medicine & 
PET we have a number of rooms just for 
children.  These are used for the actual 
procedures and for preparation before the 
procedures prior to the scan. There is also a 
child-friendly waiting area with books, chairs 
and toys etc. 
The Children's Team regularly applies for 
grants which provide toys for the children 
after their scans.  We have a choice of 
teddies and toys for children between the 
ages of 0 – 14.  The department has also 
bought 2 ipads which can be used during 
procedures to distract the children and they 
can watch a film or television during most 
procedures. 

The work of the Children's Team in the 
Nuclear Medicine section involves getting  
children ready for as well as performing  the 
scan.  When there is time from when the 
injection of the tracer is given until the scan 
is carried out, we go to the ward where the 
children are and inject the radioactive tracer.  
When this happens on the ward where the 
child has been admitted, it gives us the 
opportunity to meet the child where he/she 
is in a safe and secure environment before 
they are scanned. 

In the PET section, the team is involved in the 
entire procedure.  Involvement starts already 
when the doctor has referred a child for a 
PET/CT scan.  The Children's Team is the 
main link during the whole process of 
patient care from the appointment through 
to the PET/CT scan. 

Photo: Tonny Foghmar
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The Children´s Team 

Brita Kragh Fælled, Helle Søgaard, Lone Winkler Møller, Malene Wittendorf & Marlene Behrend Øllegaard. Biomedical Laboratory Scientists 

When planning an appointment, we are in 
contact with the coordinating nurse at the 
Children's & Adolescent department, where 
we optimize the patient care process by 
taking into account the child's age, medical 
history and any possible problems, 
anesthesia etc. 
Prior to moving to the new location, children 
with cancer who were scheduled for a PET/
CT scan were always injected on the 
children's ward.  This procedure is changed  
and the children always get the injection at 
our department. This is mainly due to 
radiation safety but also to create a calm 
environment for the child and parents. 
This creates good communication with the 
child and the parents and we can then win 
the child's confidence, and at the same time 
explain the procedure to the child and 
parents. In this way, all parties are prepared 
for the procedure and are comfortable with 
the situation.   
We regard the considerable preparation 
work carried out by the Children's Team as 
the alpha and omega for good patient care.  
We feel that the children leave our 
department with the feeling that it has been 
a positive experience 

Occasionally, a child needs to be 
anesthetised for the scan.  We have a good 
collaboration with the personnel from the 
anesthesia department which is important 
for the timing of the scan.  We are focused 
however on minimizing the use of 
anesthesia.  This is an individual assessment 
for each child when anesthesia is necessary.  
For children in the age group 6 months to 3 
years, there will always be an assessment as 
to whether the child could be sedated 
instead. 

In the coming year, the Children's Team will 
focus on training and exchanging 
knowledge with the nurses from the 
Children's & Adolescent department.  A 
teaching session has been organized where 
the aim is to give the nurses a basic 
knowledge of the procedures their patients 
undergo in our department.  This will help to 
promote good patient care for the children 
and the parents.   

We continue to work with the possibility of 
reducing the use of anesthesia with children 
of up to 3 years of age with PET/CT scans. 

The Children's Team plan to attend the 
national conference "Procedure pain and 

sedation in paediatrics" arranged by the 
Rigshospital. 

In addition, we hope to be represented with 
several contributions in the form of posters at 
the World Congress for medical laboratory 
technicians in Copenhagen in 2021. 

 
Children’s team 

Biomedical Laboratory Scientists  
Brita Kragh Fælled 
Helle Søgaard 
Lone Winkler Møller 
Malene Wittendorf 
Marlene Behrend Øllegaard 

Medical Doctors 
Joel Fredrik Astrup Aanerud 
Michael Alle Madsen 
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Quality improvement and Patient safety team

Annette Dysterdich, Biomedical Laboratory Scientist & Vikie Engelbrekt Larsen, Biomedical Laboratory Scientist

Maintaining high quality and keeping an 
eye on possible improvements as well as 
focusing on good patient safety always 
demands constant attention and good 
organisation. This was even more relevant 
under the merger and the move to new 
premises and is the reason why patient 
safety key personnel were greatly involved 
in the move from the beginning. 

NUK-PET has a multidisciplinary team which 
handles patient safety issues from which 
improvement measures are intitiated. In 
connection with the move to a new location, 
the patient safety team has introduced 
changes to procedures. Reported cases are 
immediately given to the relevant groups so 
learning starts straight away. This also 
creates the opportunity for a different kind of 
input from a larger group who know about 
the problem which is being discussed.  An 
obvious opportunity as we would be working 
together under the same roof. The make-up 
of the team has also been changed slightly 
along the way in order to ensure the 
broadest possible input and the maximum 
learning.  
Two members of the patient safety team 
were to coordinate patient safety into every 

aspect of the new workflows under the same 
roof. 

Patient safety team 
Annette Dysterdich, Biomedical Laboratory 
Scientist  
Gitte Jensen, Secretary 
Janni Thor, Biomedical Laboratory Scientist 
Khalida Akbari, Biomedical Laboratory 
Scientist  
Stine Kramer, Medical doctor 
Tanja Würtz Rasmussen, Department 
Biomedical Laboratory Scientist  
Vikie Engelbrekt Larsen, Biomedical 
Laboratory Scientist 

Compiling instructions 
 
Document controlled instructions are 
necessary in order to carry out high quality 
procedures uniformly. Before the merger and 
the move to new premises, each of the 
department's 3 sections had its own set of 
instructions, but with many joint, overall 
instructions. E.g. medical instructions. 
There was first and foremost a need to 
review the workflows and coordinate them 
before compiling instructions and guidelines. 

The aim was to create a structure/template 
for our instructions so that we could start off 
with a new and joint understanding of e.g. 
the contents and structure of guidelines for 
procedures. The reduction of the number of 
guidelines was also a goal and could be 
achieved by compiling existing guidelines. 
The planning of this had already started 
before the move to our new location where 
a working group, initiated by the heads of 
department, started to review the 
coordination and merging of the instructions 
and guidelines.The interdisciplinary working 
group was represented by staff from all 3 
sections and later work has been carried out 
in collaboration with staff who are 
responsible for writing and revising 
instructions. 

Compilation has been carried out by 
merging the best from the 3 sections. Several 
new guidelines have been worked out and 
are to be found in the NUKPET document 
collection. There are still more on the way. 

In 2019, many new guidelines for new 
apparatus were also written along with 
training in the use of this new equipment 
followed by the training of all staff.  
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Kaspar Pahira Vraa introduces the patient 
alarm system. 
Photo: Annette Dysterdich 

A substantial and important dimension of the 
merger and move to a new location is to 
incorporate patient safety into everything. 
Help was at hand from the Department of 

Quality and Patient Safety who had made a 
checklist which was reviewed when 
conducting Patient Safety rounds in the new 
framework. 
 
Part of this involved making sure that staff 
were aware of the internal alarm system 
used, when patients are suddenly taken ill. 
And how to get a hold of the crash team. 
Some of the practical work to ensure that  
we were prepared for acute situations, was 
carried out before relocation. 

Labels with telephone numbers of the crash 
team were placed on all telephones. 
Labels for staff ID cards with necessary 
cardiac arrest information were ordered. 
Information about cardiac arrest and ABC 
calls was placed in the examination rooms. 
In agreement with the hospital's cardiac 
arrest coordinator it was decided to place 
an AED within the department. 
Both of the department's crash trollies were 
reassessed and equipped identically on 
both floors in collaboration with the 
department's doctor responsible for 
medicine. The contents have since been 
adjusted after debriefings following 
emergency situations in the department. 

The alarm system notifying staff of acute 
illness in a patient has presented a particular 
challenge in the new location. 
Staff have been used to a tannoy system so 
that doctors can immediately reach the 
examination room where the acutely ill 
patient is to be found. 

This system is not available in the new 
location and therefore the patient safety 
alarm was implemented as the alarm to 
notify all doctors in an acute situation. On 
testing the patient safety alarm we 
discovered that there was a need for several 
acoustic alarms as the alarm could not be 
heard in the doctors' room, in the doctors' 
office or in the joint lunchroom. A further 5 
alarms were therefore set up. 

There has been an ongoing implementation 
of workflows with acute situations with staff 
as they move from the old premises to the 
new location. We have also put posters up in 
the examination rooms and have tested the 
acute alarm several times. There are CPR 
training courses as well as information and 
discussion at meetings and on the intranet. 
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Revised use of the Improvement Model 
 
The department of Nuclear Medicine and 
PET has 2 quality improvement supervisors. 
In 2019, the Improvement Model was used in 
research projects and parts of the Model 
were used in other assignments. 

The Improvement Model has previously 
been used to implement new tasks, such as 
the documentation of medicine by medical 
lab technicians in the electronic health 
records system. This was extended to all 
medical lab technicians throughout the 
entire department. The implementation was 
repeated using this method and with great 
success. 

Another project improvement idea that the 
department has taken on is the correct use 
of appointment letters to newly referred 
patients. Scheduling patients is carried out 
according to the Region's ”clear message” 
concept. A part of the concept is about the 
information letter sent out with the 
appointment time. The information letters 
are different, depending on which 
procedure the patient is scheduled for. 

There was an audit of appointment letters 
which showed room for improvement. A 
review of workflows, charts and diagrams 
showed us that the predominant process 
was the thorough information based on the 
”clear message” concept. After this review, 
target fulfillment was followed up several 
times weekly and was constantly 
communicated to the staff involved. In the 
space of a very short time, we achieved our 
target by 100%. The fact that our 3 medical 
secretary groups now sit together was 
certainly a contributing factor to the quick 
success. It is just so much easier to get the 
message across when we are gathered 
together under one roof. 

Sharing experiences of improvement 
assignments happens at the yearly ”Market 
Place” at Aarhus University Hospital. Here, it 
is possible to meet colleagues from all over 
the hospital, who present their projects 
involving improvement. The Department of 
Nuclear Medicine and PET presented a 
project at the Market Place in 2018 and 
hopes to return at a later date. 

As well as the Market Place, there is also a 
forum for patient safety supervisors who 

exchange experiences by discussing various 
projects. 

Our improvement board presents PDSA, 
drivers, goals, audits, workflow diagrams and 
results.
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A new era in Peptide Receptor Radionuclide Therapy in patients with Neuroendocrine Neoplasms                                                                                                                                                                                                                                  

Anne Kirstine Arveschoug, MD, Senior Consultant, Tine N. Gregersen, MD, PhD, Registrar & Peter Frøhlich Staanum, Medical Physicist, PhD 

It is time to venture out and re-think the 
treatment regime in peptide receptor 
radionuclide therapy (PRRT). 
Peptide receptor radionuclide therapy is a 
well established treatment in metastatic 
neuroendocrine neoplasms (NENs) with 
progression on former therapy. 

At Aarhus University Hospital ENETS Center 
of Excellence, we have treated NEN patients 
with PRRT since 2008, Lu-177 based since 
2015. The standard treatment consists of 4 
cycles with 7.4 GBq and is very well 
tolerated. Unfortunately, about 20% of the 
treated patients have progression within the 
first year after treatment. 

The radiation dose to the kidneys is 
considered the limiting factor for dose 
escalation. After many years of experience 
with PRRT we have monitored the kidney 
dose in NEN patients after PRRT and have 
concluded that we can increase the 
administered activity significantly in most of 
the patients but the kidney dose differs from 
one patient to another after standard 
treatment. 

We know from retrospective studies, that 
patients treated with PRRT until they reach 
the maximal tolerated kidney dose have a 
better prognosis compared to those who did 
not. Therefore, we plan to carry out a 
randomized study with NEN patients and 
PRRT. The NEN patients referred for PRRT will 
receive either four cycles of standard dose 
Lu-177 PRRT or four cycles of kidney 
dosimetry based and thereby personalized 
Lu-177 PRRT. 

Figure: Ga-68-DOTATOC PET- MIP 
Visualization of somatostatin receptor 
positive disease  before  PRRT 
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Planning the project 

In collaboration with the Department of 
Hepatology and Gastroenterology we have 
planned the overall structure of the project. 
The collaboration between the participating 
departments has been and is essential in 
regard to inclusion and recruitment of the 
patients, but also the care for the patients on 
the isolation ward and the subsequent 
control and follow-up of the patients after 
each cycle of the study. 

Within our own department, the planning of 
the study has brought about the close 
collaboration between chemists, physicists, 
medical laboratory technologists, 
secretaries, and doctors. With this new 
project, the radiopharmacy will resume the 
in-house production of Lu-177-DOTATOC, 
but this time in larger doses than ever before. 
The physicists have had to develop valid 
ways to calculate kidney dose and together 
we have tried to figure out the best flow from 
inclusion, to randomization, to treatment, 
analysis, and follow-up. 

The financial aspects of the study and 
application for funding have been 

calculated in collaboration with Peter Ott, 
Head of Department of Hepatology and 
Gastroenterology. 
Major funding was obtained from the 
Central Denmark Region, and the large 
financial contribution has made it possible to 
carry out this project over the next five years. 

Approvals from the Danish Medicine Agency, 
the Local Committee on Health Research 
Ethics, the Danish Data Protection Agency, 
and the inspector from the local unit of Good 
Clinical Practice (GCP) are obtained and we 
are ready to include the first patient. We 
plan to include 100 patients during the next 
3.5 year and after five years we will have 
one year follow-up on all included patients. 

Future perspectives 

We expect that this study will lead to a new 
way of thinking with PRRT. No two patients 
are the same and therefore we have to treat 
them differently. The standard treatment we 
offer today is good but not optimal. We 
expect that when we give the patients the 
maximal tolerated dose at each treatment 
cycle it will be much more effective and 
lead to a larger degree of tumor control and 

thereby longer progression free survival. We 
expect that dosimetry based treatment will 
be the future treatment regime in PRRT, and 
a step further on the way to personalized 
medicine. 
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Clinical nuclear medicine examinations in brain disorders

Per Borghammer, Professor, MD, PhD, DMSc & Joel Aanerud, specialty registrar, MD, PhD 

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. In 
addition, the PET Centre 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 validation 
to implementation in clinical practice. 

There is an increasing demand for PET and 
SPECT scans in the field of neurological and 
neuro-oncological disorders. During the past 
10 years, the number of clinical brain 
examinations at our department has 
increased by almost 500%. 

In 2019, we performed 687 18F-FDG PET 
scans in patients under suspicion of 
dementia. This methodology provides a  
powerful tool for differentiating dementia 
disorders, including Alzheimer’s disease, 
Lewy Body dementia, vascular dementia, 
and fronto-temporal dementia.  
In select patients, 11C-PiB PET is used to 
verify the presence pathological beta-
amyloid, the defining feature of Alzheimer’s 
disease. 

Figure. 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 utilized dopamine transporter 
(DaT) SPECT scans to diagnose patients with 
suspected Parkinson’s disease or other 
movement disorders for the last 15 years. In 
2019, the DaTscan was replaced with 18F-
PE2I PET/CT scan, a high-resolution method 
to visualize the dopamine transporters. We 
predict to image 400 patients in 2020 with 
this modality. 

In select movement disorder patients, the 
123I-MIBG scan is useful for measuring the 
integrity of the sympathetic nervous system. 
Parkinson patients exhibit an almost 
complete destruction of the sympathetic 
innervation to the heart, whereas patients 
with atypical movement disorders such as 
multiple system atrophy have normal 
cardiac innervation.  

Amino acid PET imaging is important in the 
management of patients with brain tumors. 
18F-FET accumulates in metabolically active 
tumor cells and is a valuable supplement to 
standard MRI scans for a more exact 
delineation of the true tumor extent. These 
PET scans are useful for differentiating brain 
tumors from benign brain lesions and for 
supporting stereotactic tumor biopsies.  

Patients with slowly developing but severe 
stenosis or even occlusion of the internal 
carotid artery often display intermittent 
neurological symptoms including paresis 
and aphasia. The cerebrovascular flow-
reserve of these patients can be accurately 
determined using 15O-H2O PET scans, 
which measures cerebral blood flow.  

By comparing the blood flow in baseline 
and after a vaso-dilatory challenge using 
acetazolamide, significant reductions in 
flow-reserve can be detected. This is an 
important clinical parameter for identifying 
patients eligible for extra-cranial/intra-
cranial by- pass surgery.  15O-H2O perfusion 
PET scans are also useful for precise 

localization of normal brain functions in the 
motor cortex and language areas. Such 
mapping of normal brain functions assists 
the neurosurgeon in the pre-operative 
planning of select brain tumor patients.  

Figure. Cerebral perfusion in a patient with 
occluded left carotid artery is measured with 
15O-H2O PET in baseline and after vaso-
dilatory challenge using acetazolamide. 
Subtraction-analyses identify regions with 
significantly decreased flow-reserve (<10%) 
or paradoxical drop in perfusion (steal 
phenomenon).
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Improving the technique, harvesting clinical data and working with researchers in basic science 

Lars Christian Gormsen, Associate professor, consultant, Head of Research, PhD

Introduction 

The medical subspecialty clinical physiology 
and nuclear medicine has always been 
characterized by rapid acquisition and 
subsequent translation into a clinical setting 
of new and evolving imaging techniques. 
This has been particularly evident in the 
rapid build-up of PET capacity over the 
preceding decade, and we have in the 
Department of Nuclear Medicine & PET 
Centre now 5 integrated PET/CT systems as 
well as a PET/MRI scanner at our disposal. 
Some of the PET/CT systems are equipped 
with recently developed software that 
incorporates algorithms for simple 
acquisition and production of dynamic 
whole-body (WB) PET images. Moreover, the 
PET/MRI system now allows us to image 
anatomical details in the millimeter range 
and combine this with functional information 
derived from PET images. The PET systems 
are of the latest generation and their overall 
performance in terms of sensitivity, short 
acquisition time and image quality are 
therefore excellent. In addition to increased 
scan capacity, a third cyclotron has been 
installed and radiochemistry facilities have 
been expanded.  

These improvements are now being put to 
good use both clinically and in research.  
Overall, PET research is a multi-faceted effort 
with projects broadly falling into one of three 
categories: 1) Modality improvement, 2) 
clinical PET studies, and 3) intermediary 
basic metabolism studied by PET. Each of 
these categories have unique challenges 
that are addressed by the most relevant 
specialists employed by the department. 
Modality improvement is primarily driven by 
physicists and lab technicians, clinical PET 
studies are most often initiated by 
physicians, and finally the basic metabolism 
studies relies heavily on the abilities of 
radiochemists. This division of labor in the 
department is also reflected in the allocation 
of supervisors and PhD students to the 
various ongoing projects. 

Modality improvements 

The relocation of our department to new 
facilities resulted in the acquisition of new 
PET/CT systems, notably Siemens Biograph 
Vision with dynamic whole-body PET 
capacity (D-WB PET). In short, D-WB 18F-FDG 
PET allows for accurate quantitation of 
glucose (or other radiotracer) uptake in any 

tissue, whereas standard WB 18F-FDG PET 
images radiotracer retention at a given time 
point after tracer injection, including activity 
not actually taken up by tissue but still in the 
circulation. As a consequence, standard WB 
PET images may be difficult to read and 
interpret clinically, particularly when target 
organs are heavily perfused (such as the 
liver) or oxidizes much glucose (such as the 
brain). We are therefore currently studying 
whether D-WB 18F-FDG PET has better lesion 
detection than standard WB 18F-FDG PET 
and also if automatic and image derived 
extraction of radiotracer concentration in 
blood and tissue compares well with 
manually sampled radioactivity 
concentrations. The results from these purely 
methodological studies are then planned to 
be translated to a clinical setting through 
studies of the potential of D-WB 18F-FDG PET 
to predict outcome both in patients with 
oncological diseases and in patients with 
non-oncological diseases. Much of the work 
related to the studies will be performed by 
hospital physicists and dedicated laboratory 
technicians (see figure page 48).
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Figure: Example of the research questions 
addressed by a PhD project and carried out 
in close collaboration with the manufacturer 
of the PET/CT system (Siemens). 

Although PET/MRI has been in clinical use 
for some years, it is still not entirely clear 
which clinical indications are appropriately 
addressed by a combination of extremely 
precise anatomy (MRI) and function (PET). 
However, we are planning to study whether 
patients suffering from the inflammatory 
disease giant cell arteritis (GCA) affecting 
the cranial arteries can be accurately 
diagnosed by PET/MRI even after 
glucocorticoid therapy. GCA affects very 
small structures (vessel walls) and disease 
related changes in morphology (vessel wall 
thickening) are much more subtle than what 
is frequently observed in malignant disease, 
where tumors may be of considerable size. 
To study whether the small cranial vessels 
are inflamed, we have set up MRI sequences 
suited to image arterial wall thickening and 
edema as well as FDG uptake reflecting 
uptake in activated inflammatory cells. Such 
a study with clear clinical implications 
necessitates close collaboration with other 
specialties and the PET/MRI study will be 
carried out with the aid of our colleagues in 
the Department of Rheumatology in Aarhus 
and in Groningen.
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Figure: First patient with clinical symptoms of 
cranial GCA scanned on the PET/MRI system 
using MRI sequences optimized for viewing 
small changes in vessel caliber and wall 
thickness. The patient turned out to be 
suffering from a related inflammatory 
disease (polymyalgia rheumatica). 

Clinical PET studies 

Almost 80 percent of PET/CT scans 
performed in our department are 18F-FDG 
scans with clinical indications ranging from 
pretherapeutic assessment of disease 

severity (staging) to response 
assessment or biopsy guiding. 
Most of these PET/CTs are part 
of the diagnostic work-up laid 
out in national clinical 
guidelines and therefore must 
be performed in accordance 
with predefined algorithms. 
However, many of these 
guidelines are not necessarily 
based on solid evidence but 
rather on expert opinion (PET 
has high sensitivity and is 
therefore assumed to be of 
value) and it is thus important 
to routinely critically appraise 
the use of PET/CT for clinical 
indications. 
In practice, nuclear medicine 
physicians working within their 
subspecialties therefore 
initiate retrospective studies of 
PET diagnostic accuracy and 

in some cases also of prognostic capacity. In 
line with this, we have within the last couple 
of years looked into the value of PET in 
inflammation, prosthesis infections, 
hematological malignancies and 
gastrointestinal cancers. 
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Basic metabolism studied by PET 

Molecular imaging by PET is well suited to 
address research questions arising from 
more traditional experimental set-ups such 
as blood sampling for hormones and 
metabolites, indirect calorimetry to assess 
overall energy expenditure, tissue sampling 
to study intracellular signaling, and 
ultrasound to assess cardiac function.  
PET is non-invasive and allows for in vivo 
assessment of the same functional 
parameters even in tissues that are not 
accessible by biopsy. Most metabolites, 
hormones and drugs can be labelled by a 
PET isotope with only small alterations to the 
chemical properties of the compound, and 
the behavior of radiotracers in tissue 
therefore closely resembles that of the 
endogenous counterparts. Through kinetic 
modelling of radiotracer metabolism, we are 
therefore often in a position to shed light on 
even intracellular processes that are 
otherwise difficult to study in vivo. 

Our department has been collaborating 
closely with the Department of 
Endocrinology and Metabolism as well as 
with the Department of Cardiology for 

decades and we now possess PET tracers 
suited to determine tissue perfusion (15O-
H2O), tissue substrate metabolism (e.g. 18F-
FDG, 11C-acetate, 11C-palmitate), and even 
tissue drug metabolism (e.g. 11C-metformin) 
(see figure).  

Figure: Example of a drug PET radiotracer 
(11C-metformin) and the tracer kinetics used 
to model tissue drug metabolism.
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These inter-specialty collaborations have 
resulted in many PhD and postdoc projects 
as well as participation in larger research 
groups such as the KETO group and the 
DAN-NICAD projects. We are currently 
planning 2 PhD projects originating in our 
department, in which we will study the 
effects of non-pharmacological increases in 
circulating ketone bodies. Both studies will 
involve multi-tracer study days (18F-FDG, 11C-
acetate, 11C-palmitate) as well as 
radiotracer development for human use 
(11C-hydroxybutyrate). Introduction of new 
radiotracers always relies heavily on our 
radiochemists, who are in charge of tracer 
production, potential metabolite validation 
and the extensive regulatory issues 
associated with newly introduced 
radiotracers. In order to minimize 
radiochemistry workload, it is therefore 
important that projects as frequently as 
possible naturally extend on results obtained 
from preceding studies (see figure). 

Figure: Several PhD projects within the 
general research area of basic metabolism 
have been initiated in our department with 
preceding projects supplying valuable 
knowledge for subsequent extensions to 
research programs.  
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Research in the origins of Parkinson’s disease

Per Borghammer, Professor, MD, PhD, DMSc

The department runs 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, but also how these 
systems are differentially affected in different 
subtypes of PD. Patients undergo PET, SPECT, 
CT, and MR imaging in addition to 
ultrasonographical examinations allowing a 
detailed in vivo quantification of dysfunction 
in peripheral and central neuronal 
populations (figure). Using this approach, we 
recently showed that those 30% of PD 
patients, who develop a particular sleep 
disturbance during the prodromal phase, 
exhibit early, severe destruction of the 
peripheral autonomic nervous system years 
before they are diagnosed with the disorder 
(Knudsen et al., Lancet Neurology 2018). This 
striking observation supports the growing 
suspicion that PD in some cases originates in 
the gut. This “body-first” hypothesis is further 
explored in studies of archived tissue from 
PD patients in collaboration with the 
department of pathology, in transgenic 
models of PD, and in epidemiological 

studies in collaboration with the department 
of clinical epidemiology. 

During the past 5 years, Borghammer’s team 
has develop the first PET imaging method, 
11C-donepezil PET, which allows 
quantification of reduced parasympathetic 
innervation in the peripheral organs (Gjerløff 

et al., Brain 2015, Fedorova et al., Neurology 
2017, Knudsen et al., Lancet Neurology 
2018). A 2. generation PET ligand for this 
purpose is now being developed and tested 
at the department, which may allow even 
more accurate assessment of the 

parasympathetic system. In parallel studies, 
we utilize novel PET tracers, including 11C-
UCB-J and 18F-FEOBV, to assess whether the 
overall loss of cortical synapses or the 
specific loss of cholinergic neurons 
contribute to the development of dementia 
in Parkinson’s disease and the related 
disorder, Dementia with Lewy bodies. 

Figure. Using five different imaging 
modalities, extensive neuronal damage can 
be visualized in Parkinson patients in the 
parasympathetic, sympathetic, 
noradrenergic, and dopaminergic neuronal 
systems. Arrows indicate visually apparent 
loss of tracer accumulation in the patients. 
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Early markers of parkinsonian disorders 

Nicola Pavese, Professor, MD, PhD, FRCP, FEAN 

In vivo functional imaging with PET in 
patients with Parkinson’s and related 
disorders has significantly increased our 
understanding of the extent and rate of 
progression of dopaminergic and non-
dopaminergic degeneration in these 
conditions. It has also helped understand the 
role of possible molecular mechanisms, such 
as neuroinflammation (microglia activation).  
However, the majority of studies has been 
performed in patients with well-established 
disease and, therefore, do not provide 
information on the earliest pathological 
brain changes which could be potential 
targets for future disease modifying drugs.  
Our research, which is funded by the 
Independent Research Fund Denmark and 
the Danish Parkinson’s Association, aims to 
use neuroimaging techniques, including PET 
and MRI to investigate the earliest 
pathological abnormalities in the brain of 
patients at high risk of developing 
Parkinson’s and related conditions.  
Hopefully, this knowledge will help identify 
areas in the brain that could be targets for 
future drug research.  Additionally, it will 
allow an early diagnosis of these conditions, 
possibly when the pathological process is 
still confined.  

This is an international programme, which 
involves Aarhus University, Barcelona 
University, Newcastle University, and 
University College London,  
We have been the first team to report 
increased levels of neuroinflammation 
(microglia activation), as measured by 11C-
PK11195 PET, in patients with idiopathic 
rapid eye movement  (REM) sleep behavior 
disorder (iRBD), a strong prodromal marker of 
Parkinsonian disorders [Stokholm et al., 
Lancet Neurology, 2017].  We are currently 
performing the longitudinal clinical and 
imaging follow-up of this cohort of patients 
to investigate the temporal relationship 
among microglia activation, nigrostriatal 
dysfunction, and clinical onset of 
Parkinsonism. 

We have also detected the presence of 
neuroinflammation (microglial activation) in 
brain regions susceptible to Lewy body 
formation in asymptomatic carriers of 
genetic mutations linked to Parkinson’s  
(GBA1 and LRRK2 mutations) (Figure 1).  
Interestingly, microglial activation in the 
substantia nigra of carriers of 
Glucocerebrosidase mutation (GBA1) 
correlates with hyposmia and seems to 

precede the loss of striatal dopaminergic 
terminals measured with 18F-DOPA PET 
[Mullin & Stokholm et al., Lancet Neurology, 
submitted].  

Figure 1. Clusters of significantly increased 
11C PK11195 binding potential (BPND) in the 
brainstem region of GBA1 carriers compared 
to control subjects
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Since a significant number of patients with 
iRBD develop Dementia with Lewy Bodies, 
we have used PET with 11C-Donepezil PET, a 
tracer for visualization of  
acetylcholinesterase, to explore changes of 
brain cholinergic function in these patients.  
We found that iRBD patients had cholinergic 
denervation in several cortical areas, 
including bilateral superior temporal cortex, 
occipital cortex, posterior and anterior 
cingulate cortex and dorsolateral prefrontal 
cortex. This cortical cholinergic dysfunction 
could be important for the development of 
future cognitive impairment/dementia in 
these subjects (Figure 2).  [Stokholm et al. 
2019, submitted to European Journal of 
Neurology]. 

More recently, we have observed that the 
cortical cholinergic dysfunction observed in 
these patients could be related to an 
increased load of neuroinflammation 
(microglial activation) in the Substantia 
Innominata, the major source of cholinergic 
input to the cortex [Stær et al. 2019, in 
preparation]. The longitudinal clinical and 
imaging follow-up of this cohort, funded by 
the Danish Parkinson’s Association, will help 
clarify if these changes could contribute to 

the development of cognitive impairment 
and if 11C-Donepezil PET can be used to 
predict the onset of dementia in these 
patients. 

Finally, using MRI in collaboration with 
Associate Professor Simon Fristed Eskildsen 
and Professor Leif Østergaard, we have 

found changes in brain 
microvascular cerebral blood flow in iRBD 
patients compared to controls.   
These changes could contribute to the 
development of neurodegenerative 
processes in these patients and potentially 
provide a predictive biomarker for disease 
progression to Parkinsonism and/

or cognitive impairment [Fristed 
Eskildsen et al. 2019, in 
preparation]. 

Figure 2. Reductions in cortical  
11C-donepezil binding potentials 
in iRBD compared to controls 



     55

Research in Alzheimer’s disease 

David J Brooks, Professor, MD DSc FRCP(UK) FMedSci(UK) FEAN 

Our programme is designed to determine 
how molecular and structural imaging can 
be best used to support diagnoses of clinical, 
prodromal, and preclinical Alzhiemer’s 
disease (AD) and to examine the temporal 
and spatial inter-relationships between the 
characteristic pathologies - β-amyloid 
plaques, intraneuronal tau tangles, 
inflammation in the form of microglial 
activation, and changes in the 
microcirculation. It is generally believed that 
β-amyloid plaques formation preceeds tau 
tangle formation and it is the latter that leads 
to nerve death and cognitive dysfunction. 
The time courses of inflammation and 
circulatory changes are less clear. We are 
studying β-amyloid fibril load with 11C-PiB 
PET, tau tangle load with 18F-flortaucipir 
(AV1451) PET, inflammation with 11C-
PK11195 PET and microcirculation changes 
with Gd contrast enhanced MRI. Healthy 
subjects carrying the ApoE4 gene and at 
increased risk of Alzheimer’s disease are 
being recruited along with subjects with 
isolated memory impairment (mild cognitive 
impairment – MCI), and early Alzheimer  
disease (AD).  

To date, we have found that two thirds of our 
MCI cases show evidence of amyloid 
deposition and 80% of these have 
associated areas of brain inflammation. 
Levels of cortical inflammation β-amyloid 
are correlated in some regions and 
inflammation, but not β-amyloid levels, 
correlate with cognitive deficit. This work has 
been reported (P Parbo et al. Brain 2017; 
140: 2002-2011). The relationship between 
β-amyloid plaques and tau tangles is more 
complex. Amyloid plaques can be seen 
without tau tangles in MCI but all our cases 
with cortical tau also showed cortical 
amyloid. Tau tangles target mesial temporal 
cortex while amyloid plaques target frontal 
and cingulate areas. We have seen no clear 
correlation between levels of tau and 
inflammation in our series but tau levels 
correlate with cognitive decline. These 
findings have been recently reported  (P 
Parbo et al. Neurobiology of Disease 2018; 
117: 211-216). Additionally, an inverse 
correlation between levels of microglial 
activation and plasma neurofilament light 
(NfL), a marker of axonal damage, was seen 
suggesting inflammation may initially be 
protective in MCI. This work was funded by 

the Thon foundation in collaboration with 
Henrik Zetterburg in Gothenburg.  

A cohort of MCI cases has now been 
followed for two years and repeat PET and 
MRI performed – see figure. Interestingly, 
while amyloid load remains stable the level 
of inflammation falls significantly while tau 
tangle load rises. This also suggests that 
inflammation is initially protective in early 
Alzheimer’s disease but this declines over 
time. Correlations of our longitudinal 
imaging findings with the cognitive status of 
the MCI cases are currently being 
interrogated.  
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Research in Alzheimer’s disease 

David J Brooks, Professor, MD DSc FRCP(UK) FMedSci(UK) FEAN 

Figure: Amyloid load (11C-PIB), inflammation 
(11C-PK11195) and tau load (18F-flortaucipir/
AV1451) changes measured with PET over 
two years in an MCI patient.  

We have been funded by Horizon 2020 and 
Eurostar grants to study the prevalence of 
amyloid deposition in elderly healthy 
controls who carry the ApoE4 gene. Those 
amyloid positive healthy subjects, who 

represent preclinical 
Alzheimer’s disease, 
will be asked to 
undergo cognitive 
testing with  the 
Brain+ computer 
programme to 
determine  whether 
subtle cognitive 
deficits are present. 
The presence of 
imflammation, tau, 
and microcirculatory 
changes will also be 
examined with PET 
in these cases. We 
have already 
determined that β-
amyloid can be 
detected in the 
absence of 
inflammation (F 
Husum Mårup – 
unpblished data). It 

is eventually intended to test cognitive 
rehabilitation paradigms in healthy controls 
who have amyloid pathology and show 
subtle deficits on Brain+. 
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Education and training of medical doctors/specialists

Anne Kirstine Arveschoug, MD, Senior Consultant  & Camilla M. Hoff, MD, PhD, Specialist Registrar

2019 was the year where the last pieces of 
the NUK-PET puzzle were put together at the 
Palle Juul-Jensen Boulevard with the 
radiochemistry section moving out of the 
former premises at Nørrebrogade and in to 
the new location in late spring. 

With all moving and logistics out of the way, 
the educational focus has been on the 
establishment of routines and work flows. 
The optimal balance and combination 
between the training and supervision of 
medical students/doctors and specialists 
and the daily clinical production has been 
discussed and re-evaluated several times 
and will be an ongoing discussion in 2020. 

One important aspect in the training of 
medical doctors is the optimal educational 
flow regarding classical nuclear medicine 
and PET examinations.  This has formerly 
been dictated by the different sub-units, but 
has now merged as one; the most important 
aspect will be optimal education, and how 
to maintain acquired competences within 
the field of classical nuclear medicine while 
obtaining new ones within PET/CT.  
As work flows and education have to be 
combined, the different investigations of the 

day are usually divided among the doctors 
in training according to their level of 
education and need to gain new skills. After 
dividing the different investigations between 
themselves, the doctors who are in training 
hold a small morning meeting with the 
technologists responsible for the practical 
implementation of the various scans of the 
day.  

The morning meetings were established to 
ensure optimal teamwork, evaluating the 
scans carried out during the day and 
thereby preventing any possible problems 
that might arise. The morning meetings were 
established based on ideas from the doctors 
in training themselves and were presented 
at the 3-hour meeting in 2019. 

One important reason for the establishment 
of the interdisciplinary morning meetings 
was that the new department has two floors. 
Most of the doctors are located on the first 
floor, to ensure optimal supervision and 
education, whereas many of the classical 
nuclear medicine examinations are done on 
the second floor. There still might be one or 
two doctors in a small call room, situated on 
the second floor, but the on-call team of the 

day may be on the first floor. The on-call 
team usually consists of two doctors, one in 
early training and one in main or late 
specialist training. The resident in main 
training serves as a backup and supervisor 
for the resident in early training, as well as for 
the medical students having the nuclear 
cardiology patients that day.  Both of the 
residents in charge have a specialist in 
nuclear medicine as back-up, one specialist 
regarding the nuclear medicine and one 
regarding the nuclear cardiology patients.  

Other focus points from the 3-hour meeting 
were the continuation of a good 
psychological environment and supervision 
and feed-back, especially regarding the 
more rare examinations. 

Based on the new strategy for learning, 
education and skills development at Aarhus 
University Hospital the department has 
established a new interdisciplinary working 
group. The agenda of this group is to focus 
on interdisciplinary teamwork regarding the 
education of doctors, technologists and 
secretaries within certain areas of nuclear 
medicine especially radiation protection.  
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Education and training of medical doctors/specialists

Anne Kirstine Arveschoug, MD, Senior Consultant  & Camilla M. Hoff, MD, PhD, Specialist Registrar

Photo: Tonny Foghmar  The idea is to strengthen educational 
programs across the different professional 

groups.  The first step will be an 
interdisciplinary assignment to 
small groups with technologists, 
doctors and secretaries in 
training on how to focus on 
different aspects of radiation 
protection in the daily routines 
involving employees, patients 
and relatives.  

Doctors in specialist training 
have up to 3 periods of 
employment during their 
training course.  To ensure a 
good transfer between the 
participating departments and 
to reduce inappropriate 
training courses, a transfer 
meeting and an evaluation 
form has been discussed in the 
regional education committee.  
A fixed structure for transfer 
between departments 
involving the supervisors from 
the different departments and 
the young doctor in training has 
been discussed and accepted 

by the participating departments.  
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Education and training of medical doctors/specialists

Anne Kirstine Arveschoug, MD, Senior Consultant  & Camilla M. Hoff, MD, PhD, Specialist Registrar

Maintaining supervision and feedback in 
workplace-based training is an ongoing 
process.  This came naturally in small sub-
units but is very time consuming when the 
number of examinations is tripled.  However 
it is still of outmost importance for fast work 
progression, discussions and reflection of 
one's own practice.  For that reason a 
different approach has been tried out in 
regards to feedback and organization of 
internal conferences.  For now we have 
settled  on a model with an internal 
conference focusing on the more 
complicated examinations and small 
internal conferences run by the young 
doctors themselves where the doctors in late 
training give feedback to  the doctors in 
early training and with the aid and 
supervision of a specialist. 

The 3 large rooms for describing nuclear 
medicine examinations are concentrated 
and both the dual viewing of the PET/CT 
and the viewing and description of nuclear 
medicine studies are on the first floor. The 
closeness of all the doctors involved in the 
description of all the nuclear medicine 
examinations should in principal offer a 
unique opportunity to learn and to be 

supervised. This has turned out to be more 
difficult than expected as many doctors do 
not take advantage of this opportunity, and 
in the years to come it will be an ongoing 
focus area in which the doctors in general 
across education level and specialization 
must approach each other in order to 
achieve a complete medical team. 

In 2019 the 360- degree feedback test has 
been a focus area in order to optimize the 
use of the test. We wanted to ensure the 
correct use of the test including invitation of 
the right amount of responders invited to 
give the young doctors feedback. Sine a 
certain amount of feedback testing is 
required to maintain a professional level we 
gathered all of the feedback with one 
facilitator 

Throughout the year there were five junior 
doctors in early training and five in late 
specialist training. Medical doctors in 
specialist training in other specialties, 
especially urology, internal medicine and 
endocrinology visit the department on 
focused educational stays and there are 
many more to come in 2020. In 2020 there 
will also be visits from foreign students. 

Medical students are introduced to the 
department and the work of a specialist in 
clinical physiology and nuclear medicine 
through lectures in medical school and visits, 
both short and long can be arranged at the 
department. Our team of medical students 
participating in nuclear cardiology 
examinations continues to be a great 
advantage and they are very well 
integrated, being of great benefit for both 
the students and the young doctors who act 
as their supervisor during the day. Many of 
the medical students have gained an 
interest in our specialty and have been 
included in research projects. 

As the monitoring of competence 
achievement and learning progression is 
important in a time of changes the 
department has continued the scheduled 
meetings for all specialist and main 
supervisors every second month. The aim is 
to optimize the training for the individual 
doctors in all aspects of the educational 
program and to avoid inappropriate training 
courses.   
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Anne Kirstine Arveschoug, MD, Senior Consultant  & Camilla M. Hoff, MD, PhD, Specialist Registrar

Photo: Tonny Foghmar 

The junior doctors are 
involved in administrative 
tasks at the department, 
such as updating internal 
medical guidelines and 
visitation guides. They are 
also responsible for the 
weekly presentations of 
clinical cases, facilitated and 
supplemented by specialists. 
The weekly case is now 
timetabled as staff teaching 
by the junior doctors, which 
takes place every month. 
A review of major theoretical 
topics takes place for all 
doctors and academics in 
the department. These 
educational sessions usually 
involve guest specialists 
from collaborating 
departments. The specialist 
education takes place 
approximately once a 
month. 
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Interdisciplinary training team 

Annette Dysterdich, Biomedical Laboratory Scientist & Christian Juhl, Biomedical Laboratory Scientist

Aarhus University Hospital aspires to be 
amongst the elite university hospitals in the 
fields of treatment, research and training.   
In order to achieve this vision, a strategic 
team has been set up involving learning, 
training and competence development, 
ensuring the development of  the different 
professions and specialties by linking 
together the areas of basic and further 
education and training and development. 

In connection with this, the Department of 
Nuclear Medicine & PET-Centre established 
an interdisciplinary training team composed 
of the consultant responsible for training, the 
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. 

The team meets every 3rd month to come 
up with new ideas, evaluate and plan.  
Different methods of teaching are used 
including simulation, interprofessional  

teaching and cooperation (IPLS), structured 
feedback, job training etc. 
A whiteboard has been installed with 
information about current students/pupils 
and teaching sessions.   
These can be introductory sessions or 
sessions about teaching, case presentations, 
talks etc., where students and pupils can 
participate.  

Furthermore, an interdisciplinary task has 
been introduced, where students and pupils 
work together for a few weeks ending in a 
presentation of the task and/or a product. 

The team takes part in training workshops 
run by the hospital for networking and  
knowledge-sharing. 

Photo:  
Annette Dysterdich 



     64

Education of Medical Laboratory Technologists and radiographers

Christian Skyum Abildgaard Juhl, Biomedical Laboratory Scientist

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. In 2019, 
there were 26 students who had their clinical 
placement in the department. The 
placements lasted between 3 and 14 
weeks. Of these 26 students, 20 completed 
their training here followed by a clinical 
exam and 2 students carried out and 
completed their education, by writing their 
dissertation here. 
  
In 2016 training underwent a 
comprehensive overhaul. One of the many 
positive effects of this is longer and more 
coherent clinical training period for the 
students. The education and the clinical 
training is now more concentrated on the 
patient, the development of generic skills 
and a closer relationship between theory 
and practice. All of these new educational 
attention points give good meaning and all 
contribute to a new and modern health care 
system. The changes were started in the 
autumn of 2016 and are now (3½ year later) 
in 2019 fully implemented.  

As training is constantly being evaluated 
and has to adapt to the demands of society 
and the health care system, it is constantly 
under development.  In 2019 there has been 
a special focus on the development of a 
new technology profile of dementia. 
By 2020, I expect that the work and focus on 
technology and its understanding and 
implementation opportunities in the 
education will be prioritized.  It is an 
important and unavoidable area in rapid 
development. 
Throughout the last few years, the amount of 
training and the number of ECT points for 
medical laboratory technologists and 
radiography students, that the department 
handles has increased steadily. This has 
been due to a larger intake of students from 
VIA University College, Aarhus and fewer 
training departments in the Central Denmark 
Region as well as an exciting collaboration 
with the radiography course at University 
College of Northern Denmark, Aalborg 
(UCN). In 2019, there were 18 radiography 
students on a clinical placement at the 
department. 
Christian Juhl is the medical laboratory 
technologist who has the administrative 
responsibility and is responsible for the 

clinical training courses in the department 
for the medical laboratory technologists and 
radiography students. He has also different 
guidance tasks and teaching assignments in 
connection with the department’s 
contribution to the training of future medical 
laboratory technologists and radiography. 
Annette Dysterdich has other guidance tasks 
and is responsible for teaching. Furthermore, 
the department has three clinical 
supervisors, Rikke Bertelsen, Maiken Nybo 
and Gitte Kodahl. Their role in the 
department's training is essential as they 
facilitate and support the important learning 
space in the clinic. 
In the second half of the year (2019), Maiken 
went on maternity leave and in her place 
Malene W. Johnsen was given the role of 
clinical supervisor, with a special focus on 
the students in section 3. 
Participation in the advancement of the 
profession as a whole as well as other health 
science professions is actively encouraged 
through collaboration with other educational 
institutions.  

Courses are also held for qualified 
technologists as well as the yearly isotope 
course. 
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Education of Medical secretaries 

Stine Mark Nielsen Gunni, Medical Secretary, Supervisor for secretary students

Photo: Tonny Foghmar Each year 25-40 medical secretary students 
complete their training in Aarhus University 
Hospital. In the Department of Nuclear 
Medicine & PET-Centre Stine Mark Nielsen 
Gunni is responsible for the training of 

medical secretary students. In 
collaboration with the department’s other 
medical secretaries she ensures that the 
students receive the appropriate training 
throughout their stay by  participating 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 2019, there were three medical 
secretary students on an 8-month stay in 
the department. 
  
Stine Mark Nielsen Gunni is also a part of 
the interdisciplinary training team at the 
Department of Nuclear Medicine & PET 
which was established in 2019 to support 
Aarhus University Hospitals vision of 
learning, training and competence 

development. 
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Isotope course for medical laboratory technologists

Peter Frøhlich Staanum, Medical Physicist, PhD

In 2019 the isotope course for medical 
laboratory technologists was again held at 
the department with 18 participants from 8 
different departments in Denmark. The 
majority of the lectures and laboratory 
exercises were given by medical physicists 
from the department. 

Furthermore the course on Biomedical 
Isotope Technique offered by the Graduate 
School of Health at Aarhus University every 
2-3 years was held in 2019.  On this course 
the majority of lectures and laboratory 
exercises were also given by medical 
physicists from the department. 

Medical physics continues to be on the 
curriculum in Danish high school physics and 
more teachers were educated and hopefully 
inspired on a two-day course held at Aarhus 
University, where two of the lectures were 
given by Peter Frøhlich Staanuam. 

Søren Baarsgaard Hansen lectured on 
Radionuclide Imaging at the MS program in 
biomedical engineering at Aarhus University. 
He also lectured abroad on Radionuclide 
imaging and PET instrumentation as part of 
the neuroscience and neuroimaging 
program at the Sino-Danish Center for 
Education and Research, Beijing. The PhD 

studies of MD Mads Ryø Jochumsen and MD 
André Dias are supervised by Lars Poulsen 
Tolbod and Ole Lajord Munk, respectively.
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Internal training course in laboratory animal science 

Mie Ringgaard  Dollerup, Biomedical Laboratory Scientist & Aage Kristian Olsen Alstrup, Associate Professor, veterinarian, PhD 

Medical technologists and other personnel  
involved in animal experimentation must 
completed a basic course in laboratory 
animal science.  
This is a legal requirement that applies both 
in Denmark and in the rest of the EU 
countries. The exact course requirements 
depend on, whether the persons are animal 
caretakers, or whether they perform animal 
experiments. To apply for permits, there are 
additional educational requirements, as well 
as special rules for the veterinary counsellors. 
At our department we meet these course 
requirements by sending new staff, who will 
work with laboratory animals, on a basic 
course in laboratory animal science at 
Aarhus University.  

In 2019 we created an in-house course. The 
requirement for such a course arose with the 
merging of the three departmental 
addresses into a single location at Aarhus 
University Hospital in 2019.  This meant that  
colleagues who had not previously worked 
with laboratory animals, suddenly had to 
participate in animal scanning. In addition to 
the legal aspects, there was also a strong 
departmental wish that staff should be well 
qualified to scan laboratory animals.  

A similar in-house course was run five years 
ago and a new one is scheduled to be 
offered in 2020 or 2021. 

Photo: Tonny Foghmar 
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Studies & Patient investigations



Total activity 2018 2019 Radiotherapy planning 2018 2019

Number of examinations 23144 23799 Radiotherapy planning delineation, PET/CT 576 515

Total value of examinations mill. Dkr 133 133

PET research scanning 20182018 2019

Referring Hospital 2018 2019 Human research scans, PET/CT 735 474

Aarhus University Hospital 16535 17672 Pig research scans, PET/CT 60 24

Regional Hospital Horsens 1575 1219

Regional Hospital Randers 2455 2086 Blood and lymph system 2018 2019

General Practice 995 1244 In total 308 336

Regional Hospital of Viborg, Skive and 
Silkeborg

1026 936 Spleen scintigraphy, Tc-99-erythrocyte, 
heated

6 10

Regional Hospital of West Jutland 321 305 Bone marrow scintigraphy 3 4

Private Hospitals 55 235 Sentinel node, perioperative 18 14

The North Denmark Region 65 52 Sentinel node, dynamic, Tc-99m 223 252

Region of Southern Denmark 29 23 Sentinel node, SPECT, Tc-99m 58 56

Capital Region of Denmark 8 3

Psychiatry Central Denmark Region 27 24 Bone and joint 2018 2019

In total 825 1063

CT examinations 2018 2019 Bone Scintigraphy, multi phased 25 32

In total 3254 3523 Bone Scintigraphy, whole body, static 87 85

CT WholeBody PET/CT 3254 3522 Bone Scintigraphy, SPECT 713 946

CT WholeBody on SPECT/CT 0 1

     69

Studies and patient investigations 2018-2019 



CNS og peripheral nervous system 2018 2019 PET infection scanning, F-18-FDG 667 729

In total 1044 1225 PET tumour scanning, F-18-FDG 4302 4499

Regional cerebral receptor, C-11-PIB 28 5 PET tumour scanning, GA-68-DOTATOC 258 271

Regional cerebral receptor, F-18-Flutemetamol 0 45 PET tumour scanning, GA-68-PSMA 375 317

Regional cerebral receptor, F-18-PE2I 0 1 PET tumour scanning following  Y-90-SIRT 
therapy

7 11

Regional cererabral receptor, F-18-DOPA 1 0 Tumourscintigraphy, I-123-MIBG 25 27

Regional cerebrale blood flow, pharm. prov., 
O-15-H2O

27 19 Intraarteriel tumour-/shunt scin?graphy, Tc-99m 13 14

Regional cerebrale blood flow, physiol. prov., 
O-15-H2O

9 8 Tumourscintigraphy following Y-90-SIRT 
therapy

6 10

Regional cerebrale metabolism, F-18-FDG 582 687 Neuro endocrine receptor scanning, F-18-
DOPA

27 45

Cisternography, In-111-DTPA 1 3 Whole body scintigraphy following Lu-177-
therapy

104 86

Cerebral receptor, C-11-Methionin 0 17

Regional cerebral receptor, F-18-FET 80 82 Gastrin intestinal tract, liver, biliary tract and 
pancreas

2018 2019

Regional Dopamine Transporter Receptor 
Imaging, I-123-FP-CIT (DAT-Scan)

316 358 In total 236 214

Meckels diverticulum scintigraphy, Tc-99m-
pertechnetat

5 7

Other diagnostic procedures 2018 2019 Gastric emptying scintigraphy, solid food, 
Tc-99m

52 37

In total 5936 6134 Liver metabolisme, F-18-FDGal 5 7

White blood cell scintigraphy, In-111-leuco 4 6 Bile acid turnover, Se-75-SeHCAT 128 106
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Gastrin intestinal tract, liver, biliary tract and 
pancreas

2018 2019 Respiratory organs 2018 2019

Gall bladder scintigraphy, Tc-99m-Mebrofenin 18 54 In total 1015 1100

Biliary tract scintigraphy, Tc-99m-Mebrofenin 27 3 Lung perfusion scintigraphy, regional, Tc-99m-
MAA

200 258

Bleeding scin?graphy, abdomen, Tc-99-
erythrocyte

1 0 Lung ventilation scintigraphy, regional, 
Tc-99m-technegas

33 62

Lung function test, spirometry 282 314

Heart and cardiovascular system 2018 2019 Lung perfusion scintigraphy, SPECT, Tc-99m-
MAA

250 233

In total 4183 4036 Lung ventilation scintigraphy, SPECT, Tc-99m-
technegas

250 233

Hyperinsulinemic euglycemic clamp 85 92

Isotope cardiography, LVEF, Tc-99m-HSA 941 751

Myocardiel perfusion, Rb-82, pharm. stress 1439 1436 Peripheral vessels 2018 2019

Myocardiel perfusion, O-15, pharm. stress 2 1 In total 644 679

Myocardiel perfusion, Rb- 82, rest 1440 1439 Systolic blood pressure, fingers 2 0

Myocardiel metabolisme, F-18-FDG 85 92 Skin perfusion pressure measurement 24 31

Myocardiel perfusion scintigraphy, Tc-99m-
MIBI, pharm. stress

75 30 Systolic blood pressure, ancle and toes 617 637

Myocardiel perfusion scintigraphy, Tc-99m-
MIBI, physiol. stress

13 33 Systolic blood pressure, ancle and toes, 
physiol. stress

1 11

Myocardiel perfusion scintigraphy, Tc-99m-
MIBI,rest

55 29

Myocardiel sympaticus activity, I-123-MIBG 5 7

Myocardial scintigraphy, Tc-99-DPD 43 126
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Endocrine organs 2018 2019 Glomerular filtration, Cr-51-EDTA, single 
sample

1564 237

In total 1807 1844 Glomerular filtration, Tc-99-DTPA, single 
sample

0 1502

Thyroid scintigraphy, Tc-99-Pertechnatet 1058 1153 Micturition cystourethrography scintigraphy, 
Tc99m-MAG3

50 18

Thyroid scintigraphy, SPECT, Tc-99-
Pertechnatet

358 340

Iodine uptake test, I-131-Iodide 168 172 Radioisotope therapy 2018 2019

Parathyreoid scintigraphy, Tc-99m-MIBI 221 174 In total 501 453

Adrenocortical scintigraphy, I-131-
norcholesterol

2 5 Isotope therapy with Lu-177-DOTATOC 99 27

Isotope therapy with Lu-177-DOTATATE 4 59

Kidneys and urinary tract 2018 2019 Isotope therapy with Y-90-DOTATOC 22 7

In total 2815 2677 Isotope treatment with I-131, benign 164 166

Renography, Tc-99m-MAG3, diuresis 611 628 Isotope treatment with I-131, malignant 88 119

Renography, Tc-99m-MAG3 76 59 Selective internal radiotherapy with Y-90-
SIRTEX

7 11

Renography, Tc-99m-DTPA, ACE-inhibitor 39 0 Isotope therapy with Ra-223 117 63

Renography, Tc-99m-MAG3, ACE-inhibitor 41 113 Isotope therapy with I-131-MIBG 0 1

Renography, Tc-99m-DTPA 10 1

Renal scintigraphy, Tc-99m-DMSA 106 54

Glomerular filtration, Cr-51-EDTA, multi 
samples

318 65
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