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Introduction by the Center Director

Dear colleagues, partners afriends,

Our first annual report is reporting on only one month, December 2020. Nevertheless, we have a
lot to report.Workplans, reetings, employments and even some disseminations.

| am very happythat we have come closer and started to know each dthparticular, | am

happy about the start of employments and the skilled people we have employed so far. | am sure
we will make a great team. For 2021, | wish for face to face meetings. We have managed well
with our virtual meetings, and we have beeniffliexto adapt to whatever situation. Nonetheless,
nothing can replace the joy and contact with in person meetings.

| want to thank every single one of the team for your positive input, good spirits and good ideas.
| look very much forward to a productjwxciting, and joyful collaboration for the next years to
come.

Oslo 27.03.21

Kristina |

.
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SUMMARY

The Precision Health Center for optimized cardiac
careand Innovation (ProCardipis hosted by
Department of Cardiology, Oslo University
Hospital, Rikshospitalet. The scientific idea
behind ProCardiais to develop, test and validate
new toolsthat can reliably predict an individual
patientsd disease progre
sudden cardiac death angrovide a longitudinal
view of past and future care pathway options
enabling optimal disease treatmenin particular,
the opportunity to make use of cutting edge
technology such as artificial irglligence, has the
potential tomake crtical breakhroughs in the
treatment of cardiovascular disease

TheProCardiopartners are Oslo University
Hospital, the University of OsloNorwegian
University of Science and Technolog8grlandet
Hospital HFGE Vingmed Ultrasound AR)ips
AS, Sesam.I@\S, GE Healthcare, Baker Heart
and Diabetes InstituteSimula Research
LaboratoryAS, and MedtronidNorway AS.

At ProCardio, researchers and industrial partners
work together to ensure that our ideas turn into
products that benefit patients. Researcherms f

Oslo university hospital, UIO, NTNU, SIMULA, and
Sgrlandet Sykehus work together with GE,
producing cardiac ultrasound devices, Medtronic
developing implantable defibrillators, and DIPS,
providing patient record systems. Furthermore, our
partnership vih SESAM ensures secure data
processing. The Baker Institute from Australia will
provide a comprehensive clinical database for
ProCardio artificial intelligence systems. Together,
we will improve the prognosis of heart disease
patients.

OBJECTIVES

The pimary objective of the ProCardio Centées
to create a clinically driven, validated ICT
platform for cardiology that will enable a step
change in individualized healthcare, providing
the best possil# treatment and risk prevention
by using big data and arificial intelligence.

ssion, esti te risk qf
Based on leading edge research, this platform will
facilitate fusion and analysis of rich and diverse
data, integrating a wealth of available information
into the workflow of clinical cardiology, and tailor
individual care to preveriver and under

treatment.

Some of the members from OUS with Center director,
Professor Kristina Haugaa in fr@apyright: OUS
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RESEARCH PLAN

The mst substantial impact tie Pr&ardio on
Norwegian and European societies will be its
impact on healthcare. In spite of recent advances
leading to decreased mortality rates, CVD remains
the most common cause of death in Norway
accounting for more than one in four deaths. The
as®ciated costs are enormous.

The envisioned uptake of Bardio tools will have
substantial impact for individual patients with
metrics such as cost per Quality Adjusted Life Year
gained. Even more important, these improvements
will benefit patients by

1) improved selection criteria

In order to foster an applicatiedriven mindset
and touncaptechnical syneigs across ongoing
projects, Préardio methodology was designed to
focus on a bidimensional approach concept of

having overticalé researc
target cardiac disease while the technical work will
be coordinated oOhorizonta

crosspollination of breakthroughs and integration of
knowledge in a single platform. Lastly, common
management, codination and knowledg&ransfer
mechanisms will work across the eoéirger

1.2
1.1 Valvular
disease 2
Mitral

Disease-focused Valvular

research teams disease Coronary 3 4

2) individually optimized treatment

Transversal technical
work-packages

Aortic annulus artery Arrhythmias Cardio

stenosis disjunction disease and athletes myopathies

»Y

3) more accurate followps
4) reduced hospitalization stays and procedures

5) personalized advise on health bringing activiti
e.g. exercise

ProCardio will have governing structures and
operating mechanism that will guarantee a
targeted effort to produce results that can be
exploited by the partners and lead to value
creation in Norway, through the engaged industrial
endusersThecenter is also strongly in line with the
strategies of esearch partners (NTNU, SRL, UiO,
OUS) and who are all member of the NHT cluster.
OUS director of Innovationiizvited as part of the
management team to ensure continuous focus on
innovations. Lastly, clalipartners participating in
PraCardiowill bendit from sizeable value pools
from more effective cardiac care.

'WP1: Clinical data
collection & research

WP2: Simulation-based
data augmentation &
therapy optimization

'WP3: Data integration &
platform development

WP4: Data science &
machine learning &
research

WP5: Exploitation

WPé6: Training,
knowledge Transfer &
Dissemination

WP7: Admin &
Management

Thebidimensionahodel with vertical clinical
targets and horizontal technical targets.

To reach ouobjectives and milestones, ®aodio
activities are organized in aeparate document
(Work Plan) thaisannuallyreported. A group
leader with expertise in the field is leading each
research team and wofsackage.

-
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ORGANISATION

STRUCTURE

The center directpKristina Hauga#s responsible
for heading the center management, for providing
research funding and controlling costs, fo
maintaining research progreptanning and
reporting to the board, the partners, and RCN, and
for timely and adequate progress of doctoral
educaton. In addition, the center director will be
assisted by the Scientific and Technical Manager
who will be responsible for coordinating work of
the teams.

Each clinicahskgroup (T) is lead by clinical
research and innovation deputies, liaising with WP
leaders which ensure transversal synchronization of
technical work among the different teains

parallel, exploitation, dissemination and innovation
activities will be supervised by designated
managers, namely Gunnar Hansen (GEVU), Thor
Edvarsen (UiO) dma representative from OUS
Dept. of Innovation, Christian Skattum. Dr. Mary
Maleckar from SRL wdlttas a Scientific &
Technical Manager and Maria Christiuud is the
Administrative Gadinator.

ProCardio will be governed by a board composed
of a member appointed by each of the core
partnersd GEVU, OUS, SS, MDT, SRL, UiO and
NTNU- and the chairman shall be a representative
of GEHC (Eigil Samset, Chief Technology Scientist,
CardiologySolutions hence providing vote

majority to user partners as negsted in the SFI
guidelines.

Chair Eigil Samset
All Partners

Advisory Board
External group

Center Director
Kristina Haugaa

Scientific and
technical
management

manager
Thor Edvardsen

Exploitation Admin
/Ilnnovation Coordinator

Gunnar Hansen / X
Christian Skattum Maria Ruud

Molly Maleckar /

Helge Skulstad

‘ 1.2

Kristina Haugaa

T2
Thor Edvardsen

@yvind Lie

. 1 \

Nina Hasselberg

Sebastian Savari

H‘I

- WP1 WP 2 3 WP 4
T11-T5 Molly Maleckar Eigil Samset asse Lovstakken

The organizational map of ProCardio

ProCardio board

Bjern Bendz, OUS

Axel Borge, Sesam

Liv Bollvag, DIPS

Mirco de Melis, Medtronic

Rune Wiseth, NTNU

Hilde Nebb, UiO

Samuel Wall, Simula

Gunnar Hansen, GE Vingmed

Tom Marwick, Baker [nstitute

Eigil Samset (Chairman), GE Healthcare

Michael Band, Mass General Bigham
Harald Brunvand, Seriandet Sykehus HF

The ProCardio board

9
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Center Director

Kristina Hermann Haugaa,
MD, PhD, FESC, Head of
Outpatient Clinic and Genetic
Cardiac Diseases, Departmen
of Cardiology, Oslo

University Hospital,
Rikshospitalet. Associate
professor at the Institute of Clinical Medicine,
University of Oslo.

Kristina Haugaa is th@enterdirector at ProCardio
Center for Innovation, an SFnterfor research
based innovation funded by the Resgma€ouncil

of Norway. Dr. Haugaa is a board certified
specialist in Internal Medicine and Cardiology. Her
research is focused on developing risk stratifying
tools for life threatening ventricular arrhythmias
and sudden cardiac death and managernef
genetc cardiac diseases.

Dr. Haugaa habas supervised and eupervised
>15 PhD candidates to complete their thesis. She
has twice been awarded the teacher of the year
by medical students.

She has over 200 international scientific
publications in peereviewed journals. She was
awarded with Oslo
Career Award in June 2018 for her excellent
research and leadership skills and with the
Research prize from the Norwegian Society of
Cardiology in 2020

Haugaa is the academic Secretarytioé European
Heart Rhythm Association (EHRA) and member of
the EHRA executive board..

Kristina Haugaa is also the chair of T1.2 on Mitral
Annulus Disjunction.

Uni ver

Dissemination Manager

Professor Thor Edvardsen, MD,
PhD, FESC, FEACVI, the EAC\
PastPresident 20222. He is
Director, Dept. of Cardiology at
Oslo University Hospital in
Norway and a professor at the
Institute of Clinical Medicine at
the University of Oslo.

He has published more than 300 international
scientific publications in pemviewed journals,

and more than 20 book chapters and books.
Numerous of these articles are published in
Circulation, Journal of the American College of
Cardiology, European Heart Journal and other
prestigious journals in cardiology. Average impact
factor pr article is 7.5 and Hirsch index is 60 by
Clarivate Analytics, Web of Knowledge.

He has supervised and-sapervised 25 PhD
candidates to complete their thesis, and is active in
clinical and experimental research in the area of
myocardial function. Edigsen has extensive
knowledge of cardiac ultrasound, CMR, CT and
hemodynamics.

Thor Edvardsen is also the chair of T2 on coronary

syndtopnesHos pi t al 6s Early

e
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Board Chair

Prof. Eigil Samset is the Chief
Technology Scientist in GE
Healthcare Cardiology
Solutions.

He is responsible for technology development,
artificial intelligence and digital transformation for
the cardiology care area across all product lines in
GE Healthcare. He has been with GE Healthcare
for 10 years, driving strategic direction for Al in
cardiovascular ultrasound and building strong
partnerships both clinically, technologically and
commercially. Eigil Samset has a strong clinical
background, spending 11 years in clinical research
departments at Oslo University Hospital, Harvard
Medical Schoand Stanford University Hospital
with research in MRI, CT and ultrasound. He holds a
PhD in MRI and is a professor in medical imaging.

Eigil Samset is also the chair of WP ata
integration & Platform development.

Innovation Manager

Christian Skattum, Cand polit.
Head of innovation unit at
Oslo University Hospital

N\

As head of the innovation unit at OUH | work in
close collaboration with all our clinics and the top
management of the hospital to explore both
commercial and nesommereil opportunities for
service innovation and product innovation. Our
objectives are to link people and projects across
the hospital with external partners and take
innovation from idea to implementation. Together
with the ProCardio team we work to fulfilet

vision of research based innovation to improve
patient treatment and sustainable healthcare
services at the Oslo University Hospital.

Scientific and technical
management

Molly Maleckar, PhD, is a
Research Professor at Simula
Resarch Laboratory. .
Molly Maleckar is a primary 4#
Piinciple Investigator and the Rrardio Technica
Coordinator as a member of the Management
Group.

Dr. Maleckar counts with long and successful
experience in leading scientific teams and directing
large scietific efforts both at Simula and at
renowned international institutions, including tenure
at the Allen Institute in Seattle, WA, and co
leadership of a recently concluded Marie Curie
Training Network (ARibrainNet) and co
management of a Norwegian Cenfor Research
based Innovation (Centre for Cardiological
Innovation). She has led orled numerous
international projects with European and North
American partners in both national and pan
European funding instruments.

Dr . Mal ec k ar 0 sthePxofadiot i s e
Centreds goals: central t
the use of mulicale computation and simulation of

the heart to lend mechanistic insight to ischemic

heart disease, fibrotic disease, and atrial

fibrillation. Her aim is to further coapghese

powerful, biophysicaltpased simulation

technologies to advances in machine learning to
improve diagnosis and prognosis in the clinic,

making her welsuited to drive this effort in

ProCardio. Furthermore, her current leadership on
national and iternational scientific boards will
augment the Centreds i
connection to other synergistic efforts.

mp a

Molly Maleckar is alsthe chair of WP2
Simulatiotbased data augmentation & therapy
optimization.

, SO
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Exploitation Manager

Gunnar Hansen (MSc) is the
Global Clinical Research
Manager for GE Cardiovascular
Ultrasound working at GE
Vingmed Ultrasound R&D head|
quarter in Horten. '

He has 36 years of experience in different roles
within ultrasound R&D, marketing, and customer
suppot. The last 2 decades he has been working to
build GE CV Ultrasound global research program
with external technical and clinical research
partners to build GE brand and new product
sdutions to the market.

InProCardiohe will serve as Exploitation
Manage, focusing on commercialization of results
from the progam for the industrial partners.

He will also represent GE in several work
packages. He also served as chairman of the
board for the previous SFI with OUH (8Clenter
for Cardiological Innovation)

T 1.1Valvular diseasechair

Helge Skulstad, MD, PhD, FES(
FEACVI, Head of Section of
Cardiac Function, Department
of Cardiology, Rikshospitalet,
OUH. He is also an Associate
Professor at Institute of Clinical '
Medicine, University of Oslo

and Associated Editor in Scandinavian
Cardiovascular Journal.

Cand med, University of Oslo, 19%hD,
University of Oslo 2006:
function of normal andchemimyocardium. A
clinical and experi ment al
certificate in Internal Medicine in 2000 and

Cardiobgy in 2006.

He has over 70 papers international scientific
publications. His main topics of research is cardiac
function by echocardiography, cardiac mechanics,
dyssynchrony and congenital heart disease.

Helge Skulstad is group leadef T1, Valvular
disease, at ProCardio. His main interest in
ProGrdio is to develop automatic detection of
severe valvular heart disease to improve diagnosis
and treatment of these patients.

Copyright: OUS
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T 3 Arrhythmias and T 4 Cardiomyopathieschair

athletes chair

Nina EideHasselberg, MD,
PhD,Department of PhD, Consultant Cardiologist,
Cardiology, Rikshospitalet, Dept of Cardiology, Oslo
Oslo University Hospital University Hospital, Rikshospitalet.

@yvind Haugen Lie, MD,

Nina Hasselberg is leading the Cardiomyopathy
work package at ProCardio Center for Innovation,
an SFI center faesearckbasedinnovation funded
by the Research Council of Norway. As a
postdoctoralesearchershe will onduct research
and supervise Bhstudents in the field of genetic
cardiomyopathies and cardiac imaging.

@yvind Haugen Lie successfully defended his PhD
thesis "Risk stratification and management of
patients with right ventricular arrhythmias" in
December 2018. His supervisors were Associate
Professor Kristina Hermann Haugaa, MD, PhD and
Prdessor Thor Edvardsen, MD, PhD.

ina higellowshioLi ith Prof Dr. Hasselberg is a board certified specialist in
During hisellowshiplLie was awarded with Prof. J. Internal Medicine and @diology. She finished her

Roelandtds Young lnvesti Brd thasls at%gﬁnfv&sit);of)dslo \Bit’ﬁ §ubervisor

original work |.n clinical science at the 2017_ associate professor Kristina Haugaa and professor
EuroEchtmagmg Congress. dhward was given Thor Edvardsen in April 2016. In 2016/17 Dr.

L .r ? ¢ 0_9 niti O_ n o f _t h (_e wo HééseIBetb%szsrgfpo%thoct&él éaﬁ}dﬁjétesat of
exercise intensity and exercise duration in patients University of Pittsburgh Medical Cenittsburgh
withar r hyt hmogenic cardio mYJé’API—?e?rnga?ch is focused on genetic

Lie also won the best poster prize in the session for ~cardiomyopathies, heart failure and using cardiac
OoDi agnostic and t her ape uitmagingfprpredicton af euigamess DrfHgsselberg
cr di ac diseased at t he a hassexeral pablcations in peerdeyed jpungals. ¢
Failure Research Symposium two years in a row. He Hasselberg is an EACVI Education Committee

was give the prize in regq@adddobi%andilas theldime!® " K 0 HO
many are 100 mang Frequent premature Norwegian ambassador of HIT (Heart Imagers of

ventricu l_ ar contra C P To?ngrr%w),lth% {/ohng Xo%lrr]ll}ni{yiof%,&dvﬁfFomf un
and "V-3 QRSduration of premature ventricular 2013-2019

contractions relates to ventricular tachycardia in
patients with outflow tract arrhythmia”,
respectively.

, SO
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T 4 Cardiconcology chair

Sebastian Imre Sarvari, MD, ,\X
PhD, Cardiologist, Cardio %

A - (A

oncologist at Echo lab. ahe Departmenf of
Cardiology, Oslo University Hospital,
Rikshospitalet.

Sebastian Imre Sarvari is the leader for the
Cardio-oncology work package at ProCardio
Center for Innovation, an SFI centerésearch
basedinnovation funded by the Research Cibunc
of Norway.

Dr. Sarvari is a board certified specialist in Internal
Medicine and Cardiology. He has been a
researcher with main focus on cardiac imaging,
cardio-oncology and sports cardiology at the Dep.
of Cardiology, OUS, Rikshospitalet since 2009 and
completed his Ph.D. in 2013. He was a
postdoctoral candidate at Hospital Clinic,
Barcelona, Spain in 2012015. He has over 40
international scientific publications in peer
reviewed journals. He is the consultant cardio
oncologist since January 2018 at thep. of
Cardiology, OUS, Rikshospitalet.

WP 4Data science &
machine learning &
research chair

Lasse Lagvstakken, PhD,
Professor, DeptCirculation
and Medical Imaging,
Norwegian University of Science and
Technology

Lasse Lgvstakken is a professor and the head of the
ultrasound research group at the Dept. of
Circulation and Medical Imaging, NTNU. He also
has a central role in the Centre of Innovative
Ultrasound Solutions, anrgwing SFI hosted by the
NTNUultrasound group. Lavstakken finished his
engineering PhD in 2007 in medical technology at
NTNU.

He is a former recipient of the Young Research
Talent grant from the Norwegian Research Council,
and a former member of the NTNU Outstanding
Academic Fellowwogram. His research efforts

are in medical ultrasound imaging, with interests in
image formation, signal processing, machine
learning, and visualization. Clinical applications
have been mainly in cardiovascular disease. He has
published > 60 papers imternational journals, is
coinventor of 3 patents in the field of medical
ultrasound imaging, and has supervised 6 PhD
students to completion as main supervisor.

Copyright: OUS
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Admin Coordinator

Maria Christine Ruud, MSc,
ProCardio coordinator,
consultant atthe Department
of Cardiology, Oslo
University Hospital.

Maria Christine Ruud earned her Master of
Biomedical Science at Katholieke Universiteit
Leuven (KU Leuven), Belgium. Her thesis, titled
"Genetic editing of Smads" focused on genetic
modifications ofmad proteins of the T

pathway, using the CRISPR/Cas9 system and was
conducted at Tsinghua University in China during a
6-month research exchange.

In August 2019 she joined Kristina Haugaas team,
Research Group for cardio genetics and sudden
cardiacdeath as a consultant and she will take on
the role as a coordinator for the newly started SFl,
ProCardio Center for Innovation.

Copyright: OUS

PARTNERS

ProCardio will leverage the combination of leading
research institutes and foreframustrial health

tech providers, all under the clinical guidance of
award-winning cardiologists at Oslo University
Hospital (e.g. Kristina Haugaa; ERET on
Cardiovascular Diseases, with several awarded
Early Career Scientists, and Thor Edvardsen,
electal president of the European Association for
Cardiovascular Imaging). In addition, it will build
from the achievemerftem the Center for
Researcibased Innovation (SFI) Center for
Cardiological Innovation, a highly successful SFI
with excellenachievemds;patents and a proven
record of accomplishmentbring innovabns to
market. In addition, P@ardio will build on the SFI
Centre for Innovative Ultrasound Solutions (CIUS,
2016- 2023), as well as Center for Biomedical
Computing (SFF, 20@D17)d henceproviding
extensivaesearch capacity to suppd®tr o Car di o @
ambitious vision.

TheProCardidCentelis comprisedf 11
partners witUS being the host partner:

c\ Oslo
universitetssykehus

Partner nameOslo University Hospital

Knowledgel) Dept of Cardiology at OUS is the
largest interventional department in the Nordic
countries with more than 4100 PClIs and 1600
ablations every year, 2) Front line cardiac resedrch
player and worldclass clinical expertise; 3) hosted
the SFI Center of Cadogical Innovation, which
was a highly successful SFI

Resources) Infrastructures to host the @aodio
center b) administrative support towards daily run
of thecenter c) image and EMR data (>1000
patients)

-
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Scientific partners

€) Baker simula

Partner nameThe Baker Heart and Diabetes Partner name: Simula Research Laboratory AS
Institute

Knowledgel) Acknowledged as €entre of
Knowledge1) Outstanding diabetes & cardiac Excellence (SFF, the Center for Biomedical
research center, with globékibility, contributing Computing) , 2) Mathematical growth models fgr
to PraCardio with strong complementary expertise cardiac physiology, growth, and remodeling, 3)
in the field of cardieoncology data-driven models and analysis for risk

\"ZJ

prediction; 4) Computational Cardiology Model
for biophysical simaiion

Resources) Extensive clinical ddtase of multi
modal data

Resources: a) Access to large computational cluster

facilities for training and deployment of resourcg

E NTNU intensive algorithms and models

Norwegian University of
Science and Technology

Partner name: Norwegian University of Sciencel and

Technology

Knowledge1) Acknowledged as a S&énterfor e e SORLANDET SYKEHUS
Innovative Ultrasound Solutions (CIUS); 2) Extgnsive

knowhow on medical imaging technology, in Partner name: Sgrlandet Hospital

particular ultrasound) expertise in artificial
intelligence and machine learning algorithms; 4
Centre of excellence for translational medical
research at the interface of epidemiology, gene
statistics, bioinformatics and systems biology

Knowledgel) Leading clinical and experimenta
research expertise in the ar®f myocardial
function; 2) Extensive haraisexperience on
clinical trials to assess new diagnostic technologies
and therapies (e.g. we established the IMPROVE

Resources: a) Extensive datalsasith follow up study)
echocardiographic studies and outcome data; b
Computational infrastructure to train and run
resourcantensive Al algorithms; c) Databases 0
genetic markers to be coupled with cardiac
imaging in HUNT database and its digital
infrastructre, and also a substantial number of
other omics data such as Nliged metabolomicp
CVDrelated protein arrays, transcriptomics and
other targeted protein biomarkers.

CS,

Resources: a) image data and EMR data (>20Q0
patients); b) inclusion of cardiac patgewith heart
failure and myocardial infarction in ongoing anc
future research projects

=)
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Partner name: University of Oslo

Knowledgel) Oldest and largest research and
educational institution in medicine in Norway, 2)
K.G. Jebseentre for Cardiac Research is a
global reference in the field of cardiology,
combining outstanding Pls with an extensive
international network of research partners

Resources: a) PhD training for &idSted
researchers

Industrial partners:

YDIPS

Partnemame: DIPS AS

Knowledgel) Leading supplier of patient
electronical medical records software solutions to

Norwegian hospitals; 2) Expertize in eHealth, data

integration activities and IT platform development

Resources: a) access to DIPS Ararfally
integrated patient record system including closéd
loop medication, charting, booking and planning,
electronic document workflow, CPOE, multimeflia
and reporting

Partner name: GE Healthcare

KnowledgeWorld class design and manufacturing
of diagnostic imaging and monitoring systems; 2)
Extensive expertise in cardiology diagnostics,
artificial intelligence development for imaging and
waveforms, together with deep market
understanding

Resources: a) Direct access to access to Edison Al

Workbench; bJasttrack integration of innovatior|s
into commercial products and application to other
imaging modalities beyond ultrasound

Partner name: GE Vingmed Ultrasound

GE Vingmed Ultrasound

KnowledgeG E desiterof excellence on ultrasound
engineering; 2) Worlgtlass knowow in
cardiovascular ultrasound acquisition, processirg
and analysis, speckteacking and strain imaging,

artificial intelligence in ultrasound, 3D visualization

and quantification; 3) Extewmsiinsight on
regulatory requirements and ultrasound market
intelligence

[oX

Resources: a) provide ultrasound equipment an
software to the center to ensure successful
execution of clinical projects and data acquisition;
b) Through the Developer Partnershiggkam
i ndustrial
i nnovati

=)

s

ono, which al

GEHC Marketplace

, SO

Annual Report | 2020 procardio Center for Innovat

partners cf@an
oOWwWS
distributed to the GEHC installed based through the

b

e NnE




