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“lam delighted to

see the unwavering
committment from all
partners and the great
plans we have for the
upcoming years”



summary

One of the most significant milestones of 2025
was the successful mid-term evaluation of
ProCardio, culminating in the Research Council
of Norway'’s decision to extend our funding

for the remaining four years of the SFI period.
The Portfolio Board for Innovation emphasized
the quality of our work and confirmed that the
centre will continue under the current contract.
This achievement is the result of remarkable
teamwork—from the thorough preparations

in the second half of 2024 to the strong
engagement during the panel visit in March.

Based on the responses from the panel, we
organized a day away for all ProCardio leaders
and senior researcher, where the aim of the day
was to stake the course and focus our work
moving forward for the remining SFI period.

In the fall we organized our annual ProCardio
meeting with great attendance. We were also
well represented at a variety of national- and
international conferences, where ProCardio
members were active with abstracts,
presentations, networking, and learning.

In 2025, ProCardio achieved nearly 50 scientific
publications and close to 100 disseminations,
alongside 15-20 media appearances. We have
welcomed several new members, and we truly
look forward to getting to know you better,
connect, collaborate, and grow together.

A total of seven PhD fellows successfully defended

their theses in 2025—congratulations to John
Nyberg and Artem Chernyshov (NTNU), Lena
Myklebust and Julie Uv (Simula), and Jorun
Tangen, Tove-Elizabeth Hunt and Christian K.
Five(OUH).

ProCardio members received several prestigious
awards in 2025. A special congrats to Professor
Lasse Lagvstakken (NTNU), winner of the Research

Prize at the Norwegian Society of Cardiology
(NCS) Fall Meeting; PhD fellow
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Bendik Skinningsrud, recipient of the Best
Abstract award at the same meeting; and medical
research student Cordelia Hellstrand, honored
with the Best Presentation prize at the “Frampeik
2025” seminar.

Kristina Haugaa chaired the ESC Task Force

for the new European guidelines on heart disease
and pregnancy, presented at the ESC Congress
in Madrid and simultaneously published in the
European Heart Journal (EHJ) in August 2025.
Nina Eide Hasselberg served as coordinator for
the guidelines, and Mette-Elise Estensen was a
member of the Task Force. Congratulations to all
on this impressive and persistent effort!

Another highlight of the year was GEVU’s
launch of the new ultrasound system Vivid
Pioneer at the ESC Congress in Madrid—

an exciting milestone for innovation in
cardiovascular imaging.

We have strengthened our innovation focus,
working with several DOFIs. All members
engaged in sessions at Soria Moria to advance
1-2 projects for dedicated sprints.

We extend our sincere thanks to all partners
and contributors. Your efforts have strengthened
ProCardio and helped us move closer to our
shared goals within the field of Cardiology. We
look forward to continuing this exciting journey
together.

Director Kristina Haugaa
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Objectives and research plans

Objectives and
research plans

The center was established to create a
clinically driven, validated ICT(information

and communications technology) platform for
cardiology that will enable a major change in
individualized healthcare, providing the best
possible treatment and risk prevention by using
big data and artificial intelligence. 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 prevent over- and
under-treatment.

The most substantial impact of the ProCardio

on Norwegian and European societies will be its
impact on healthcare. In spite of recent advances
leading to decreased mortality rates, cardio
vascular disease remains the most common
cause of death in Norway accounting for more
than one in four deaths.

The envisioned uptake of ProCardio 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

2. Individually optimized treatment
3. More accurate follow-ups
4

Reduced hospitalization stays and
procedures

5. Personalized advise on health bringing
activities 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 end-users.

The center is also strongly in line with the
strategies of research partners (NTNU, SRL,
UiO, OUH) who are all member of the Norway
Health Tech cluster. OUH director of Innovation
is invited as part of the management team to
ensure continuous focus on innovations. Lastly,
clinical partners participating in ProCardio will
benefit from sizeable value pools from more
effective cardiac care.

In order to foster an application-driven mindset
and to uncap technical synergies across ongoing
projects, ProCardio methodology was designed
to focus on a bidimensional approach concept
of having “vertical” research teams focusing

on a target cardiac disease while the technical
work will be coordinated “horizontally” to
enable crosspollination of breakthroughs and
integration of knowledge in a single platform.

Lastly, common management, coordination and
knowledge-transfer mechanisms will work across
the entire center.



Objectives and research plans

Organization
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Transfer & Dessemination

WP7: Admin & Management




Organization

ProCardio is hosted by Oslo University

Hospital. In addition to the host institution,

the consortium consists of nine partners

from both research and industry. ProCardio

is located at the Oslo University Hospital,
Rikshospitalet, with the physical hub located at
Domus Medica (DM4/The University of Oslo) at
Sognsvannveien 9 (entrance from Gaustadalléen
34).

The center director, Kristina Haugaa, is
responsible for the center management. She is
assisted by the management team. Each clinical
task group (T) is led by clinical research and
innovation deputies, liaising with WP leaders
which ensures transversal synchronization of
technical work among the different teams.

Board

Advisory Board

External group

By the end of 2025, task group leaders are

Jan Otto Beitnes (T1.1), Cecilie Bugge (T1.2),
Mette-Elise Estensen (T2), Eivind Westrum Aabel
(T3), Nina Hasselberg (T4) and Sebastian Sarvari
(T5). In parallel exploitation, dissemination

and innovation activities was supervised by
designated managers, Bard Moseng (GEVU),
Christian Skattum, our representative from

OUH Dept. of Innovation and our Key Account
Manager Helene B. Dugstad from INVEN2.

Molly Maleckar from SRL acts as Scientific &
Technical Manager coordinating the work of the
technical teams. Siri Holm Solberg functioned as
Administrative Coordinator.

Chair Eigil Samset
All partners

Center Director
Kristina Haugaa

T1.1
Jan Otto Beitnes

T1.2
Director of Cardiological — Cecilie Bugge
Research Scientific and technical T2

Nina E. Hasselberg

management
Molly Maleckar

Mette-Elise Estensen

Director of Trials — e Ei e
Eivind W. Aabel ivind Aabe
WP Exploitation/ T 4
Innovation/Dissemination Nina Hasselberg

Admin Coordinator
Siri Holm Solberg

Bard Moseng/Christian Ts
Skattum/Helene Dugstad

Sebastian Sarvari

WP 2
Molly Maleckar

WP3
Morgan Jakobsen

WP 4
Lasse Lgvstakken




Organization

Boards of directors

ProCardio is governed by a Board of
Directors, for which representatives have

Eigil Samset, GE Healthcare, Chair
e Bjgrn Bendz, OUH

been appointed by each of the partners. The e LivBollvag, DIPS

Board comes together twice a year to discuss

the Center’s development, financial aspects, e  Mirco de Melis, Medtronic
and admlnlstra.mtl.ve issues. Mapy of the boa,rd e Rune Wiseth, NTNU
members participate actively in the Center’s

research activity and their expertise is of e Jan G. Bjilie, UiO
uttermost importance for the development

of future technology within ProCardio. The e Samuel Wall, Simula
Center’s Board of Directors consists of the . .
following members appointed by the consortium *  BardMoseng, GE Vingmed
participants: e Daniela Melichova, Sgrlandet Sykehus HF

e Tom Marwick, Baker Institute




Partners

Partners

The ProCardio Center for Innovation was originally comprised of 11 partners with OUS being

the host partner. Each partner represents a unique and required element in the research and
development chain leading to the industrial innovations targeted by ProCardio. After Sesam
withdrew from the consortium in September 2024, there are now 10 active partners in the center.

@ OSLO UNIVERSITETSSYKEHUS \\
°

Knowledge:

1. Dept of Cardiology at OUS is the largest
interventional department in the Nordic
countries with more than 4100 PCls and
1600 ablations every year

2. Front line cardiac research player and
world-class clinical expertise;

3. hosted the SFI Center of Cardiological
Innovation, which was a highly successful
SFI

Resources:
a. Infrastructures to host the ProCardio center

b. administrative support towards daily run of
the center

c. image and EMR data (>1000 patients

| UiO University of Oslo

Knowledge:

1. Oldest and largest research and educational
institution in medicine in Norway

2. K.G. Jebsen Centre for Cardiac Research is
a global reference in the field of cardiology,
combining outstanding Pls with an
extensive international network of research
partners

10

Resources:

a. PhD training for OUS-hosted researchers

@ NTNU

Knowledge:

1. Acknowledged as a SFI center for
Innovative Ultrasound Solutions (CIUS);

2. Extensive know-how on medical imaging
technology, in particular ultrasound;

3. expertise in artificial intelligence and
machine learning algorithms;

4. Centre of excellence for translational
medical research at the interface of
epidemiology, genetics, statistics,
bioinformatics and systems biology

Resources:

a. Extensive databases with follow up echo-
cardiographic studies and outcome data;

b. Computational infrastructure to train and
run resource-intensive Al algorithms;

c. Databases on genetic markers to be
coupled with cardiac imaging in HUNT
database and its digital infrastructure, and
also a substantial number of other omics
data such as NMR-based metabolomics,
CVD related protein arrays, transcriptomics
and other targeted protein biomarkers.



Knowledge:

1. Outstanding diabetes & cardiac research
center, with global visibility, contributing
to ProCardio with strong complementary
expertise in the field of cardio-oncology

Resources:

a. Extensive clinical database of multi-modal
data

e SORLANDET SYKEHUS
°

Knowledge:

1. Leading clinical and experimental research
expertise in the area of myocardial function;

2. Extensive hands-on experience on clinical
trials to assess new diagnostic technologies
and therapies (e.g. we established the
IMPROVE study)

Resources:
a. Image data and EMR data (>2000 patients);

b. inclusion of cardiac patients with heart
failure and myocardial infarction in ongoing
and future research projects.

simula
Knowledge:
1. Host of several SFF, SFI, and EU networks

focused on excellence in biomedical
computing and computing in cardiology,

1

Partners

2. Mathematical growth models for cardiac
physiology, growth, and remodeling,

3. data-driven models and analysis for risk
prediction;

4. Computational Cardiology Models for
biophysical simulation

Resources:

a. Extensive clinical database of multi-modal
data

%Medtronic
Knowledge:

1. World’s largest medical technology
company, offering a large breadth and
depth of innovative therapies, including
forefront treatments for cardiac and
vascular diseases;

2. extensive expertise in clinical trial protocol
development and implementation;

3. VBHC approaches for therapy optimization
and chronic care programs;

4. Manufacturing of devices (both for
delivering therapies as well for diagnostic
purposes (sensors)

Resources:
a. Access to state-of-the-art medical devices;

b. capable of designing and building
custom-made devices addressing the
needs of individual or groups of patients
according to the specifications provided by
a physician/project.



Partners

GE HealthCare

Knowledge:

1.

World class design and manufacturing of
diagnostic imaging and monitoring systems;

Extensive expertise in cardiology
diagnostics, artificial intelligence
development for imaging and waveforms

Deep market understanding

GE’s center of excellence on ultrasound
engineering;

World-class know-how in cardiovascular
ultrasound acquisition, processing and
analysis, speckle-tracking and strain
imaging, artificial intelligence in ultrasound,
3D visualization and quantification;

Extensive insight on regulatory
requirements and ultrasound market
intelligence

Resources:

a.

Fast-track integration of innovations into
commercial products and application to

other imaging modalities beyond ultrasound

provide ultrasound equipment and
software to the center to ensure successful
execution of clinical projects and data
acquisition.

12

YDIPS

Knowledge:

1.

Leading supplier of patient electronical
medical records software solutions to
Norwegian hospitals;

2. Expertise in eHealth, data integration
activities and IT platform development

Resources:

a. Access to DIPS Arena - a fully integrated

patient record system including closed loop
medication, charting, booking and planning,
electronic document workflow, CPOE,

multimedia and reporting.



Cooperation between partners

Cooperation between
partners

The partners at ProCardio bring key competences to the joint projects, enabling everyone

in ProCardio to effectively pursue the collective goals. To ensure effective dissemination of
management goals and coordination of efforts among the partners, an integrated meeting

schedule has been established. This includes weekly meetings within individual project teams,
biweekly meetings among management and PhD-students, and bimonthly meetings among T-and
WP-leaders. The supervisory board normally meets bi-annually, in sync with the planned training
and dissemination workshops. ProCardio holds two annual workshops, one in the spring and one

in the fall, focusing on innovation, research and collaboration. Due to the underway assessement
process and the unknown outcome of the evaluation, the 2025 spring board meeting was cancelled.
The annual spring workshop was replaced by a Day away for the ProCardio leaders, in order to
discuss feedback from the underway assessment and stake the course for the remaining SFI period.

Collaborative meetings between ;
partners. OUH and DIPS (top), and =
OUH, NTNU and Simula (bottom). |

|
>
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Cooperation between partners

Day away - June 13*"

All leaders and senior researchers were gathered for a workshop to discuss future focus areas.

The Board leader Eigil Samset hosted a brainwriting session.

14



Cooperation between partners

Fall workshop September 18th — 19th

The annual ProCardio Fall meeting took place at Askeladdens Hus, Soria Moria Hotel in Oslo.

The workshop featured project updates from all T- and WP-leaders, based on the brainwriting
session and the priorities identified by leaders and senior researchers during the day away.

All participants engaged in innovation workshops, each

ending with a 30-second elevator pitch. The aim was to
identify the two to three key projects to prioritize in the
innovation sprints planned for the first half of 2026.

We held the second edition of the ProCardio Games, and
after a wonderful meal we ended the evening on a joyful
note with karaoke.

Day two was primarily dedicated to thematic
group work aimed at planning continued project
collaboration in 2026. Camilla Lien Sandnes from
the Research Support Office also provided an
excellent introduction to funding opportunities,
which will be important for sustaining activity after
the SFI period concludes.

E
E
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Scientific Activities and Research

Scientific Activitites
and Resedrch

Disease Progression

in Exercise-Induced

Arrhythmogenic Cardiomyopathy Compared

With Arrhythmogen

ic Right Ventricular

Cardiomyopathy

Linda T Aaserud, Christine Rootwelt-Norberg, Paul A S Olsen, Christian K Five,
Anna | Castrini, Eivind W Aabel, Kristina H Haugaa, @yvind H Lie

Several studies have described exercise-induced
arrhythmogenic cardiomyopathy (EiAC) as

a potential acquired condition in endurance
athletes with phenotypic similarities to

the inherited disease arrhythmogenic right
ventricular cardiomyopathy (ARVC), but
differences in disease progression between
these entities remain poorly understood.

This longitudinal cohort study included 41 EiAC
patients who were competitive endurance
athletes (>24 MET-hours/week for >6
consecutive years) referred due to ventricular
arrhythmias (VA), without inherited or genetic
factors or other evident causes. For comparison,
125 genotype-positive ARVC patients with

a definite diagnosis and their genotype-pos-
itive family members were included. Disease
progression was assessed by serial echocardio-
graphic examinations and incident documented
VA during long-term follow-up.

In total, 730 echocardiographic examinations
were analyzed. Right ventricular structure and
function remained stable in EiAC patients,
whereas ARVC patients demonstrated
progressive structural and functional
deterioration. Despite these differences, the
cumulative incidence of VA at 5 and 10 years
was similarly high in both groups. These findings
suggest that EiAC patients remain at arrhythmic
risk even in the absence of measurable structural
or functional progression, highlighting the need

16

for continued clinical follow-up with particular
attention to rhythm monitoring.

CENTRAL ILLUSTRATION: Disease Progression in Exercise-Induced
Arrhythmogenic Cardiomyopathy and Arrhythmogenic Right
Ventricular Cardiomyopathy

Proportion of Patients Free From
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Aaserud LT, et al. JACC Cardiovasc Imaging. 2025;18(8):853-863.

This study was published as an orginal research
article in JACC:Journal of Cardiovascular Imaging in
August 2025 10.1016/j.jcmg.2025.03.018



https://www.jacc.org/doi/10.1016/j.jcmg.2025.03.018

Scientific Activities and Research

Management of arrhythmias in mitral valve
prolapse: Are we making the right choices for
our patients?

Cecilie Bugge, Christian K. Five, Julie Bergh, Anna Isotta Castrini, Nina E.
Hasselberg, Lars A. Dejgaard, Kristina H. Haugaa, Eivind W. Aabel

USE OF ANTIARRHYTHMIC MEDICATION IN PATIENTS WITH MITRAL VALVE PROLAPSE

0000

LAY

119 Patients

Distribution of antiarrhythmic
medication in 302 Holter monitorings
1%

49 2%

1

No medication - Non-dihydropyridine
I Betablocker calcium channel blocker

Sotalol
I Flecainide u
[l Dronedarone

For patients with mitral valve prolapse (MVP)
there is no established medical therapy to
suppress ventricular arrhythmias and relieve
arrhythmic symptoms since antiarrhythmic
medication for MVP has not been evaluated in
randomized controlled trials.

This was a retrospective longitudinal
observational study where we aimed to evaluate
the antiarrhythmic drug use for ventricular
arrhythmias in MVP patients, and to assess the
potential efficacy of different antiarrhythmic
medications on the reduction of ventricular
arrhythmias. Premature ventricular complexes
(PVCs) and non-sustained ventricular tachycardia
(NSVT) burden were assessed by repeated
Holter monitorings. Patients undergoing mitral
valve surgery or catheter ablation treatment
were censored from follow-up analysis from the
time of the procedure.

199 MVP patients (median age 46 years

[IQR 35-59], 67% female) with a total of 302

Holter monitorings was included. Betablocker
was the most commonly used antiarrhythmic
medication (137 Holter monitorings [45%] in

Difference in absolute burden of premature ventricular complexes (PVC)

Betablocker
Flecainide
onitorings

Non-dihydropyridine
calcium channel blocker

Sotalol
ERORItOFIH

Dronedarone

per 24 hours (%) compared to no medication
—— 0.1 % per 24 hours [-1.0, 1.2]
-2.2 % per 24 hours [-4.2 , -0.3]

1.6 % per 24 hours [-1,3, 4.5]

-2.8 % per 24 hours [-6.6, 0.9]

0.3 % per 24 hours [-5.2, 5.8]

Decreased PVC burden  No difference Increased PVC burden
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64 [54%] patients), followed by flecainide (38
[13%) in 13 [3%] patients), non-dihydropyri-
dine calcium channel blocker (11 [4%] in 4 [3%)]
patients), sotalol (7 [2%] in 2 [2%] patients)
and dronedarone (3 [1%] in 1 [1%] patient).
Compared to no treatment, only flecainide was
associated with a lower PVC burden (-2.2% per
24 hours [95% confidence interval, Cl, -4.2 to
-0.3], p<0.03), with no increased rate of NSVT
(p>0.05). Regarding NSVT, only sotalol showed
a reduction in NSVT incidence (incidence rate
ratio 0.02 [95% Cl 0.002-0.29], p=0.004).

This study shows that betablocker was the most
commonly used antiarrhythmic medication

in MVP patients but showed no reduction

in ventricular arrhythmias. Flecainide and

sotalol were less frequent used but our study
suggested a reduction in ventricular arrhythmias.
Randomized control trials are needed to

assess the efficacy and safety of different
antiarrhythmic medications in MVP.

This abstract was presented at ESC Madrid 2026
(doi: 10.1093/eurheartj/ehaf784.626.)



https://academic.oup.com/eurheartj/article/46/Supplement_1/ehaf784.626/8309058

Scientific Activities and Research

Characterizing Sustained Arrhythmias in
Patients With Arrhythmic Mitral Valve Prolapse:
Insights From the SAVE-MVP collaboration

Avi Sabbag, Nina Ajmone-Marsan, Fatima Ezzeddine, Guido Ascione, Nicold Azzola

Guicciardi, Pierre Baudinaud, Roy Beinart, Mouna Ben Kilani, Marco Bergonti, Priya
Kumar Bhardwaij, Serge Bovedaq, Csilla Czimbalmos, Luca Cristin, Giulio Conte, Freddy
del Carpio, Francesca Delling, Marta de Riva, Jean-Claude Deharo, William Escande,
Jonaz Font, Deborah Foltran, Federico Guerra, Charles Guenancia, Kristina H. Haugaa,
Christelle Haddad, Alexis Hermida, Olivier Huttin, Peggy Jacon, Alice Krebsovd, Mikael
Laredo, Han S. Lim, Pilar Lépez-Santi, Philippe Maury, Jacques Mansourati, Anat Milman,
Efrat Mazor, Andrea Nagy, Andrzej Przybylski, Magdi Saba, Christian Sohns, Christian
Sticherling, Konstantinos C. Siontis, Rachel M.A. ter Bekke, Romain Tixier, Moshe Rav Acha,
Robin Richard-Vitton, Bo Gregers Winkel, Pierre Ollitrault, Eivind W. Aabel

M-

The SAVE-MVP
Collaboration

P

Older age
VvV 225 AMVP

i patients

@Y 35 centers
""" | 15 countries

= 44years

MM 57% female

CENTRAL ILLUSTRATION: Sustained Ventricular Arrhythmia in AMVP:
Classification, Triggers, Mechanisms and Predictors

rs of Sustained Monomorphic Ventricular Tachycardia

Previous syncope

r:\ Arrhythmic storm
79 Triggered by exercise/stress
Triggered by short-coupled PVC
:: PVC-dependent initiation

Pause-dependent initiation

Sabbag A, et al. JACC Clin Electrophysiol. 2025;10.1016/j.jacep.2025.10.004

Family history of SCD  Myocardial fibrosis

PVT
10%

Arrhythmic mitral valve prolapse (AMVP) is a
cause of sustained ventricular tachyarrhythmias
(VAs) and sudden cardiac death (SCD), but the
arrhythmias remain only partially understood. In
this worldwide collaboration, this study aimed
to characterize the VAs occurring in AMVP

patients, explore factors associated with various

types of sustained VA, and describe common
triggering mechanisms.

We included 225 patients from 35 centers (age
44 + 17 years, 57% female) with AMVP and
documented VA. Clinical and imaging data, and
detailed data of the arrhythmic events were
collected. In addition, electrocardiograms or
intracardiac tracings capturing the arrhythmic
events were analyzed by a core laboratory.
Late gadolinium enhancement (LGE) was found
in 61%. We collected 278 arrhythmic events,
of which ventricular fibrillation (VF) was the
most frequent (65%), followed by sustained
monomorphic ventricular tachycardia (SMVT;
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26%). Triggers were most commonly exercise
or stress (37%), but 31% had no discernable
trigger. SMVT was associated with increasing
age (P = 0.03), family history of SCD (P = 0.03),
history of syncope (P = 0.05), and myocardial
LGE (P = 0.003). Of the 278 events, 140 (50%)
had available tracings, where 25% of events
were triggered by a short-coupled premature
ventricular contraction. Pause-dependent
initiation was most frequent (49%), and more
likely to lead to VF than to SMVT (P = 0.01).

The study concluded that the dominant VA

in AMVP was VF, although SMVT was also
common and associated with older age, family
history of SCD, syncope, and myocardial

LGE. The most common initiation was pause
dependent leading to VF.

This study study was presented in JACC: Clinical
Electrophysiology November 2025 (doi:10.1016/j.
jacep.2025.10.004)



https://www.jacc.org/doi/10.1016/j.jacep.2025.10.004
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Scientific Activities and Research

Generating echocardiograms from sematic

masks using unconditional diffusion models
Sigurd Vangen Wifstad.
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Supervised learning for segmentation This abstract was presented at the Northern Lights
requires manual annotation, which is resource Deep Learning Converence, Tromsg 12.-14. January
demanding. We explore how diffusion models 2025.

can be used to synthesize datasets for
segmentation in echocardiography.

Method: A diffusion model (U-Net, 2M
parameters, T=16 timesteps) is trained on a

large echocardiogram dataset. A semantic mask
S is procedurally generated, displaying various
anatomical features in the heart. S is embedded
in noise with intensity os and taken as the
starting point for the reverse diffusion process at
timestep t=s.

Results: The approach is capable of generating
image pairs for various segmentation tasks.

By intercepting the reverse diffusion process
with a procedurally generated semantic mask,
we obtain segmentation-image pairs without
needing explicit conditioning during training.

Conclusion: Echocardiograms can be generated
from semantic masks using unconditional
diffusion models. The approach enables
semi-supervised learning for segmentation,
requiring less manually annotated images for
training. Further work should improve the
realism of the semantic mask generators and
train the diffusion model on larger and diverse
datasets.
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EasyPISA: Automated real time assessment of
mitral regurgitation from color flow imaging

Sigurd V. Wifstad, Henrik A. Kildahl, Erik Andreas R. Berg, Espen Holte, Bjgrnar
Grenne, @yvind Salvesen, Havard Dalen, Lasse Lavstakken

Mitral regurgitation (MR) is a common condition
where blood leaks through the closed mitral
valve. Accurately determining the severity

of the condition from echocardiography may

be challenging and has a high interobserver
variability. We argue that automating the surface
area measurements can mitigate many of the
intrinsic challenges with manual assessment
using the conventional Proximal Isovelocity
Surface Area (PISA) method on color flow
imaging.

Method: We present EasyPISA: an automated
framework for integrative PISA assessment.

The framework uses a convolutional neural
network trained on 1171 color flow images
from 54 patients with MR to segment the
isovelocity surface of the MR influx (Figure

1a). The isovelocity surface area is estimated

by the surface of revolution, enabling more
accurate surface area estimates compared to
assuming hemispherical isovelocity shells by
PISA. The flow rate is estimated in every frame
by multiplying the surface area with the Nyquist
velocity. The regurgitant volume (RVol) can

be estimated by time integration (Figure 1b),
alleviating the need for integration with CW
Doppler as for standard PISA. Followingly, mean
and variance estimates of the regurgitant volume
can be derived automatically from a series of
heart cycles.
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Results/Discussion: A retrospective analysis

of 26 MR patients (Figure 1c) demonstrated

a good correlation (Intraclass correlation
coeTicient: 0.83) with manual PISA assessment.
The standard deviation across cycles (errorbars)
indicates substantial variation of estimates
throughout the recordings, which is not captured
by the manual approach. Furthermore, EasyPISA
was demonstrated feasible in real time on a
patient with MR (Figure 1d). The real time
application provided running mean, max, and
variance estimates of RVol during acquisition.
EasyPISA demonstrates promising results for
RVol estimation from color flow, enabling
automatic analysis both retrospectively and in
real time, which is more detailed and potentially
more accurate than standard assessment.
Further work will address feasibility on larger
retrospective and prospective cohorts.

This abstract was presented at the International
Ultrasound Symposium (IUS) in Spetember 2025 in
Utrecht, the Netherlands.
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Normal cardiac function but discrete late
gadolinium enhancement findings after
COVID-19 vaccine-associated myocarditis
- a hationwide long-term follow-up study

Bendik Skinningsrud Hagen, Katarina Vlaisavljevic, Lars S. Oppedal, Johannes
Endresen, Vilde Mohn, Kristina Fladseth, Hanne L. Gulseth, David B. Olsen, Hans
Gerhard Suheyl Bosse, Lene Kathrine Ryden Suther, Thomas Moller, Mette Elise

Estensen, Kristina H. Haugaa, Kaspar Broch, Nina E. Hasselberg
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Background and methods: Long-term cardiac
effects of Covid-19 vaccine associated
myocarditis (VAM) have not been systematically
investigated at a population level. This

study iinvestigated cardiovascular long-term
adverse effects of COVID-19 mRNAVAM in a
nationwide follow-up study.

All confirmed VAM cases identified in Norway
between December 2020 and April 2022 were
invited to a follow-up study including clinical
examination, blood tests, arrhythmia detection
by 24hr ECG, echocardiography and cardiac
magnetic resonance (CMR) with late gadolinium
enhancement (LGE). An age- and sex-matched
control group were included for blinded
comparison.

Results: 115 (65%) VAM subjects participated
(76% men, median age 33 and 54 years for
men and women respectively, p < 0.01) for
follow-up examinations 20 (IQR 16-26) months
after VAM. In VAM subjects, ECG showed 99%
in sinus rhythm, with a median 3 (IQR 1-33)
premature ventricular contractions (PVC), per
24 hrs. Troponin and NT-proBNP levels were
normal in 99/115 (86%) (p = 0.14 vs. controls

TAPSE (mm) LAVI (ml/m?)

2]

LGE Number of
present (%) PVCs(n)
u Controls

47/50 [94%]) and 108/115 (94%) (p = 0.08 vs.
controls 50/50 [100%)]), respectively. There
were no differences in left ventricular (LV)
dimensions or function by LV ejection fraction
(EF) between VAM subjects and controls (LV
end diastolic diameter [EDD] 4945 mm vs. 51+4
mm, p = 0.94, LVEF 54+6% vs. 57+4%, p = 0.99).
Although within normal range, absolute GLS was
lower in VAM subjects compared to controls:
GLS -18.0% [IQR -16.2- -19.5] vs. -18.7% [IQR
-17.8- -19.4], p = 0.02). CMR detected discrete
LGE in 28 (43%) VAM subjects, compared to 10
(22%) controls, p = 0.02.

In conclusion the study predominantly revealed
normal long-term cardiac clinical and imaging
findings in subjects with prior COVID-19 mRNA
VAM. There were no significant differences
between VAM subjects and controls regarding
LV dimensions, EF, arrhythmic burden, or
biomarkers. However, VAM subjects had a
higher prevalence of discrete myocardial LGE,
with unknown long-term clinical significance.

Text modified from abstracts presented at ESC
2025 Madrid (Sept 2025) and Norsk Kardiologisk
Hastmate (October 2025)
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Sex-Specific Left Ventricular Shape and
Mechanics Predict Arrhythmia in Mitral Valve
Disease: A Multimodal Statistical Shape
Analysis

Giulia Monopoli, Ingvild Askim Adde, Eva Schuijt, Diana Vucevic, Nina Ziegenbein,
Eivind Westrum Aabel, Margareth Ribe, Anna Isotta Castrini, Nina Hosselberg),
Cecilie Bugge, Christian Five, Kristina Haugaa, Gabriel Balaban, Nickolas Forsch,
Mary M. Maleckar.

Background: In Arrhythmic Mitral Valve
Syndrome (AMVS) patients with mitral valve
disease (MVD) are prone to dangerous
arrhythmias. While AMVS is associated with Left
Ventricular (LV) remodeling, traditional metrics
can fail to capture the complex geometric
heterogeneity of patients at risk.

Objective: We developed a statistical shape
modeling pipeline to quantify 3D LV geometry
and systolic motion from cardiac magnetic
resonance (CMR) imaging in MVD patients,
investigating association with arrhythmia and
the critical yet understudied impact of biological
SEX.

Methods: We analyzed 91 patients with MVD,
including those with documented arrhythmia
(aborted cardiac arrest, ventricular tachycardia).
We generated 3D point clouds from CMR cine at
end-diastole (ED) and end-systole (ES). Principal
Component Analysis (PCA) derived variation
modes for ED shape and systolic motion (ES -
ED).

Motion modes (ES-ED)
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Results: Five ED shape modes and six motion
modes explained >90% and >80% of variance,
respectively. In the total cohort, ED modes M1
(basal dilation) and M2 (sphericity), and motion
modes M3 (reduced longitudinal shortening)
and Mé (posterior-basal "curling") significantly
correlated with arrhythmia (p<0.05). Crucially,
sex-stratified analysis unveiled distinct risk
signatures masked in the pooled cohort. ED
mode M5 (mid-wall asymmetry) exhibited
opposite trends between sexes, distinguishing
arrhythmic status only when stratified. In males,
arrhythmia was associated with motion M4
(abnormal twist dynamics) and M6 (p=0.04,
0.02), whereas in females, risk was driven by
M1 and M3 (abrupt radial contraction) (p=0.01,
0.05).

Conclusion: 3D SSM reveals that arrhythmic

risk in AMVS is linked to specific phenotypes of
basal remodeling and abnormal mechanics rather
than volume alone. The discovery of distinct
geometric risk modes for males and females
highlights the necessity of sex-specific risk
stratification strategies in valvular heart disease.

Figure 1. Principal Component
Analysis (PCA) modes of systolic
motion (ES - ED).

A. The central column represents the
mean geometry at ED.

B. Motion modes exhibited opposite
trends between sexes, distinguishing
arrhythmic status only when stratified.

This abstract was presented at the
annual Computing in Cardiology
Conference 2025 (Sao Paolo,
Brazil) and has been accepted for
presentation at the Heart Rhythm
Society’s Annual Scientific Sessions
2026 (Chicago, USA).
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Automated multimodal quantification to
characterize systolic curling in mitral valve

disease

Giulia Monopoli, Sigurd Vangen Wifstad, Henrik Agerup Kildahl, Cecilie Bugge,
Christian K. Five, Julie Bergh, Nina Hasselberg, Eivind Aabel, Jan Otto Beitnes,
Kristina Haugaa, Lasse Lovstakken, Nickolas Forsch, Mary M. Maleckar.

Background. Systolic curling is a qualitative
clinical hallmark of mitral valve disease (MVD),
including mitral valve prolapse (MVP) and
mitral annular disjunction (MAD), yet it lacks
standardized quantification.

Objective. We present the first fully automated
framework to quantify curling dynamics using
transthoracic echocardiography (TTE) and
cardiac magnetic resonance imaging (CMR)

to determine its biomechanical origin and
association with MVP/MAD.Methods. We
studied 149 MVD patients and 106 healthy
controls. An automated pipeline tracked
annular and ventricular keypoints on TTE

and CMR to calculate the annulo-ventricu-

lar angle (zeta) and its angular velocity (zeta’).
Dense spatio-temporal maps were generated
from CMR cine imaging to localize mechanical
gradients along the LV lateral wall and around
the end-systolic phase.

Results. MVD patients exhibited significantly
accentuated zeta compared to controls (zeta:
70.5+13.1° vs 76.8%£13.4°, p=0.002) and more
negative angular velocity (zeta": -0.38 vs -0.33
°/ms, p=0.03), indicating abrupt deformations.

Control

Spatial Profile
¢ (deq)

D)
¢(deq)

Metrics correlated inversely with MAD length
(p=0.02), confirming sensitivity to disjunction
severity. Deformation was asymmetric,
characterized by increased posterior transverse
displacement (p=0.02), and amplified by
combined MAD and posterior MVP. CMR
spatio-temporal mapping revealed that peak
curling magnitude does not occur at end-systole
(ES), but 10-15% of a beat after ES, during early
isovolumic relaxation.

Conclusion. Automated multimodal
quantification reveals that curling is a dynamic,
asymmetric, post-systolic recoil phenomenon
that may be driven by MAD. This rapid
mechanical snap-back may represent the release
of elastic energy stored during systole, occurring
during a vulnerable window of repolarization.

This work is currently under revision for publication as an
article.
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Figure 1. A, B: MVD vs. control patient. Point
tracking is shown in three systolic frames
alongside the corresponding plot of the annu-
lo-ventricular angle zeta and its time derivative
zeta' A. An MVD patient displaying a high degree
of curling. B: A healthy control with no curling. C.
Spatio-temporal map of cohort-median curling
dynamics derived from CMR. Top and left panels
show median temporal and spatial profiles (solid
line) with the interquartile range (shaded area),
respectively. Note the "hotspot" (maximum zeta) is
localized to the basal myocardium, occurring after
end-systole (dashed line), characterizing curling as
a post-systolic recoil event.
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Evaluating ECG Criteria for Diagnosing
Left Ventricular Hypertrophy in Anabolic-
Androgenic Steroid Users

Rang Abdullah, Astrid Bjernebekk, Lisa E. Hauger, Ingunn R. Hullstein, Thor
Edvardsen, Kristina Haugaa, Vibeke M. Aimaas

Steroid Users?

gy~ =

N =100 male AAS users

CENTRAL ILLUSTRATION: Can Electrocardiogram Accurately Detect
Echocardiographic Left Ventricular Hypertrophy in Anabolic-Androgenic

None of the tested ECG criteria were able to yield an adequate combination of sensitivity or specificity.

Long-term AAS users represent a high-risk cardiovascular population. Routine specialist evaluation with
echocardiography should be considered.

Abdullah R, et al. JACC Adv. 2026;5(2):102499.

LVH (N = 32)
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ECG Criteria Tested:
o Sokolow-Lyon

o Modified Sokolow-
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a Cornell voltage

o Cornell product

o Peguero-Lo Presti
o Romhilt-Estes

No LVH (N = 68)

The use of anabolic androgenic steroids (AAS)
can lead myocardial hypertrophy, i.e thickening
of the heart muscle, as well as reduced cardiac
function. Among other studies, this was shown
in a previous study by OUH and ProCardio,
concluding that AAS use was associated with
not only hypertension, but also increased left
ventricular hypertrophy and reduced cardiac
function detected by echocardiography in a
proportion of users.

ECG is normally the first clinical tool to screen
for and diagnose myocardial hypertrophy.

In this present study the researchers aimed

to investigate to what extent conventional

ECG could identify established myocardial
hypertrophy in AAS users by comparing various
ECG criteria with echocardiography as the
reference standard.

The main finding was that in general ECG
failed to detect myocardial hypertrophy and

dysfunction verified by echocardiography.

The authors therefore conclude that AAS users
should be investigated with an echocardiography
even when ECG appears normal. Furthermore,
ECG should not be considered a suitable
screening tool for myocardial disease in AAS
users. AAS use is common in young males and
the study therefore has important implications
for general clinical practice. AAS users who seek
medical care and cardiac evaluation should be
investigated with echocardiography, even in the
absence of clear ECG abnormalities.

This study was published as an orginal research
article in JACC: Advances in January 2026
(online 2025) https://doi.org/10.1016/].
jacadv.2025.102499
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Real-Time Global Longitudinal Strain During
Echocardiography: A Deep Learning Platform
for Improved Workflow

Vegard Holmstregm, Erik Smistad, Stian Stelen, Espen Holte, Lasse Lavstakken,
Hdavard Dalen, Andreas @stvik, Bjgrnar Grenne

Real-time Curren t View: ALAX

R FPS: 62
Auto Strain
Real-Time Myocardial

Tracking Performance and
Semi-Quantitative Drift
Indicator

The study introduces a deep learning platform This study was published as an orginal research
capable of performing fully automated, real article in JASE in November 2025. DOI: 10.1016/].
time GLS analysis during echocardiographic echo.2025.08.015

scanning, representing a significant step toward
a more efficient and standardized workflow. The
platform provides live visual feedback that helps
operators optimize image acquisition, reduce
foreshortening and baseline drift, and obtain
robust multicycle strain measurements at the
bedside. In a prospective study of 50 patients,
the method demonstrated high feasibility,
excellent correlation with manual reference
measurements, and a 57% reduction in the

time required to obtain GLS compared with
conventional workflow. These findings show that
real time Al based GLS can streamline echocar-
diographic practice, improve image quality, and
support faster and more reliable clinical decision
making.
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Brugada Synrome -

Drugs in Pregnancy

(BrsS-DIP)

BrS-DIP is an international multicentre
retrospective study with purpose to assess the
arrhythmic risk during pregnancy and delivery in
women with BrS, and to characterise obstetric,
anaesthetic and analgesia management. The
study has included 522 deliveries in 253 women
with BrS and/or pathogenic or likely pathogenic
(P/LP) SCN5A variants and represents until

now the largest cohort on pregnant women
with BrS and/or SCN5A. We systematically
reviewed obstetric management, use of
anaesthesia/analgesia and exposure to drugs
classified as potentially pro-arrhythmic. Results

are reassuringly as zero severe ventricular
arrhythmias occurred during pregnancy, delivery
or within first 6 months post partum despite
exposure to conventional obstetric management
and routine anaesthetic agents.

Study start was February 2025, and data
collection was completed by November 2025

in collaboration with Switzerland (Lugano),
Sweden(Lund and Stockholm) and The Nether-
lands(Amsterdam). Analysis and manuscript is in
progress and will be submitted During 2026.

Norwegian Spontaneous Coronary Artery
dissection study — NOR-SCAD

NOR-SCAD is a national, multicentre
observational study investigating spontaneous
coronary artery dissection (SCAD) in Norway -
an important and still underrecognized cause
of myocardial infarction in younger women.
The main purpose of NOR-SCAD is to identify
risk factors, characterize clinical presentation
and complications (including recurrent SCAD
and adverse cardiac events), and to improve
diagnostics, management and follow-up of
SCAD patients. This is the first coordinated
national SCAD study in Norway, addressing
the lack of standardized care and follow-up in
Norway. The project consists of a retrospective
cohort of 106 women and a prospective cohort
with ongoing enrolment of acute SCAD patients
from all major PCI centres in Norway. Data

lllustration showing spontaneous coronary artery
dissection (SCAD) in a coronary artery.

Illustration: BioRender

collection for both cohorts started in spring/
summer 2025; analysis of the retrospective
cohort will be completed in 2026, while the
prospective cohort will continue until 2035.

All included patients undergo comprehensive
clinical evaluation, including a cardiopulmonary
exercise test, which represents an important
methodological novelty in the ongoing
international research concerning SCAD. The
NOR-SCAD observational studies will form the
foundation for a planned randomized controlled
trial of exercise-based intervention, potentially
in Nordic collaboration, which will be crucial
for addressing current knowledge gap regardin
cardiac physical and mental rehabilitation after
SCAD.
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Realistic synthetic data speeds up innovation

DIPS have in close collaboration with Simula
Research Laboratory developed a method for
generating coherent, realistic synthetic patient
histories. Meaningful fictional medical records
are a game-changer for innovation in e-health.
Synthetic medical records give us insight into
details before the solutions end up in the hands
of users,What does that mean in practice for
innovation in ProCardio?

e Development and innovation without legal
restrictions related to personal data

e Realistic demos and proof of concept,
without access to production data

e Robust testing of integrations in the entire
ecosystem around DIPS

e  Faster iteration, lower risk, higher quality

The project group (from left Nickolas Forch and Even
Moa Myklebust from Simula, and Eivind Holt from DIPS)
presenting the ideas and asking for clinical feedback at
Soria Moria

er for Innovation

o - ——

S e simulal
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International

cooperation

ProCardio works with an international
perspective where the research methods are

of international interest and the innovation
projects target the global market. The ProCardio
partnership includes two partners outside
Norway (Medtronic, the Netherlands and the
Baker Heart and Diabetes Institute, Australia

in addition to GE HealthCare, which is a global
institution. In 2025 ProCardio both continued
its ongoing international business as well as
established new international collaborations and
partnerships.

e  ProCardio, through OUH and UiO, has
an ongoing collaborative project with
the University of Minnesota, USA,
on translational research in Lamin
cardiomyopathy, involving basic research
in the USA based on clinical data from
Norway. Funding: Norwegian Centennial
Chair (NOCC) grant, Minnesota, USA. In
May 2025, project leader Nina Hasselberg
was invited to a collaboration meeting and
as invited international speaker at Grand
Rounds at the University of Minnesota in
Minneapolis.

e Kristina Haugaa led the task force for the
new European guidelines for cardiovascular
disease and pregnancy (“2025 ESC
Guidelines for the management of
cardiovascular disease and pregnancy”),
which were presented at the ESC Congress 4
in Madrid and simultaneously published
in the European Heart Journal (EHJ) in
August 2025. Nina Eide Hasselberg served

as the coordinator for the guidelines, and .
Mette-Elise Estensen was a member of the
task force

e |n 2025, ProCardio initiated and °
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established the international collaborative
study Drugs-In-Pregnancy (BrS-DIP),
which investigates anesthesia treatment
during pregnancy and childbirth in
Brugada syndrome. The project is led

by PhD candidate Anna Sgrlie (OUH)

in collaboration with centers in the
Netherlands (Amsterdam), Italy (Lugano),
and Sweden (Lund and Stockholm).

ProCardio participated in the international
multicenter drug study Odyssey. ProCardio
at OUH, with Kristina Haugaa as Norway’s
PI, randomized and followed three patients
in the study. In the spring of 2025, the
study was terminated early because no
improvement was found in the two primary
endpoints: maximal oxygen uptake and
health status. The study was presented at
ESC 2025 in Madrid.

ProCardio at OUH is a central part of the
Nordic ARVC registry. In 2025, Kristina
Haugaa participated in the annual
collaboration meeting in Copenhagen, and
we also took part in several web-based
meetings throughout the year.

In 2025, ProCardio continued its
international research collaboration on
AMVP, led by Dr. Sabbag at Chaim Sheba
Medical Center, Israel.

ProCardio participates in an international
cardiomyopathy registry led by Johns
Hopkins University, Baltimore, MD, USA.

ProCardio has taken part in an international
RCT on atrial fibrillation ablation, led by
Uppsala University Hospital, Sweden.

ProCardio OUH collaborate with the



University Hospital in Brussels, Belgium, on
cardiac arrhythmias and sudden death.

The collaboration between Medtronic
Bakken Research Center (BRC) in
Maastricht, Netherlands on the ProCardio
project NeuECG has evolved further during
2025.

Through its extensive global network,
Medptronic is an active participant in
international research collaboration. Several
projects are directly linked to ProCardio
research, particularly in arrhythmia and
sudden cardiac death.

ProCardio, with NTNU and OUH, is
thoroughly involved in high frame rate
projects at University of Leuven, Belgium.

NTNU has an ongoing collaboration with
Prof. Olivier Bernard at INSA Lyon in France,
om developing Al-based strain imaging
trained using advanced ultrasound imaging
simulations

GEVU has an extensive global network and
actively engages in international research
collaboration. Several of these projects

are directly linked to ProCardio research in
areas such as functional ultrasound imaging
for assessing heart failure and risk of
sudden cardiac death.

GEVU collaborates with some of the world’s
leading institutions; UCSF, Brigham and
Women's Hospital, Massachusetts General
Hospital, Baker Heart and Diabetes Institute
in Melbourne, and several European
institutions have been engaged.

NTNU has an ongoing collaboration with
KU Leuven and GE Vingmed Ultrasound
on high frame rate imaging, and what is
called shear wave imaging (SWI) or more
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broadly mechanical wave imaging (MWI).
The aim of the collaboration is to: 1)
Research the potential of measuring the
velocity of short-lived mechanical waves
in the myocardium produced by natural
cardiac events such as valve closure and
the atrial kick. 2) Innovate by developing
measurement analysis tool for clinical use,
as an App working in the GE HealthCare
system.

Simula collaborates closely with research
groups in the USA and Europe, including
University of California campuses (San
Diego, San Francisco, Berkeley), Tulane
University, King's College London, Imperial
College London, University of Utah, INRIA
Sophia Antipolis, Karlsruhe Institute of
Technology, Germany, and the University of
Copenhagen, Denmark.

Simula has a particularly extensive
collaboration with UCSD (called SUURPh),
focusing on researcher training and PhD
exchange in scientific computing and
biomedical applications, primarily related to
cardiac and neurophysiology. Additionally,
Simula collaborates closely with UC
Berkeley through the SIMBER project (The
Simula Berkeley Education and Research
Collaboration), funded through the
INTPART program.

SEARCH project. EU Innovative Health
Initiative. Simula and SimulaMet are
partners. 2024-2028. Co-PI: Molly
Maleckar. The Synthetic Healthcare Data
Governance Hub (SEARCH) promotes
development in digital health and Al-driven
diagnostics. Horizon Europe. Initiated
outside ProCardio but with strong potential
for collaboration and knowledge transfer.
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International visiting researchers

Dr. Alexandra Apostu has been a visiting
researcher at ProCardio from September
2025. Dr. Apostu normally works as

a cardiologist and PhD fellow at the
Emergency Institute for Cardiovascular
Diseases ‘Prof. Dr. C.C. lliescu’ in Bucharest,
Romania. Her research project focuses

on arrhythmogenic cardiomyopathy,
particularly desmoplakin (DSP)
cardiomyopathy. The aim of the work is to
identify arrhythmia risk markers in carriers
of DSP mutations using multimodal imaging,
in order to improve decision-making
regarding ICD implantation. She contributes
actively with expertise in cardiac MRI.

During her research at ProCardio, she
conducted a prospective, multicenter
study including patients with DSP
cardiomyopathy from two European referral
centers in Oslo and Bucharest. The study
involved a comprehensive analysis of ECG
findings and advanced echocardiographic
parameters, including left ventricular global
longitudinal strain, mechanical dispersion,
and right ventricular free wall strain. On
cardiac magnetic resonance (CMR), late
gadolinium enhancement (LGE) extent,
mass, and distribution were systematically
assessed. This work provided an integrated
electro-mechanical characterization of

4 g 5
ProCardio £

Prospective, multicentric study

Consecutive pts with P/LP DSP |
mutations (2 centers)

Final cohort, n= 124 pts !
(Oslo: 104 pts; Bucharest: 20 pts) ‘

Comprehensive clinical, ECG, echo ]I

and CMRExamination J

Median follow up 3.9_(i.1-5.8) y !
for ventricular arrhythmias j

30
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DSP cardiomyopathy and contributed to
the identification of novel predictors of
ventricular arrhythmias. These findings
may improve arrhythmic risk stratification
and optimize primary preventive ICD
decision-making in patients with DSP
cardiomyopathy.

Dr. Teodora Gardovic from Sweden has
been a visiting researcher at ProCardio from
September to December 2025. During this
period, Dr. Gardovic has been involved in
a project on improved risk stratification
and the development of a risk calculator
for patients with arrhythmogenic mitral
valve prolapse (AMVP), the establishment
of a patient cohort for Fabry disease, and
participation in follow-up project on long
QT syndrome.
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Emergency Institute for
Cardiovascular Diseases, Bucharest
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New Members

Robert Bigseth, OUH Eirunn Rgtnes, OUH Joshua Hammer-Rav, OUH

MD, PhD fellow MD, PhD fellow MD, PhD fellow

Focus: Cardiogenetics, Focus: Spontaneous coronary Focus: Mitralprolps and
inherited ion channel diseases,  artery dissection arrhythmias

athletes and sudden cardiac

death

Ragnhild Rgnningen, OUH Cordelia Hellestrand, UiO Alexandra Apostu, UiO

Research nurse Medical research track student  MD, Guest researcher, Romania
Focus: Exercise in Titin Focus: Cardiomyopathies and

mulitmodality imaging
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Teodora Gardovic, UiO
MD, Guest researcher, Sweden

Focus: Arrhythmogenic mitral
valve, Fabry and long QT
syndrome

Aslak W. Kristoffersen, OUH
MD, PhD-fellow

Focus: Cardiomyopathies in
children

Alf Grini, GEVU
Engineer

Even Moa Myklebust, Simula
Data Scientist

Focus: Machine learning, time
series modeling, latent variable
analysis, sampling

Focus: High frame rate imaging

Harald M. Dobloug, DIPS
MD, Head if Clinical Al

Focus: Artificial intelligence in
EPJ
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Communication and Dissemination Activities

Communication
and dissemination
activities

Deformation Imaging Meeting 2025

A large delegation from Norway was present at the annual Deformation Imaging Meeting in Leuven,
February 2025., including several from ProCardio (NTNU and OUH). The meeting is an interactive
state-of-the-art symposium focusing on clinical and pre-clinical research in myocardial function
imaging.
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Several members of ProCardio (OUH, NTNU, GEVU) PhD-fellow Henrik Kildahl and Postdoc Sigurd V. Wifstad
attended the annual Deformation Imaging Meeting in presented their work on Al-based mitral valve disease
Leuven quantification.

EHRA European Heart Rythm Association
2025

The annual meeting of the European Heart Rhythm
Association (EHRA) convenes scientists, healthcare
professionals and other stakeholders involved in

arrhythmia management from all around the world.

* Risk stratification of sudden cardiac death in arrhythmic mitral vaive prolapse

Arrhythmic mitral valve prolapse - the new kid on the block

PublQed

EHRA 2025 brought together experts across a wide
range of disciplines including sudden cardiac death,
ventricular arrhythmias, device therapy, syncope

and bradycardia. Research presented at EHRA also
explored how Al can be used in arrhythmia prevention
and management. Professor Kristina Haugaa was
invited to present Risk stratification of sudden cardiac
death in arrhytmic mitral valve prolapse.
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Communication and Dissemination Activities

SCAD dagen June 8™

T-leader Mette Estensen and PhD-fellow Anna Sgrlie was invited to S
SCAD dagen at Lovisenberg rehabilitering, Gardermoen to talk about
the ongoing NOR-SCAD projects in ProCardio. e

Simula Research Days
June 12*

The ProCardio team gave an introduction and practical demonstration of echocardiography.
ProCardio represented by Phd-fellow Anna Sgrlie (OUH), PhD-fellow Giulia Monopoli (Simula) and
Adjunct Research Professor Molly Maleckar (Simula).

Molly Maleckar was invited to give
the presentation “Mechanism, insight,

and predicting the future: how to get o o :
I P ith & bot coll » & Mechanism, insight, and predicting the future:
along with your robot colleagues. how to get along with your robot colleagues

Finding Your Inner Modeler
University of California, Irvine
August 8th, 2025

Mary M. (Molly) Maleckar
Simula Research Laboratory
Dept of Computational Physiology

simula
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Communication and Dissemination Activities

European Society of Cardiology (ESC)
Congress 2025

The ESC Congress took place in Madrid from August 29th to September 1st, gathering more than
30.000 participants. One of the hightlights of the conference, in particular for ProCardio, was the
presentation of the New European Guidelines for cardiovascular disease and pregnancy.

ProCardio was well represented at ESC in Madrid

OUH leads on new European Guidelines
'nqress 20

TOGETHER WITH

World Congress of Cardiolc

Kristina Haugaa chaired the Task
Force for the 2025 European

Society of Cardiology guidelines on
cardiovascular disease and pregnancy,
presented at the ESC Conference in
Madrid and simultaneously published
rotessorkrstoa avgss ogeterwinco charfrotesso et i the European Heart Journal in

Backer from Belgium on the main stage inMadrid before the launch

ot e CoctnBugen August 2025.

Also, the ProCardio team leaders Nina Eide Hasselberg and Mette-Elise Estensen were part of these
guidelines and served as coordinator and Task Force member, respectively. Congratulations to all on
this impressive and persistent effort!.

There was great interest in the new European guidelines on heart disease and pregnancy.

Medisin Medisin onveron onevent ousans one (D) =

6US—lege ledet arbeid med ESC-
retningslinje

Presenterte om nye ESC-retningslinjer og

Foto:Michael Chr.A. Simonsen, Dagensmedisin erfaringer fra Rikshospitalet e retningslinjer
Foto: ESC

Ekspertene Isotta Castrini og Kristina Haugaa gjennomgdr de viktigste oppdateringene i ESCs

On behalf of the Counsil for Cardiovascular Genomics, Dr. Anna Isotta Castrini interviewed Professor Kristina
Haugaa. During the interview, published on the ESC website, they highlighted key updates and explored how these
recommendations will shape clinical practice moving forward.
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Communication and Dissemination Activities

== S, -

PhD-fellow Cecilie Bugge presented her work on
mitral valve prolapse. King Felipe VI of Spain visited
the research area this day

PhD-fellow Bendik Skinningsrud Hagen presented his work
on COVID-19 vaccine-associated myocarditis in Norway

During one of the Hot-line sessions the norwegian BETAMI-DANBLOCK trial was presented.
ProCardio researchers have have been part of this important trial.

At ESC 2025 in Madrid, ProCardio
industrial partner GE HealthCare

= introduced its latest ultrasound platform,
& the Vivid™ Pioneer, further advancing

& innovation in cardiovascular imaging.

ProCardio Board Member Bdrd Moseng infront of
the new released Vivid™ Pioneer

S Medtronic
5 ‘_. & Heart 2 E Y

' ESC is an important arena for collaboration and knowledge sharing for
Medtronic, here represented by Board Member Mirko deMelis and Anders

Milch
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Communication and Dissemination Activities

23 Annual Norwegian Symposium on
Heart Research

The 23rd Annual Norwegian Symposium on Heart Research, organized by Department of
Cardiology, Oslo University Hospital in collaboration with ProCardio and Norheart, took place on
September 11th and 12th. A consistent group of young and senior cardiologists, researchers, and
PhD students gathered for the symposium held at Soria Moria Hotel.

ouLevre -
e
rway who received 10.9 millio

; 5
B erm cardiovascular outcome

investigate Jong-t :
|%VID-H mRNA VAM in Norway-

Bendik Skinningsrud Hagen Vibeke M. Almaas

ProCardio PhD-fellow Bendik Skinningsrud Hagen displayed his work with an abstract on the

topic Covid 19 vaccine-associated myocarditis in Norway. Dr. Vibeke M. Almaas presented results
from the study on effects of anabolic-androgenic steroids on cardiac function. In addition, several
ProCardio affiliated senior doctors and researchers had important roles as chairs, moderators and in
the panels.

ic Risk Scores
netic Complexity: can Polygenic Risk
prove risk assessment?

ie Bezzina

W

Amsterdam UMC

Key note speaker, Connie Bezzina, from Amsterdam was invited to give a speak on Polygenic risk
scores and risk assessment. ProCardio had also arranged for a fruitful workshop with Connie Bezzina
besides the symposium program.
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Communication and Dissemination Activities

NCS Fall meeting 2025

The fall meeting of the Norwegian Society of Cardiology was held at Scandic Hotel, Holmenkollen
Park. The meeting is well attended by cardiologists from all over Norway and includes sessions on
relevant clinical topics as well as research presentations and clinical cases. ProCardio PhD fellows
Bendik Skinningsrud Hagen and and Lisa Marie Selmer presented abstracts. Several of ProCardio’s
senior researchers served as session chairs. Bendik Skinngingsrud Hagen won the prize for the best
abstract presentation and Lasse Lgvstakken won the prestigious NCS Research Award 2025.

Verdens hjertedag 2025 - 29.september

ProCardio, together with LHL, NCS, Novartis and Amgen, hosted a breakfast seminar on World
Heart Day with the theme ‘From prevention and elite sports to cardiac arrest and rehabilitation’. The
seminar, which gathered around 80 participants in the auditorium at Rikshospitalet and more than
200 digital attendees, highlighted the heart’s role across different life stages and situations - from
peak athletic performance to sudden cardiac arrest and the road back through rehabilitation.

Verdens hjertedag 2025

Hvem har risiko, hva ser vi etter?

Incidence of Suddon Cardlac Death
(por 100,000)

ra forebygging og toppidrett
hjertestans og rehabilitering.

+ >35 ar: koronarsykdom
¢ <35 ar: arvelige hjertesykdommer
+ Kardiomyopatier
* lonekanalsykdommer
+ Treningsrelatert hjertestans
* Autosomalt dominant

Y [|LHL € ~ U NOVARTIS

Professor Kristina Haugaa adressed how the heart of elite athletes
can develop adaptations that resemble disease.

The secretary-General of the Norwegian Heart - ap e R M A T
and Lung patient organization (LHL). idrettsforbund og olympiske komité, Sparebankstiftelsen DNB og Norsk Tipping

- Q8P

R$58korauND .
3 INTERNATIONAL ]
LYMPIC NORSKTIPPIN

COMMITTEE

SENTER FOR
“Hrettsskadefor:
E AV SKADE

Yngvild Larsen (LHL) led the panel debate on
heart screening in athletes. Participants (from
left), Dr. Erik Ekker Solberg, Dr. Hilde Moseby
Berge and former professional soccer player
participated in the debate.
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Communication and Dissemination Activities

Computing in Cardiology Annual
Conference

Simula was well attended at the conference in Brazil this year. PhD-fellow Giulia Monopoli
presented her work on “MRI derived mitral valve and ventricle shape biomarkers for arrhythmic
mitral valve syndrome” and senior researcher Joakim Sundnes presented “Polynomial Chaos
Expansion, Al and data assimilation for uncertainty quantification of cardiac mechanics”. In addition,
Molly Maleckar co-chaired the session on modelling atrial electrophysiology and fibrillation.

; ugee, Christian Fi isti
n, Nickolas Forsch, and Mary M. Maleck:'n i

Simula Research Lab Y — Dept. C i Pl
ProCardio Center for Innovation, Department of Card

hysiology, Oslo
iology, Oslo University Hospital

giulia@simula.no

simula S e

M‘&J

azl 5 Jﬂ'\
2/ Al G008

Sao Paulo

Simula Summer School in Computional
Physiology

The University of California, San Diego (UCSD) has promoted long-standing research collaborations
with the University of Oslo (UiO) and Simula Research Laboratory (Simula), focused on multiple
aspects of computational physiology. This joint summer school, now in its 12th year, has emerged
based on the complementary expertise and shared educational goals of these three institutions.

The core goal of the summer school is to promote successful research collaboration between the
host institutions, with particular emphasis on the training of excellent Ph.D. candidates.

The annual Summer School in Computational Physiology in organised as part of the SUURPh
program. Usually between 24-30 students join this international course every year.

This school includes both targeted research lectures and a practical
project component. The lectures are conducted over 2 weeks in
Oslo in June. Students complete a group research project in their
area of interest and write up the project methods and results during
the second half of the school, held in San Diego in August.

The material covered by this summer school focuses on
fundamental principles of mathematical modeling in electrophys-
iology and biomechanics. Specifically, the lectures will address
cellular and subcellular biophysical processes responsible for
electrical activation in cardiac muscle cells, frameworks for tissue
scale electrical signal propagation, and cellular- and tissue-level
contractile mechanics in the heart.
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Communication and Dissemination Activities

EuroEcho 2025

At the EACV inVi
Sy ot Ivig?r?gﬁf:r%:})gfh;nn?/cl(elncl;a, our guest researcher, Alexandra Apostu, presented her
al dispersion across different genot in dila i
ypes in dilated cardiomyopath
y.

Left dominant arrhythmogenic cardiomyopatity

(ot differ significantly between

Professor Kristina H. Haugaa, MD, PhD; FESC, FEHRA
Director ProCardio Center for Innovation,
Department of Cardiology
Oslo University Hospital, Norway
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Communication and Dissemination Activities

Faces and Places:
Snapshots from 2025

Arendalsuka 2025

Bridging the gap in sex differeces

Meeting at the ministry of education
earch

NRC expert panel evaluation
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Communication and Dissemination Activities

LaMinOs: University of Minnesota

Mty

2024-25

GRAND ROUNDS
-CARDIOVASCULAR ™\

DIVISION 4 4 ) L‘ ol

______— Cardiac Laminopathy:
The Importance of Genotype-Specific Management

66

MAY

6

R

Nina Hasselberg, MD, PhD
ial

Inven2 Innovasjonspris

VCRC 299 | 12:00 PM

https://z.umn.edu/CVGrandRounds

5.6.25 Grand Rounds Flyer Add to Calendar

Sinergy 2025 Belgrade

Nobel prize winner Prof. Brunkow

St. Olavs konferansen
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Communication and Dissemination Activities

News, Podcasts, and Public Engagement

Can this Al model transform

heart disease diagnosis? /

OUS INNSIKT

Nar hjertet svikter uten forvarsel -
jakten pa de skjulte genene

Enungkvinne i 20-4rene kollapser med hjertestans -
tilsynelatende frisk. Det viser seg at hun har en arvelig
hjertesykdom. Professor Kristina Haugaa ved Oslo
universitetssykehus har viet karrieren til a forsta hvorfor dette skjer
- og hvordan det kan forhindres.

Siri Holm Selberg, ProCardio, K avdeling, Oslo (o]l

Publisert16.12.2025
Sistoppdatert16.01.2026

Can this Al model transform heart
disease diagnosis?

Read the article here

Marit Haugdah| fra Voksr hiertefeil (4 ) e Kristina Haugaa fra OUS til 4 snakke om
genetiske hjertefeili podkasten Apent Hjerte. Bildet er fra Verdens hjertedag, hvor ogsé Carl-Erik Torp delte sin
historie.

Foto: Kristina Haugaa

Nar hjertet svikter uten forvarsel - jakten
pa de skjulte genene

Read the article here

Apent hjerte med VMH

Apent hjerte med VHM

Listen to the podcast here
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https://www.kristiania.no/kunnskap-kristiania/2025/10/Can-this-AI-model-transform-heart-disease-diagnosis/
https://vmh.no/apent-hjerte-med-vmh/
https://www.oslo-universitetssykehus.no/om-oss/innsikt/nar-hjertet-svikter-uten-forvarsel--jakten-pa-de-skjulte-genene/

Communication and Dissemination Activities

The Impact of Exercise after Breast
Cancer Treatment

The CAUSE Study (Cardiovascular Survivors Exercise) is a
randomized controlled trial that investigates the effects of
endurance training inlong-term breast cancer survivors. The study
clearly shows that aerobic exercise can have a significant positive
impact on quality of life, physical fitness, and mental healthin
long-term survivors, emphasizing the importance of physical
activity in rehabilitation.

wstalden ved

Norsk KI-forskning trekkes frem som
verdensledende | Published 5/26/2025

Norsk Kl-forskning trekkes frem som
verdensledende

Read the article here

All patients were tested on a treadmilll at the beginning and the end of the study.
Photo: Mall Saster

The impact of exercise after Breast Cancer
Treatment

Read the article here

St.Olav and NTNU researchers present their Al-driven \_
cardiac ultrasound tecnhology to the Minister

of Health, Jan Christian Vestre during his visit to
St.Olavs hospital.

Read the related article on TV2 here

St.Olav hospital and NTNU develop Al that can make cardiac ultrasound faster, simpler and more
precise. With more than 200,000 examinations performed annually in Norway, improved workflow
and high quality have a major impact on patient care. This work is the result of close collaboration
between clinicians, engineers and researchers, and the international recognition as “world leading”
reflects the dedication of many colleagues committed to improving treatment for heart patients
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Awards

Awards

NCS Research NCS Best Abstract
Award 2025 to Lasse 2025

LﬁVStCI kken During the Research Session at the NCS Fall
Meeting 2025, Bendik Skinningsrud Hagen,

Professor Lasse Lavstakken, NTNU, was a PhD-fellow from ProCardio, was awarded

awarded the 2025 Norwegian Society of Best Abstract. Bendik presented his work on

Cardiology (NCS) Research Award. The award COVID-19 vaccine-associated myocarditis in

recognizes his 15 years of dedication in Norway

the development of echocardiography and

ultrasound technology for cardiac diagnostics. Read more on our website.

Sitat: We congratulate Lasse on the
well-deserved research award and thank him
for his significant contributions to cardiology
research in general - and for all his valuable
contributions to ProCardio in particular.

Q"§m§armmgisk
Velkommen til

NCS Hastmote
2025!

Professor Kristina Haugaa, ProCardio Center
Director

Radisson Blu Alna Hotel,
Oslo, 23.-25. oktober

Read more on our website.

Www.ncs-hostmote.no

= £
i )
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Bendik Skinningsrud Hagen recieves the award "Best
Abstract" of the NCS Fall Meeting 2025.
Photo: Private

Norsk Cardiolagisk Sclskaps

FORSKNINGSPRIS
2025

Sirwse Lpvstathen

Lasse Lavstakken recieves the Research Award at NCS.
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https://www.oslo-universitetssykehus.no/en/avdelinger/hjerte-lunge-og-karklinikken/procardio-center-for-innovation2/ncs-research-award-2025-to-lasse-lovstakken/
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Awards

Frampeik 2025 Best Publication of the

[ )
Presentation Year 2024 at St.
The Frampeik conference bring together H
research track students from across the OqusI awda rd ed in
country. Cordelia Hellstrand was awarded
Best presentation for her work on the effect 202 5
of physical exercise in the development of The PUBLICATION OF THE YEAR award
TTN-related dilated cardiomyopathy. was presented to a research group
Read more on our website from the Department of Cardiology

and Cardiothoracic Surgery, which, in

N . | collaboration with NTNU, has developed

‘ an entirely new method that uses artificial
intelligence to make cardiac ultrasound
significantly more efficient.

. ¢ 3
\ “ i of ppol e 2 B

Cordelia Hellstrand recieves the award "Best
Presentation" at Frampeik 2025.
Photo: Private

From left: Clinic director Ole Christian Mjglstad,
researchers Andreas @stvik og Erik Smistad, senior
consultants Torvald Espeland, Espen Holte and Bjgrnar
Grenne, prinsipal ivenstigator/last author Hdvard Dalen
and Hospital Chief executive Tom Christian Martinsen.
Photo: Geir Otto Johansen/St. Olavs hospital

Publication: “Automatic measurements of left
ventricular volumes and ejection fraction by
artificial intelligence: clinical validation in real

time and large databases”. Sindre Olaisen, Erik
Smistad, Torvald Espeland, Jieyu Hu, David
Pasdeloup, Andreas @stvik, Svend Aakhus,
Assami Rosner, Siri Malm, Michael Stylidis, Espen
Holte, Bjgrnar Grenne, Lasse Lavstakken, and
Havard Dalen. Eur Heart J Cardiovasc Imaging.
2024; 25:383-95
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Dissertation

Dissertation

Lena Myklebust

Modeling the Electrophysiology
and Mechanics of Ventricular
Arrhythmia

May 21, 2025

Adjudication committee

e  First opponent: Dr., PhD Caroline Roney,
University of London, UK

dangerous rhythms in individual patients may be
predicted.

e Second opponent: Associate Professor Luca
Dede, Politecnico di Milano, Italy

Through computational modeling, this thesis
investigates how irregular heart rhythms may
arise in patients with heart disease. Specifically,
we look into irregular rhythms caused by tissue
damage and abnormal movement. We also

e  Third member and chair of the evaluation
committee: Professor Torbjarn Rognes,
University of Oslo, Norway

Chair of the Defence study and compare different computational
Associate Professor Ellen Munthe-Kaas, approaches for predicting patient risk. Finally,
Department of Informatics, University of Oslo we contribute to the development and validation

of software which models the interaction
between electrical activity and movement of the
heart.

Principal Supervisor
Senior Research Scientist Hermenegild Arevalo,
Simula Research Laboratory

Co-supervisors
Professor Aslak Tveito, Simula Research
Laboratory

Summary

Irregular heart beats can lead to a sudden stop
in heart function and is an important cause

of death worldwide. However, the disease
mechanisms which lead to dangerous heart
rhythms are often unclear. Therefore, improved
methods for understanding and diagnosing heart
rhythm disorders are needed.

One approach is to use computational methods
to model the physics of the heart. Computer
models can be used to calculate the electrical
activity and movement of the heart, which
determines the heart beat. By building these
models from medical images, the risk of
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Artem Chernyshov

Automated analysis of the
right ventricle with efficient
deep learning methods in 2D
echocardiography

May 28, 2025

Adjudication committee

e  First opponent: Dr. Alberto Gomez,
Ultromics Ltd, Oxford, United Kingdom

e Second opponent: Professor Michael
Kampffmeyer, Department of Physics
and Technology, The Arctic University of
Norway (UiT), Tromsg, Norway

e  Third member and chair of the evaluation
committee: Associate Professor Garbiel
Kiss, Department of Computer Science,
Norwegian University of Science and
Technology, Trondheim, Norway

Chair of the Defence
Associate Professor Garbiel Kiss, NTNU

Principal Supervisor
Professor Lasse Lavstakken, NTNU

Co-supervisors

Dr. Andreas @stvik, NTNU

Associate Professor Bjgrnar Grenne, NTNU

Dr. Svein Arne Aase, GE Vingmed Ultrasound AS

Summary

Echocardiography is the main tool for assessing
heart health, but image interpretation remains
difficult and prone to variability, even for
experts. Deep learning-based Al tools have been
proposed to aid analysis and enable real-time
measurements, but current solutions are still
limited. They mainly focus on the left ventricle
(LV), require high computational power, and
often neglect the right ventricle (RV), which is

Dissertation

important for diagnosing many heart and lung
conditions. These limitations hinder their use in
low-resource settings.

The work aimed to broaden Al's role in
echocardiography by developing efficient deep
learning methods for analyzing the RV in 2D
echo. The goal was to include RV assessment
without adding to clinician workload and to
support wider adoption in diverse healthcare
settings.

Three contributions supported this goal:
simplifying LV segmentation models, applying
the obtained insights to RV segmentation, and
streamlining an advanced tracking method for
RV myocardium. Results showed that RV analysis
can be accurate and efficient with lightweight
models, with especially strong gains in tracking
performance. These improvements may also
benefit LV analysis.
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Dissertation

Julie Uv

Computational Study of the Fetal
ECG

June 3, 2025

Adjudication committee

e  First opponent: Senior scientist Matthijs
Cluitmans, Maastricht University Medical
Center, The Netherlands

e  Second opponent: Assistant Professor Karli
Gillette, University of Utah, USA

e  Third member and chair of the evaluation
committee: Associate Professor Hakon
Kvale Stensland, University of Oslo

Chair of the Defence
Head of Department, Professor Ole Christian
Lingjeerde, University of Oslo

Principal Supervisor
Senior Research Scientist Hermenegild Arevalo,
Simula Research Laboratory

Co-supervisors

Research Scientist Johannes Langguth, Simula
Research Laboratory

Professor Aslak Tveito, Simula Research
Laboratory

Summary

Monitoring a baby’s heart during pregnancy
and labor is vital for detecting issues like fetal
hypoxia, growth restriction, or congenital heart
disease. While cardiotocography (CTG) is widely
used, it has limitations in accuracy. A promising
alternative is non-invasive fetal ECG (NI-fECG),
which offers more detailed information of the
fetal cardiac activity. However, a key challenge
is separating fetal signals from maternal ones,
prompting the need for better computational
methods.

This thesis presents a new computational
framework using mono- and bidomain equations
to model fetal ECG and study how factors like
vernix caseosa (a waxy skin coating), cardiac
ischemia, and fetal position affect signal quality
and diagnostic markers. Findings show vernix
caseosa, fetal ischemia and fetal position can
alter markers such as the T/QRS ratio, while
time-based features such as QT and QRS
intervals stay relatively consistent across
different positions.

Overall, the approach provides a foundation
for bidomain-based computational models of
fetal ECG, as well as a method for evaluating
and improving signal processing algorithms,
potentially leading to better prenatal care.
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John Nyberg

Strain echocardiography
in healthy and diseased
populations using speckle
tracking and deep learning

June 18, 2025

Adjudication committee

e  First opponent: Professor Frank A.

Flachskampf, Uppsala universitet, Sweden

Second opponent: Associate Professor
Dana Cramariuc, Universitetet i Bergen

Third member and chair of the evaluation
committee: Professor Arne Seternes, NTNU

Chair of the Defence
Guri Greiff, St.Olavs Hospital

Principal Supervisor
Associate Professor Bjgrnar Grenne, NTNU

Co-supervisors

Professor Lasse Lavstakken, NTNU
Professor Havard Dalen, NTNU
Dr. Andreas @stvik, NTNU

Summary

Echocardiographic measurement of cardiac
deformation is an accessible and relatively
inexpensive clinical tool that provides important
diagnostic and prognostic information.

The drawbacks of conventional methods

are high time consumption and significant
operator-related measurement variability.

This thesis comprises three papers. In the first
study, we measured global deformation (strain)
in all four cardiac chambers using a conventional
semiautomatic method in echocardiograms from
participants in the fourth wave of the Trgndelag
Health Study (HUNT).We evaluated which
clinical characteristics varied the most with

the deformation measurements in the healthy
study participants without cardiac disease,
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Dissertation

to construct reference ranges of deformation
measurements adjusted for age, sex, and other
clinical characteristics.

In the second study, we compared the
reproducibility of deformation measurements in
smaller regions of the left ventricle between two
consecutive echocardiograms. A novel method
based on artificial intelligence (Al) measured all
images fully automatically, and it was compared
against a conventional semi-automatic method.
The Al-based method had better reproducibility
for regional deformation measurements
compared to the conventional method,
equivalent to the reproducibility of the most
used method to measure global left ventricular
deformation.

In the third study, we analyzed the degree

of deformation and the variation in the time
to peak deformation in the left ventricle
(mechanical dispersion) in patients with heart
failure and reduced ejection fraction. The
measurements were performed using a novel
Al-based method, which fully automatically
measured all images. The measurements were
compared with conventional semiautomatic
measurements. The combination of strain and
mechanical dispersion showed an important
prognostic value in identifying patients at high
risk of developing life-threatening arrhythmia.



Dissertation

Jorun Tangen

Disease manifestations and
prognostication by imaging and
echocardiography in covid-19
patients and in patients with
myocardial infarction

June 24, 2025

Adjudication committee

e  First opponent: Assistant Professor Luna
Gargani, University of Pisa, Italy

e  Second opponent: Professor Mai Tone
Lennebakken, University of Bergen, Norway

e  Third member and chair of the evaluation
committee: Professor Dan Atar, University
of Oslo

Chair of the Defence
Associate Professor Lars Fjellbirkeland,
University of Oslo

Principal Supervisor
Professor Il Thor Edvardsen, University of Oslo

Co-supervisors
Professor Kristina Haugaa, University of Oslo
Professor Helge Skulstad, University of Oslo

Summary

Research has highlighted a concerning
prevalence of cardiac abnormalities in
hospitalized COVID-19 patients.

Acute myocardial infarction remains a significant
global health challenge. An enlarged left atrium
in patients with myocardial infarction has

shown increased mortality risk in patients with
myocardial infarction for two decades ago.

The aims of the thesis were to emphasize the
crucial role of echocardiography in identifying
conditions that can reveal cardiac damage after
COVID-19 infection and myocardial infarction
which can elevate the risk of adverse outcome

i

by doing echocardiography of patients 3 months
recovery of COVID-19 and before discharge of
patients with acute myocardial infarction.

Improved echocardiographic method using
speckle tracking, which is a method that
visualizes how the heart muscle moves and
deforms, the atrial function can be measured in
different phases.

The heart function of hospitalized COVID-19
patients three months recovery was minimally
affected.

Despite advancements in treatment for patients
with myocardial infarction over the past two
decades an enlarged left atrium remains as a
significant prognostic factor.

The residual phase where the atrium fills with
blood was together with the size of the atrium
significant predictors of adverse outcome in
patients with myocardial infarction.

Overall, these studies show the importance of
echocardiography as a tool for early detection of
heart disease. This can provide physicians with
the opportunity to initiate treatment and other
measures that may reduce the risk of adverse
events.
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Tove Elizabeth Hunt

Patients with atrial fibrillation
and obstructive sleep apnea:
Impact of continuous airway
pressure treatment

Oct 17, 2025

Adjudication committee

e  First opponent: Professor Carina Blom-
strom-Lundqvist, Uppsala University,
Sweden

e  Second opponent: Associate Professor
Sverre Lehmann, University of Bergen,
Norway

e  Third member and chair of the evaluation
committee: Professor Jargen Gravning,
University of Oslo

Chair of the Defence
Associate Professor Lars Fjellbirkeland,
University of Oslo

Principal Supervisor
Senior Consultant Ole-Gunnar Anfinsen, Oslo
University Hospital

Co-supervisors
Professor Kristina Haugaa, University of Oslo
Professor Lars Gullestad, University of Oslo

Summary

Atrial fibrillation (AF) is the most common
sustained arrhythmia, while obstructive

sleep apnea (OSA) is a frequent and often
underdiagnosed comorbidity. Both conditions
are associated with increased risk of stroke,
heart failure, and death, yet their interplay
remains insufficiently understood.

Continuous positive airway pressure (CPAP) is
the established treatment for OSA, but its role in
AF has been unclear.

Dissertation

This doctoral thesis presents the first
randomised controlled trial to systematically
investigate CPAP therapy in patients with AF
and OSA, both before and after catheter ablation
with pulmonary vein isolation (PVI) for AF.

Continuous rhythm monitoring with implantable
loop recorders and carefully measured CPAP
adherence enabled detailed assessment of

AF burden, recurrence after ablation, cardiac
remodelling, and inflammatory mechanisms.

The work provides novel insights into the
relationship between OSA and AF and
represents a significant scientific advance in the
field.
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Dissertation

Christian K. Five

Mitral Valve Prolapse: Clinical
Risk Stratification and Systemic
Associations

Dec 15, 2025

Adjudication committee

e  First opponent: Senior Consultant
Cardiologist Marta De Riva Silva, Leiden
University Medical Center, Netherlands

e  Second opponent: Senior Consultant
Cardiologist Thomas Gero von Lueder,
Oslo Kardiologi, Norway

e  Third member and chair of the evaluation
committee: Professor Erik @ie, University of
Oslo

Chair of the Defence
Associate Professor Lars Fjellbirkeland,
University of Oslo

Principal Supervisor
Professor Kristina Haugaa, University of Oslo

Co-supervisors
Nina Eide Hasselberg, Oslo University Hospital

Summary

Mitral valve prolapse (MVP) is usually a benign
condition, yet a minority of patients developed
severe ventricular arrhythmias that may lead to
syncope or, rarely, sudden cardiac death. This
thesis examined clinical markers, electrophysi-
ological features, lifestyle factors, and systemic
associations that may influence arrhythmic risk
in MVP.

The overall aim was to assess factors related

to ventricular arrhythmias by reviewing clinical
records, performing structured assessments,
and analysing imaging, Holter data, and exercise
testing.

Lifetime exercise dose was not associated
with severe ventricular arrhythmic events,
and exercise exposure did not correlate with
established risk factors for severe ventricular
arrhythmias. In contrast, non-sustained
ventricular tachycardia during exercise stress
testing was associated with later severe
arrhythmias during follow-up.

Most MVP patients exhibited an increased
burden of premature ventricular complexes at
higher heart rates, suggesting an adrenergic
component. However, PVC profile was not
independently associated with severe arrhythmic
outcomes. A separate analysis of patients with
keratoconus found no increased prevalence of
MVP, contradicting earlier reports of a shared
mechanism.

Despite methodological limitations, the findings
suggested that while cumulative exercise was
safe, elevated heart rate may act as an acute
arrhythmic trigger in susceptible individuals.
Exercise stress testing may therefore be a useful
adjunct tool for risk stratification.

Overall, the thesis contributed to improved
understanding of arrhythmic mechanisms
in MVP and highlighted the need for larger
prospective studies.
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Apendix

Appendix

Funding Amount* Cost Amount*
The Research Council 16 035 The Host Institution (Oslo University Hospital) 16 307
The Host Institution (Oslo University Hospital) 4168
Research Partners Research Partners
University of Oslo 597 University of Oslo 2009
Simula Research Laboratory 679 Simula Research Laboratory 2947
Norwegian University of Science and Technology 734 Norwegian University of Science and Technology 3765
Sgrlandet Hospital 191 Sgrlandet Hospital 824
Baker Heart and Diabetes Institute . Baker Heart and Diabetes Institute )
Enterprise partners Enterprise partners
GE Healthcare 604 GE Healthcare 604
GE Vingmed Ultrasound 4 890 GE Vingmed Ultrasound 4 890
Medtronic 588 Medtronic 588
DIPS AS 390 DIPS AS 390
Other Public Funding 3448
Total 32324 Total 32324
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Key Researchers

Name Institution Main research area

Kristina Hermann Haugaa OUH Cardiomyopathies,arrhythmias, cardiogenetics
Thor Edvardsen uio Cardiac imaging

Jan Otto Beitnes OUH Cardiac imaging, valvular heart disease

Eivind Aabel OUH Arrhythmias, cardiomyopathies and clinical trials
Sebastian Sarvari OUH Cardiac imaging, Cardiooncology

Coronary artery disease, Athletes and arrhythmias/ Invasive cardiology

Ziing [Fegen e O and intensive coronary care

Mette-Elise Estensen OUH Pregnancy in heart disease

Eigil Samset GEHC Data integration & platform development

Morgan Jakobsen GEHC Data integration & platform development

Attila Vojtek GEHC Data integration & platform development

Olivier Gerard GE Vingmed Data integration & platform development

Jurica Sprem GE Vingmed Data integration & platform development

Sten Roar Snare GE Vingmed Data integration & platform development

Benjamin Fermann GE Vingmed Data integration & platform development

Bard Moseng GE Vingmed Data integration & platform development

Cristiano Tiago GE Vingmed Data integration & platform development

Tormod Selbekk GE Vingmed Data integration & platform development

Molly Maleckar Simula Simulation-based data augmentation and therapy optimization
Joakim Sundnes Simula Simulation-based data augmentation and therapy optimization
Samuel Wall Simula Simulation-based data augmentation and therapy optimization

Simula/ Kristiania University

Gabriel Balaban Simulation-based data augmentation and therapy optimization

College
Hermenegild Arevalo Simula Simulation-based data augmentation and therapy optimization
Nickolas Forsch Simula Simulation-based data augmentation and therapy optimization
Liv Bollvag DIPS Data integration & platform development
Pal Haugar Brekke OUH/DIPS Data integration & platform development
Eivind Holt DIPS Data integration & platform development
Lasse Lavstakken NTNU Data science and machine learning
Havard Dalen NTNU Data science and machine learning
Bjgrnar Grenne NTNU Data science and machine learning
Kristian Hveem NTNU HUNT genetics
Andreas @stvik NTNU Data science and machine learning
Espen Holte NTNU Data science and machine learning
Eivind Coward NTNU HUNT genetics
Nikhil Arora NTNU HUNT genetics
Artem Chernyshov NTNU Data science and machine learning
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Key Researchers

Name

Daniela Melichova
Richard Cornelussen
Per Christiansen
Mirco de Melis
Anders Milch
Gunnar Morne
Kaspar Broch
Richard Massey

Lars Aaberge
Thomas Helle Valle
Klaus Mubrzech
Christian Eek

Njord Nordstrand
Lars Dejgaard

Stian Ross

Erik Kongsgard

John Aalen

Torbjgrn Holm
Kristin Nordvoll

Elin Bjurstrgm
Margareth Ribe
Roger Haland

Thea Dalén

Eline Schjelderup Myrene
Nicole Due-Tgnnessen
Helen Storaker
Eystein Skjalsvik
Sairam Ghanta

Hans Gerhard Suheyl Boss
Isotta Castrini

Erik Lyseggen

Ida Skrinde Leren
John-Peder Kvitting
Vibeke Marie Almaas
Tom Marwick

Christian Five

Institution
SS
Medtronic
Medtronic
Medtronic
Medtronic
Medtronic
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
OUH
Baker Institute
OUH

Main research area

Cardiomyopathies

Biomedical engineering

Biomedical engineering

Biomedical engineering

Biomedical engineering

Biomedical engineering

Echocardiography and heart failure
Echocardiography and heart failure

Invasive cardiology, Acute cardiovascular care
Myocardial function and Cardiac imaging
Echocardiography and heart failure

Invasive cardiology and acute cardiovascular care
Myocardial function and cardiac imaging
Echocardiography and heart failure
Electrophysiology and cardiovascular function
Electrophysiology and cardiovascular function
Myocardial function and cardiac imaging
Electrophysiology and cardiovascular function
Cardiomyopathies

Cardiomyopathies

Myocardial function and cardiac imaging
Myocardial function and cardiac imaging
Across all research areas

Across all research areas

Across all research areas

Myocardial function and cardiac imaging
Cardiomyopathies

Scientific programmer

Cardiac imaging

Cardiomyopathies

Electrophysiology and cardiovascular function
Cardiomyopathies

Ventricular arrhythmias in patients with arrhythmic valve syndrome
Cardiomyopathies

Cardiooncology

Cardiomyopathies,arrhythmias
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Personnel

Visiting Researchers

Name Affiliation Nationality Sex Duration Topic

M/F
Teodora Karolinske Instituttet Sweden F 3 months Arrhythmogenic mitral valve, Fabry
Gardovic and long QT syndrome
Alexandra Emergency Institute for Romania F 3 months Cardiomyopathies and mulitmodality
Apostu Cardiovascular Diseases, Bucharest imaging

Postdoctoral researchers with financial support from the Centre budget

Name Nationality Period Sex Topic
M/F
Nina Hasselberg Norwegian 01.05.2021- F Disease progression and risk assessment in familial
30.04.2025 cardiomyopathies and arrhythmogenic mitral valve prolapse
Sigurd V. Wifstad Norwegian 01.06.2024 - M Echo-cardiography, mitral valve disease, blood flow imaging, deep
29.11.2026 learning
Davis Pasdeloup French 01.06.2024 - M Echocardiography, deep learning, improved patient follow-up
29.11.2026

Postdoctoral researchers working on projects in the centre with financial support from other sources

Name Funding Nationality Period Sex Topic
M/F
Marit Kristine ous Norwegian 01.04.21- F Early detection of genetic heart diseases -
Smedsrud 28.03.25 Prevention of sudden cardiac death in children
Javad Sadeghinia Simula/NFR Norwegian 14.08.23 - M The Dynamic Heart - Computational Tools for
Dynacomp 13.08.26 Studying Cardiac Growth and Remodeling.
PhD students with financial support from the Centre budget
Name Nationality Period Sex  Topic
M/F
Linda Tangen Norwegian 01.11.2021- F Athletes and arrhythmias
Aaserud 21.07.2025
Henrik Agerup Norwegian 01.01.2022- M Valvular disease, automated measurements, 50% PhD
Kihdahl 31.12.2027
Sverre Hgie Norwegian 21.11.2022- M Valvular disease 50%
20.11.2028
Giulia Monopoli Italian 16.11.2022- F MAD, image-based diagnostics, and mechanistic simulation 1
15.11.2025
Cecilie Bugge Norwegian 30.04.23- F Ventricular arrhythmias in patients with arrhythmic valve syndrome
30.04.26
Paul A.S. Olsen Norwegian 01.04.24 - M Desmoplakin (DSP) mutations in arrhythmogenic right ventricular
31.03.27 cardiomyopathy (ARVC), and especially on echocardiographic
findings, exercise and pregnancy.
Anna Sgrlie Norwegian 01.10.24 - F High-risk cardiovascular diseases in women
30.09.27
Julie Bergh Norwegian 01.12.24 - F Risk stratification of mitral valve prolapse and surgery of the mitral
30.11.27 valve
Robert Bigseth Norwegian 06.10.2025- M Cardiogenetics, inherited ion channel diseases, athletes and sudden
05.10.2028 cardiac death
Eirunn L. Rotnes Norwegian 27.10.2025- F Spontaneous coronary artery dissection
26.10.2028
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PhD students working on projects in the Centre with financial support from other sources

Name Funding Nationality Period Sex Topic
M/F

Kristoffer Andresen OUS/HS@ Norwegian 01.06.2020- M Triplane speckle-tracking echocardiography of the
31.05.2026 right ventricle

Marianne OUS/HS@ Norwegian 05.02.2018- F Cardiac remodelling in children and adolescents

Inngjerdingen Forsa 30.08.2025

Jorun Tangen QOUS/Uio Norwegian 15.04.20- F Improved prediction of clinical outcome in
30.01.2025 patients with myocardial infarction and heart

failure

Tove-Elizabeth Hunt =~ OUS/HS@ Norwegian 01.09.2016- F Atrial fibrillation and sleep apnea
-30.06.2025

§igrun Skarstad OUS/NFR Norwegian 06.09.23- F Manganese as intracellular contrast medium in

Adnegard 05.09.26 cardiac MRI

Bendik Skinningsrud =~ OUS/FHI/ Norwegian 19.09.23- M Covid-19 vaccine associated myocarditis in

SLvV 01.10.26 Norway

Lisa Marie Selmer OUS/HS@ Norwegian 03.01.24 - F Developing and refining non-invasive diagnostic

02.01.27 techniques for myocardial tissue characterization

using high frame rate echocardiography

Ingrid Tveten SINTEF Norwegian 01.09.23 - F Holistic Al in echocardiography for improved
(NTNU) 31.08.27 measurements of cardiac function

Ingvild Adde Kristinia Norwegian 05.03.24 F Physics-informed neural networks for electro-
(SRL) -05.03.27 physiology simulation for ischemic and structural

heart disease, driving towards speed ups for
clinically-relevant timescales.

Havard Dahlbom NTNU Norwegian 01.09.23 - M Progresjon av aortastenose
31.08.27
Rang Abdullah uio Norwegian XXX M Cardiovascular risk associated with long-term use

of anabolic-androgenic steroids (AAS).

Joshua Hammer-Rav = UiO Norwegian 15.12.2025- M Mitralprolps and arrhythmias
14.12.2028
Master degrees
Name Sex Period Topic
M/F
Cordelia F 08.2025 - 08.2026 Exercise in Titin Cardiomyopathy
Hellestrand
Jireg Tang M 01.08.2023 - Use of myocardial strain in patients with Ml and HF
24.09.2027
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Symposium on Heart Research

ESC Congress Madrid

ESC Congress Madrid,
Posteraften

Computing in Cardiology

Computing in Cardiology

SCAD-DAGEN
Internundervisning Ahus HF

Fagdag for sykepleiere ved
hjerteavdelingen pa Kalnes,
Sykehuset @stfold HF

Foredrag for hjerterehabi-
literingsteamet pa Kalnes,
Sykehuset @stfold HF

Internundervisning
hjerteavdelingen Sgrlandet
Sykehus HF

Webinar Nordisk faggruppe for
hjerte- og lungefysioterapeuter

Simula Research days
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109

110

111

112
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Tangen J

UvJ

Wifstad SV, Kildahl HA,
Berg EAR, Holte E, Grenne
BL, Salvesen @O, Dalen H,
Lavstakken L.

Wifstad SV, Kildahl HA,
Berg EAR, Holte E, Grenne
BL, Salvesen @O, Dalen H,
Lovstakken L.

Wifstad SV, Kildahl HA,
Berg EAR, Holte E, Grenne
BL, Salvesen @O, Dalen
H,.Lavstakken L.

Witsg MHL, Luo H, Holm T,
Kristiansen HM, Frostelid
VC, Aalen J, Sgrensen

K, Fadnes S, Nyrnes SA,
Lavstakken L, Flattum M,
Stugaard M, Kongsgaard E,
Skulstad H, Remme E.

Disease manifestations and prognostication by imaging and
echocardiography in covid-19 patients and in patients with
myocardial infarction

Computational Study of the Fetal ECG

EasyPISA: Automated Real Time Assessment of Mitral
Regurgitation from Color Flow Imaging

Automatic measurements of mitral insufficiency from color
flow imaging: complicated or EasyPISA?

Phenotyping mitral valve disease with Al-based
measurements

Feasibility of non-invasive echocardiographic estimates
of intraventricular pressure differences by blood speckle
tracking in adults
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Disseminations

PhD-defence UiO

PhD-defence UiO

IEEE International Ultrasound
Symposium

The 2025 Artimino Conference
on Medical Ultrasound

Leuven Meeting on Myocardial
Function Imaging

European Heart Journal-Cardi-
ovascular Imaging



ProCardio Center for
Innovation

Oslo University Hospital
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0424 Oslo

www.heart-sfi.no

(] : e OSLO UNIVERSITETSSYKEHUS | G
(]



	Summary
	Objectives and research plans
	Organisation
	Partners
	Cooperation between partners
	Scientific Activitites and Research
	International cooperation
	Communication and dissemination activities
	Awards
	Dissertation
	Appendix
	Personnel
	Publications
	Disseminations



