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The Advent of cardiovascular medicine..... -
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From the 1950ties to moden ACS Management
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Cardiogenic Shock —the biggest ne

Intraortic balloon pump Catheter-mounted microaxial Extracorporeal membrane
(IABP) flow pump (Impella®) oxygenation (ECMO)
Poegcentage of patients — Extracorporeal life support ---- Control
Mortality (%) 90 ";;;"gn;i;‘;o'?gg £:=1004 Percentage of patients
(%0, 035=0:29) . 100

Relative risk, 0.98
(95% Cl,0.80 - 1.19)

P=081

Standard care alone

mAFP + standard care

=

AL - ——
5 10 15 20 25 30 0 30 60 90 120 150 180 0 5 10 15 20 25 30
Days since randomization Days since randomization Days since randomization
No. at risk No. at risk
Standard care 176 94 89 82 81 77 72 Control 208 146 120 109 105 104 100
MAFP* 179108 99 99 97 97 97 EXErarPoreal 5n6 444 136 119 109 107 105
standard care life support
N Engl | Med 2012; 357: 1257 - 1295 N Engl | Med 2024; April 7, 2024 online N Engl | Med 2023; 389:1280 — 07

Impairment of microcirculation and negative inotropic effects

Acute cardiac n Cardiac W EA’Ai Peripheral o - : )
injury output {/ vasocostriction :

Water retention Capillary leakage Organ 4iNOS
\ 4 NO production

Polmunary
congestion

Systemic and
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Sudden Cardiac Death in Europe

The Epidemiological Burden

~300,000

500
400
300
200
100

We need novel Al-enhanced risk scores!

3544

deaths / year

EU general population

one SCD occurs in Europe

Every

2 minutes

Age-Specific SCD Incidence (per 100,000/year)

25
I

45-54

280
145

= B

]

55-64

6574

75-84

<10%

survival rate

out-of-hospital cardiac arrest

420

285

2:1

male predominance across ages

Key Facts

*» 3rd leading cause of death in Europe (ERC Guidelines
2021)

» ~86 per 100,000/year for all out-of-hospital cardiac
arrest (EuReCa ONE)

» Coronary artery disease: ~80% of underlying aetiology

» Biphasic trend: decline until 2013, sustained rise
thereafter (Lancet Reg Health Eur 2026)

» SCD as first cardiac manifestation: up to 50% of cases

» Globally: 4-5 million SCD/year (Lancet Commission 2023)

Sources: Behr ER et al. JACC 2022;79(20):1999-2009 - EuReCa ONE Collaborators. Resuscitation 2016 - Lancet Commission on SCD, Lancet 2023;402:883-936 - Trends in sudden death-attributed mortality, Lancet Reg Health Eur 2026
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Sex and Cardiovascular (CV) Disease

Male CV Patients

Hypertension
Not applicable
Diabetes
Coronary Artery Disease
Acute Coronary Syndromes

Takotsubo Syndrome
Spontaneous Coronary
Artery Dissection
Arrhythmias
HFpEF
® HFrEF
Diverse Tumours and CVD

<<<
<<<

<<
>>

Female CV Patients

Hypertension
Pregnancy-associated HTN
Diabetes
Coronary Artery Disease
Acute Coronary Syndromes
Takotsubo Syndrome

Spontaneous Coronary
Artery Dissection
Arrhythmias
HFpEF
HFrEF
Breast Cancer and CVD
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Heart Failure a Condition with a Sex Twist

agag‘ Heart Failure with preserved
Ejection Fraction (HFpEF)

8558 community-based subjects

$ O

Hypercholesterolaemia Obesity Diabetes mellitus
UL 1
Atrial fibrillation Hypertension
2 (¥
=i ? (
Myocardial infarction Smoking Chronic kidney disease HFrEF

o ®
U U
125 years of follow-up w w
' : fr : @
.@‘ Development of HFrEF or HFpEF
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Heart Failure a big Success with Fatal Outcomes
Empa-Reduced

Dapa-HF

1in4

has an event!

100+ 30+ Hazard ratio, 0.74 (95% CI, 0.65-0.85)
90_ 254 P<0.001
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Meonths since Randomization
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Me. at Risk
Placebo
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Estimated Cumulative Incidence (3¢}

100 154
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N Engl J Med 2019;381:1995-2008.
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Sex-specific evaluation and redevelopment of the GRACE @x®
score in non-ST-segment elevation acute coronary syndromes J
in populations from the UK and Switzerland: a multinational

analysis with external cohort validation

Florian A Werwzi*, Siman Kraler*, Gareth Ambler, Clive Weston, Seréing A Herzog, Lorenz Raber, Olivier MuNer, Giowanni G Camici Marco Roffi, m
Hans Rickll, Keith A A Fox, Mark de Belder, Dragana Radovanowict, fohn Deanfieldt, Thomas F Luschert
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Climical features and intersally cakeulated GRACE 2.0 risk estienates informing supervised ML mode| ranked
RAC core risk stratification males and males
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Percent of total population

In-hospital Outcome compared to ACS

163 =584
p=n.s
1
13. 12.6
10.2
9.8
pP=n.s. -
6.5 TTc
41 41
33
.
Death Cardiogenic shock

uACS
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Depression 5
Anxiety W ..,.
Frustration =
Depths Ry e
Grief E :

Conflicts et .
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Accidents @~ ‘@

Joy, Surprise

Emotional triggers

= depression
« iliness of a close person
attempt

Neurological
lliness

COPD, PE
Pneumonoa

Gl Bleeding
Crohns Disease

Pheochromo-
cytoma

Delivery

Tumours
Chemotherapy

w Virus Infection

*fractre ﬁi\ Fracture

e Operation
. anesthesia = .
+ acminstatonol 4. Anesthesia

Emotional stress

Susceptibility factors:

Structural and ‘

Female sex
Age .
s ey '“:r:::;?A::“
Cenlral nervous system
L9
R
* Peripheral sympathetic
nerve activation
cat’.’zcholamine secretion
Density of - Endothelial
adrenoreceptors dysfunction
ET-A
ET-A
Density of 1 ar @l al
catecholamine : 2
producing | Switch to B-AR +microRNA miR-125a-5p
myocardial Gi protein +Endothelin secretion
cells signalling +Microvascular spasm

t Localized catecholamine secretion
in adrenaline srnthesmng
myocardial cel

Akthar M Mand Lischer TF:
Cardiovasc. Res. 2023
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Spontaneous Coronary Dissection (SCAD): Phenotyp and Causes

Angiographic Presentation

I._.{ ‘_ .‘

Pathology

T -

Intimal Tear Intramural
Hematoma

mmmmmm
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Number of Registered Medications in different Medical Specialites

Oncology Endocrinology / Diabetes Rheumatology / Inmunology Neurology
34

30

L |||| hll |.I|| ||||| | | ‘ lll. |||‘I | |||

. 0
2016t 2017 2018 2019% 2020 2021 2022 2024 2025

- n N
(4] o 4]

Number of medicines approved

]
)

1 Years 2016 and 2019 are interpolated estimates (EMA breakdowns by therapeutic area not available in published highlights). All other years are derived from primary EMA documents.

o @ESC
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No. Clinical Trials by Therapy Area

(Phase 1~3, Global, all trials conducted 2018~2023)™

Oncology / Hema-Oncc
Neurology

Infectious D. (Therapet
Endocrinology
Rheumatology

2023

Cardiovascular I

OE

77 approved

Infectious D. (Immunisc
Dermatology
Respiratory
Ophthalmology
Psychiatry
Hematology
Gastrointestinal
Reproductive Health
Hepatology

Other

1 New active

substance
(out of 39)

N
2
Vv

2024

114 approved

—)

2025

104 approved

3(+1
duplicate) CV

1 New active
substance
(out of 38)
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Herbs Molds and Fungi Pills Antibodies Genetic Tools

) 2 o

- ’ " "}
4 -
" - - > L 2
F @ S e’
Morphin Penicillin Aspirin Infliximab
Digitalis Streptomycin RAAS Inhibitors PCSK9 Antibodies ASO
Others Ciclosporin MR-Antagonists Canakinumab CrisperCas9
Statins SGLT-2 Inhibitors Ziltivekimab Gene Therapy
Many others Others

e From tender loving care to treatment and cure!

o @ESC

European Society

T.F. Lischer EHJ Cardiovasc. Pharm. 2025 of Cardiology
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ESC News

Trustworthy implementation of artificial
intelligence in cardiology: a roadmap of the
European Society of Cardiology

Folkert W. Asselbergs ® "**# and Thomas F. Liischer ®*>%7

Artificial Intelligence in Cardiology: A Roadmap of ESC

Al-guidelines
Big data

Qutreachleducation e
@ .
L ]

Digital health

Policy and regulation

John J. Hopfield Geoffrey E. Hinton

“for foundational discoveries and inventions
that enable machine learning —

" o F ta quality
with artificial neural networks and gl e

Tt Responsible
nl‘li:ls implementation
of Al in
I =, . P - o Standardized disease Evaluation cardiology
THE ROYAL SWEDISH ACADEMY OF SCIEMCES definitions and outcomes framework

European Society
of Cardiology
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intelligence
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The Digital Transformation of Cardiovascular Medicine

Al in Cardiovascular Medicine
Growth of PubMed Publications, 2005-2024

16'000

increase since 2005
14'000
CcovID-19 / digital
12'000 health surge
Deep learning
breakthrough
10'000
8'000
6'000
4'000
- . I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

~80x

Al Algorithm Patents in Cardiovascular Medicine
Estimated Annual Filings (USPTO + EPO + WIPO PCT), 2005-2024
~185x

6'000

increase since 2005
Inflection ~2015

5'000

FDA Al/ML device

list 1,000 (2024

Deep learning

4'000 & ImageNet era
3'000
2'000
- I I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

o

lar indications. Based on: USPTO AIPD 2023; Cascini et al,, J Med Internet Res 2024 (PMC11041483); WIPO IP & Health; AIPPI Al in Healthcare 2025,

@ESC
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Al/ML around the World
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EMA Multistakeholder Workshop July 1st, 2026
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@ ESC ° ° ° ° ° °
European Society The ESC Congresses & Events Journa Is Guidelines Education Researc h
of Cardiology

ESC Digital & Al
Summit 2026

12-13 November
Basel, Switzerland

#ESCAIsummit26

European Society
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EU
Artificial
Intelligence
Act

The EU Al Act (Regulation 2024/1689)
Is the world’s first comprehensive legal
framework regulating Al. It employs a
strictly risk-based approach, i.e. the
severity of the rules directly scales
with the potential for societal harm.
With health care being high risk. The
regulation entered into force on 1.8.24,
with rules phased in upto 2027.

@ESC

European Society
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Randomised controlled trials evaluating artificial
intelligence in clinical practice: a scoping review

Ryan Han, Julian N Acosta, Zahra Shakeri, John P A loannidis, Eric | Topol*, Pranav Rajpurkar*

I Gastroenterology [ Radiology [ Cardiology [ Surgery [ Oncology [ Neurology [ Pulmonology I Ophthalmology
I Endocrinology [ Anaesthesiology [ Orthopaedics [ Critical care  [C] Dermatology Bl Physical therapy [ Emergency medicine [l Audiology
[ Llong-termcare Wl Pain management [ Primary care
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Lancet Digit Health 2024; 6: e367-73

=

k CrossMark

RCTs Using Al Algorithms in Cardiology

EchoNet-RCT (ESC 2022 / Nature Medicine 2023)
Al-Echo RCT (JAHA 2026)

VITAL-AF (Heart Rhythm 2022 / sub-analyses ongoing)
Al-ECG for AF & OAC Adoption (JAHA 2025)

Lancet Al-AF Screening Study (Lancet 2022)
TRICORDER Al Stethoscop) Lancet 2025

Pragmatic RCT of AI-ECG for Low LVEF (BMC Medicine
2025)

9. Al-enhanced ECG in Acute Cardiac Care, Nature Med.

2024
@ESC

10. FLAVOUR I (Lancet 2025)
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Main flagship
actions

t for advanced

Coordinate the
development of centres
of excellence with
Member States

Attract and retain talent
in synergy with Member
States' activities.

ors

Connect startups,
industry and investors.

al Research Inves

Pla

Facilitate funding for muilti-
country clinical trials.

Make the EU a world-class
innovator in microbiome-based
solutions.

(XEESEEEES

EU Biotech Act

Foster innovation by simplifying
rules and providing supportive
measures.

* One Health recognises the
interconnectedness of hurmnan,
animal, and environmental health.

FOR LIFE

SCIENCES

A Strategy for European

Life Sciences

Optimising the
research and innovation
ecosystem to promote
global competitiveness

Boosting trust,

o uptake and use of
(9] these innovations

Ensuring rapid market
access for life science
innovations

ESC

European Society
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afe Hearts Plan BaEYElelg
- Cardiometabilic

Syndromes
- Nutrition & Soft drinks
, o _ - Nicotine
f EI::IThr:J:uﬂ: culor R : - Vaccination

8\ . Artifical Intelligence
] - Diagnostics
- Risk assessment
- Management

CV Research
f‘ '-i'f_l _ﬂ i @ ESC - Closing the gap

- H.{Iﬂ‘lﬂl! Ja rh‘l:l'l.ﬂE AChait Euro pean SGC!EtY L L5 Hiver Varhehy - U nmetnee d S
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@
Personalized
medicine
=
Clinical
findings L fa ster

- more consistent
- more integrative
- more precise

RS

Lischer TF, Wenzl F, Friedman P, Antoniades D. Eur.

Artificial
intelligence

4 . . o - 9 Treatment
B ! i
o Digi‘t?] Twin Diagnostics . 0 Prognostics

. 2024; in press

ESC
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From an Impressive Legacy to a promising Outlook
- European CV Research and Medicine was highly successful

- Still, CVD are the major cause of mortality in Europe

- Unmet medical needs must be addressed

- Innoy— e —=——23 and Chif®

- The D

-TheELMany thanks e
@ESC
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