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Cardiovascular diseases -

Inherently suited for d

Well-defined disease phenotypes
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Access to large cohorts and data sets _
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Hard clinical outcome measures

Standardized evidence-based treatment pathy

KLINIKUM
igital applications

r Liquid and tissue biosamples
0 &~

Imaging and digital ECG data sets
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Telemedicine applications

Wearable devices

Animal models for (reverse) translation



Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

New translational approaches (*omics)

« Advanced Omics technologies
« Bioinformatic analysis




Translating mechanism into clinical application P cniom

Clots complicate cardiovascular diseases

Venous Myocardial Stroke
thrombosis infarction

/ immunity

coagulation
platelets

Thromboinflammation



Multi-Omics in cardiovascular risk stratification P conncom

Use case: Acute and chronic coronary syndromes

| Percentage variance in each data type (view) explained by each factor

Total Multiomic data integration (MOFA) Plasma-Proteomics
n =117 patients, P— — - HK tt:ells h(;])luster 3) [ | -
iy actors eutrophils
n =838 samples vl = — CDis““‘EMonocytes(CIusterB) ]
— Mlnicevalies: fyal - CD16"sh Monocytes (Cluster 12)
n=125 [ el rwﬁ"f Dendritic cells (Cluster 13)
[ = [ 5 Cytokines
Whole blood inical values ]
- i 2 CD8" T cells (Cluster 1
K4 | — - = Downstream g CD4* T cells (Cluster 5
_ - fors w* Rl CD4* T cells (Cluster 2
1 scRNA-seq v & Tregs cells (Cluster 11)
o n=121 14x 14‘; cD4* Jmcells (Cluster 0?
o Factor analysis CD14" Monocytes (Cluster 7)
4 ﬁ CD14"s» Monocytes (Cluster 6
— @ @ o CD14"" Monocytes (Cluster 4,
PBMCs Flow cytometry £ £ x 8 Multicellular B cells {Cluster 8)
‘ n=122 & = < pathways B cells (Cluster 10) !
@ L) [ T T T T T T T T T T T T T T T T T
& w| o Or-rN®mTWLWON®O
— [l 1= Cell-cell P EEsEEEEEETESERES
Blood (il " w communication oL bboeceessgggegs
Cytokine assay ¥ _ (5] EEEEEEEgE“gﬂ“gﬂNgg
n=127 Clinical L5 { I I N T T | E M T
| ] prediction
kv P
Plasma l\“,‘,“i Y W
Plasma proteomics
n=19
— W
(D) — | | wen .
=’ v dvah Lx
Prime-seq 2 Sl
PMNs n=121 14 - 59
I g a - L1} .
I . 3 o - :
= .
. — > g 32 'L::
E L Validation of MOFA S 50
. ., ]
\‘.\ ) alida S S . 3200
RNA- 8 ® B . " ¥
11 sC -seq w » O .
il PN n=103 24 " 3 Fadq e '
o]
Munich cohort Groningen cohort
-4 T T T T T T -2 T T T T
TPO TPO TP1 TP2 TP3 TP4 TPO TP1TP2TP3
—_— e —__
505 006 P.Cf’ G’d\' P,Gc"
W
Timepoint (TPM) Timepoint (TPG)

Pekayvaz et al., Nature Medicine, 2024



Multi-Omics in cardiovascular risk stratification P conncom

Use case: Acute and chronic coronary syndromes
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Deducing complex immune signatures to single factors that correlate with clinical characteristics in a
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Multi-Omics in cardiovascular risk stratification Mikunikum

Use case: Acute embolic stroke

Valvular Heart
Disease

Origin drives
antithrombotic
managment

Atherosclerotic
Plaques

Cancer

Ntaios et al., JACC 2020



Multi-Omics in cardiovascular risk stratification P conncom

Use case: Acute embolic stroke
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Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

New translational approaches (*omics)
« Advanced Omics technologies
« Bioinformatic analysis

Precision medicine
« Personalized treatment
» Al-powered Clinical Decision Support




Biosignals for cardiovascular risk stratification

Use case: Prediction of outcome
Autonomic function predicts outcome
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Biosignals to personalize therapy LT KLINIKUM

Use case: Prediction of therapy response in HrEF patients
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Artifical Intelligence-powered ECG evaluation

KLINIKUM

Use case: Detection of acute coronary occlusion myocardial infarction

Paients (o = 2.222)

—d~ Unique ECGs, n 3254
@ Geography, n (%) Europe 1,589 (72.0)
United States 633 (28.0)

% Age [years], mean (SD) 62 (14.0)
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Q.. Primary endpoint, n (%) Not-OMI 1,774 (78.4)
oM 489 (21.6)
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AI-powered echocardiography P conncom

Use case: assessment of left ventricular ejection fraction (LVEF)

100 100

5 75 € 75
£ 2

3,769 Echocardiogram studies % . I
were assessed for eligibility g% 2
o °
] B
S g

» 274 Studies were unable to 2 o5 3 25
w =
be traced by sonographer =

3,495 Studies underwent randomization o B

| 0 25 50 75 100 0 25 50 75 100
1 l Al initial assessment (%) Sonographer initial assessment (%)
1,740 Studies assigned 1,755 Studies assigned it i
to Al guidance to sonographer guidance

| l

1,740 Studies underwent 1,755 Studies underwent
cardiologist evaluation cardiologist evaluation

75 75

50 50

25 25

Historical cardiologist assessment (%)
Historical cardiologist assessment (%)

MAD 6.29% MAD 7.23%
0 0
0 25 50 75 100 0 25 50 75 100
Cardiologist with Al guidance (%) Cardiologist with sonographer guidance (%)

He et al., Nature 2023



AlI-powered stethoscope

KLINIKUM

Use case: Al-guided screening for peripartum cardiomyopathies in Nigeria

Control
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/ Standard of care

Intervention
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Al-powered digital stethoscope and
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LVEF<50% detected:
* 4,1% in intervention arm
« 1,8% in control arm

(OR 2.3; p=0.019)

AUC: 0.952 (0.917, 0.987)

Accuracy: 80.4% (77.0%, 83.5%) (472/587)
Sensitivity: 92.3% (74.9%, 99.1%) (24/26)
Specificity: 79.9% (76.3%, 83.1%) (448/561)
PPV: 17.5% (11.6%, 24.9%) (24/137)

NPV: 99.6% (98.4%, 99.9%) (448/450)
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SPEC-AI Nigeria Investigators, Nature Medicine 2024



Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

New translational approaches (*omics)
« Advanced Omics technologies
« Bioinformatic analysis

Precision medicine
« Personalized treatment
» Al-powered Clinical Decision Support

Contemporary platforms

» Federated Learning
« FAIR principle / FHIR




Federated Learning
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Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

New translational approaches (*omics) Next generation wearables
« Advanced Omics technologies « Continuous telemonitoring
« Bioinformatic analysis « Data Integration @ healthcare platforms

Precision medicine
« Personalized treatment
» Al-powered Clinical Decision Support

Contemporary platforms

» Federated Learning
« FAIR principle / FHIR




Wearables in cardiovascular health

Patient initiated
photoplethysmogram on
smartphone
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Semi-continuous
photoplethysmogram on a
smartwatch or wearable
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e

®

Stroke unit/in hospital telemetry
monitoring

9

®)

/.

/

Patch

Y

v )

1-2 week continuous ECG patches
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Intermittent smartwatch ECG
initiated by semi-continuous
photoplethysmogram with
prompt notification of irregular
rhythm or symptoms
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rhythm strip using smartphone or
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dedicated connectable device
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modified from the ESC Guidelines for the diagnosis and management of atrial fibrillation, Eur. Heart J 2020
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Implantable cardiac monitors




Implantable monitors in cardiovascular health P cunikom
Use case: SMART-MI RCT - telemedicine detection of arrhythmias post-MI

501 HR6.33 (95% Cl 3.40—-11.78); p < 0.001

S B 41.2% after 36 months
£ 401 ICM 49.1% after 57 months
% — Control
o 30/
E
£ 20 AF = 6 min, AV-Block =IIb, VTs, VF
§ 10.7% after 36 months
5 104 ; I 10.7% after 57 months
'_l
O.

Number at risk Follow-up (months)

ICM 201 144 105 76 57 36 24
Control 199 177 139 109 83 56 41 Bauer et al., Lancet Digital Health, 2022



Wearables in cardiovascular health P cLinicum
Use case: eBRAVE RCT - telemedicine screening for atrial fibrillation

w

OR 2.12 (95% Cl1 1.19 - 3.76; p = 0.010)

Type of primary evant Hazard ratio for MACCE (85% CI) Fvalse

Atrial fibrillation I il I 6.13 (3.07-12.21) <0.001
— Group 1: Digital screening
21 s . ‘
Group 2' Usual care PPG-detected atrial fibrillation i L | 3.22 (1.00-10.33) 0.049
Abnomal PPG } i } 2.74 (1.25-6.00) 00i2
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- What is new?

\

Cumulative incidence of
atrial fibrillation requiring oral anticoagulation (%)

0 « Astrategy of digital screening using
0 1 2 3 4 5 6 smartphones provides substantial benefits in
Time (months since randomization) .
Patients at risk detecting AF compared to usual care.
Group 1: 2860 2659 2640 2623 2614 2607 2603 e Novel site-less pragmatic StUdy design
Group 2: 2691 2557 2538 2531 2527 2521 2514 \ )

Rizas et al. Nature Medicine 2022



Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

New translational approaches (*omics) Next generation wearables
« Advanced Omics technologies « Continuous telemonitoring
« Bioinformatic analysis « Data Integration @ healthcare platforms

Precision medicine Digital trial units

» Personalized treatment  Virtual clinical trials
» Al-powered Clinical Decision Support * Clinical Trial Recruitment Support Systems

Contemporary platforms

» Federated Learning
« FAIR principle / FHIR




The digital clinical trial P cLinikum

Recruitment

E : * Seek potential participants
Lo s * Eligibility screening Participation
- 0 ' ¥ . Planing exams & interviews
8 8 : 'Enlzz)lrlmrzg (r:‘:nsent : * Task planing
'e = ) + Contact participant
£a : ¢ * Pseudonymization : Contact paricipants
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Dissemination,
Communication,
Post-approval

Trial design Trial conduct

and planning and operations

: Clinical trial manageme h management system

¥ Clinical trial recruitment
! support system /
¢ Patient recruitment system

¢ Digital consent management
: Electronic consent / eConsent

: Identitymanagement
: Pseudonymization service

IT assistance

: Visit scheduling system
: Task and workflow management system

doi: 10.1093/jamiaopen/ooaal41



The digital clinical trial P cLinikum
Use case: LMU clinical trial recruitment tool

Vorname o

OLIOLO0K 19.11.2021 MIGPM1hf 19.11.2021 Q Kandidat fur Screening w
Nachname
Name 2 MIGF4 19.11.2021 Kandidat fur Screening =
Name 3 MIGF4 17.11.2021 Q Kandidat fiir Screening o
Vorname
Nachname FPabientAge: 46 @

HIV: No {19.11.2021)
Ischamische Kardiomyopathie: No (19.11.2021)
Name 2 Dilatative Kardiomyopathie: Dilatative Kardioymopathie ED 2013, 1 Bruder bereits verstorben, progredient im Verlauf, bei hochgradig dilatiertern LV mit
hochgradig reduzierter LV-Pumpfunktion {19.11.2021)
Left ventricular Ejection fraction by US: 26.2 (19.11.2021) 21.154 (19.11.2021) 28.763 (19.11.2021) 29 (19.11.2021)

Name 3 e e . o g =
Vorname | =
HHXHXKXX 19.11.2021 MIGPM1hf 19.11.2021 Q Kandidat fir Screening
Nachname k‘
Name 2 MIGF4 19.11.2021 Screentng lauft
| E/A-Kriterien passend i
| E/A Kriterien nicht passend i
Name 3 MIGF4 17.11.2021 Q | ssicgs

| lehnt Studie ab !

Scherer at al, Stud Health Technol Inform 2022



Emerging areas of digital approaches in P cLinicum
cardiovascular healthcare

Next generation wearables
« Continuous telemonitoring
« Data Integration @ healthcare platforms

New translational approaches (*omics)
« Advanced Omics technologies
« Bioinformatic analysis

Precision medicine
« Personalized treatment
« Al-powered Clinical Decision Support

Digital trial units
« Virtual clinical trials
« Clinical Trial Recruitment Support Systems

Contemporary platforms
« Federated Learning
« FAIR principle / FHIR

==) Optimized patient care




Conclusions KLINIKUM

=Digitalisation provides benefits for patients and healthcare
providers.

=Balanced approach to innovation, addressing both technical
and ethical considerations.

=Critical challenges (data privacy, security, and the need for
robust interoperability across systems).

=Continued collaboration among stakeholders of utmost
iImportance.



