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CAUSES OF DEATH IN US: 2019 - 2023
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DECLINE IN DEATHS FROM CARDIOVASCULAR DISEASE IN RELATION TO SCIENTIFIC ADVANCES
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ARTIFICIAL INTELLIGENCE: HISTORY AND DEFINITION

«A computer would deserve to be called
intelligent if it could deceive a human into
believing that it was human.

Can machines think?»

Alan Turing, 1950

ARTIFICIAL INTELLIGENCE

is a tool that uses machines to learn
and perform complex tasks

MACHINE LEARNING

is an algorithm that can find solutions
to problems using the data provided

and improve performanceby the
exposure to more data

DEEP LEARNING

uses convolution neural networks to
idenﬁfy patterns and learn information
trom vast amounts ot data

Di Costanzo A, Spaccarotella CAM, Esposito G, Indolfi.
J Clin Med. 2024;13(4):1033.
XX
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ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

DATA: Training and Derivation Cohort ALGORITHM
| T .

DATA: Verification Cohort
CONFIRMED ALGORITHM -y . —
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PATIENT-GENERATED HEALTH DATA (PGHD)

+ The efficient application of wearable

devices to clinical practice could be S — Portal
facilitated by a platform that ingests data  communication Communication
from a variety of wearable devices,
followed by filtering (identification of

L ) USER EHR/ CLINICIAN
clinically true data), display, and HEALTH
annotation, and critical alerting @ oo SYSTEM

processes. i Biier =
Ingest >, 2. Display
(universal) 3. Annotate

* The curated data/reports would then be 4. Alert
sent to the electronic health record. D n
* Interaction with the data (including
ordering and reporting) could remain

through the electronic health records to Facilitated
simplify workflow and minimize the f s

problem of multiple logins

Varma N et al. J Am Coll Cardiol. 2024;83(5:611-631). "" Cardiologia
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ARTIFICIAL INTELLIGENCE: TO ACHIEVE PERSONALIZED
THERAPY IN CARDIOLOGY

Imaging

: ﬁ Portable devices
©
~ >
@ & o @ @ Biometrics
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Clinical information including patient e
data, laboratory parameters, and

results from clinical examination, = 5
large-scale data from registries, findings
imaging data, and patient biometrical

data can all be processed by artificial

intelligence. Artificial
i i ey e
intelligence AN

Resulting models allow for disease
phenotyping, enhance diagnostics,

improve prognostication, and facilitate ph':;ﬁﬁng
treatment decision-making, thus

ultimately contributing to a more o
personalized therapy of patients with i ii

cardiovascular disease.

A 4
o L & 9 Treatment
| 4 v
0 Prognostics

Liischer TF et al. Eur HeartJ. Published online August 19, 2024. >
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ROLE OF ARTIFICIAL INTELLIGENCE IN CARDIOVASCULAR MEDICINE

Research and . . Population

A A A

\ Th i Al-aided Therapy Optimized
Aog‘:eer}t Dﬁrcacﬁ,eelr';'c Diagnosis Selection Resource Allocation

[l s

Intelligence

Continuous
Remote Monitoring
and Diagnostics

Precision
Disease Stratification

At oion N i

Physician Efficiency
and Efficacy
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ADVANCING CARDIOVASCULAR CARE WITH ARTIFICIAL INTELLIGENCE

Jain SS etal. JAm Coll Cardiol. 2024;83(24):2487-2496. > . 4
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CARDIOVASCULAR ARTIFICIAL INTELLIGENCE BY IMAGING MODALITY

Electrocardiograms

and Wearables

Echocardiograms

MRI, Nuclear, CT

Coronary
Angiography

« Detection of structural
heart disease from
12-lead ECG

« Detection of atrial
fibrillation wearable
smartwatch

+ Screening for
asymptomatic LV
dysfunction (LVEF <50%)

» Cardiologist agreement on
LVEF greater with Al vs
sonographer

» Diagnosis of HCM and CA
from other causes of LVH

» Novice users assisted to
quickly and accurately
assess LV

+ Auto-assess coronary
calcium on all CT scans to
find untreated CAD

« Perivascular fat attenuation
index on Coronary CTA to
predict mortality

» Al-based virtual native
enhancement replacing
LGE on CMR

Elias P etal.,JAm Coll Cardiol. 2024;83(24):2472-2486.
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» Automated LVEF calculation
without requiring
ventriculogram

» Prediction of MACE based
on plaque morphology on
angiography

» Coronary artery stenosis
localization and estimation
during LHC
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THE EMERGENCE OF ARTIFICIAL INTELLIGENCE IN CARDIOLOGY:
CURRENT AND FUTURE APPLICATIONS

Prediction of fatality
Forecast events based on streaming
data

Robotic procedures
High precision surgeries

Personalized prescription and
precision medicine
Indicidual’s history based prescription

Cardiac imaging
Automation for an
efficient workflow

Police individual health
An advisor for indicidual’s care

Personal assistant to the physician
Data availability to make an informed
decision

Artificial intelligence and cardiology.

® 4 C
Kulkarni P et al. Curr Cardiol Rev. 2022;18(3):e191121198124. Cardlologla
Universita degli Studi
di Napoli Federico IT




ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-1

) oayvortheuis 28 2 4

History taking

Inspection Auscultation

o T

approach
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| recordings
Video-based gait ) “ (e
Automated clinical . . analysis - objective
documentation Biometric

frailty metrics ECG+ auscultation

Phonocardiography

ATTR-CM

Handheld \
technologies
extending the

Point-of-care . Point-of-care
. . traditional exam
fundoscopic screening ultrasonography m

| evaluation of
Ry o volume status

i /f Y
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(. face-to-face time e DX

L4 documentation time ADHF

CV risk

WA Cardiologia

Universita degli Studi
di Napoli Federico IT

Oikonomou EK et al. Eur Heart J. 2024;45(35):3204-3218.




ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-2

b 4

> In-between visits >

!"
1 © 3‘\0“ Hospitalization
O

Current
approach

Digital health-enabled remote monitoring

r Hidden labels/screening
' CaI|brat|on f 6 @
i > /

Vital signs, blood Continuous ECG ((‘)) Timely therapeutic
pressure, baseline Continued cuffless BP monitoring — adjustment prevents

ECG (e.g., QTc) Changes in biometric a hospital admission

((.)) . signals provide an
Callbratlon q A\ sl
O b
Volume status, Remote multi-modal sensors
physical exam (e.g., voice-based methods,

remote implantable sensors)

Oikonomou EK et al. Eur Heart J. 2024;45(35):3204-3218.
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ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-3

> >> > Subsequent visit planning

Previous data

Chart review Evidence review
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Streamlining a tedious process to Maximizing inference Mapping of COmPHt? ble
maximize information yield and bevond the initial reports P.hETTOtVFJES to C|InIC.a|
the safety of transitions in care Y B guidelines, best practices
l l and quality metrics
1: —_— Automated summarization of ' ‘
= 1| previous encounters Hidden label detection Global
\
/

standardization &

' interoperability
(Common Data Models)

P Opportunistic screening
—' i Accuracy? H

/D . &3 Speed

(1 Quality of care transitions

Multimodal risk stratification

3 Quality assurance
(Personalized RCT and guideline
interpretation)
Clinical decision support tool for efficient visit planning
» &
Oikonomou EK et al. Eur Heart J. 2024;45(35):3204-3218.
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ARTIFICIAL INTELLIGENCE IN PREVENTIVE CARDIOLOGY

‘—é@ Cardiac and Non-
eacd Cardiac Imaging
Al models have shown superior

performance in  personalized ] Social Media

ASCVD risk evaluation compared to
traditionalrisk scores; o

| = | Medical Records
m Biological and

Clinical Data

.. Outcomes-Based
2O Randomized Clinical Trials

o Health Equity

=m Considerations

? " Fairness and Bias
= | == Mitigation

Creating and
Implementing ML Models
in Preventive Cardiology

These models support automated
detection of ASCVD risk markers
(including coronary artery calcium, :
chest X-ray, mammograms, L
coronary angiography and CT-

scans);

Large language models are
effective in identifying and
addressing gaps and disparities in
ASCVD preventive care.

Parsa S et al., Curr Atheroscler Rep. Published online May 23, 2024.
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MACHINE LEARNING VS. ACC/AHA Risk CALCULATOR

Hard CVD events
(MI, CHD Death, Stroke, Stroke Death)

6,459 subjects in MESA
free of CVD at baseline

All CVD events
(MI, CHD Death, Stroke, Stroke Death, Angina,
Resuscitated Cardiac Arrest, Other Atherosclerotic
Death, Other CVD Death, CHF, PVD, PTCA, CBG,
TIA, Other Revascularizations)
6,459 subjects in MESA
free of CVD at baseline

ACC/AHA ]

Machine Learning
Risk Calculator Risk Calculator®

ACC/AHA ]

Machine Learning
Risk Calculator Risk Calculatort

Who should take statin?  'Who should take statin?

1 11.4% 1 46.0%
(735) (2,972)
88.6% 54.0%
(5,724) (3,487)
No Statin No Statin

M Statin eligible
Statin non-eligible

Missed Rx Opportunities Missed Rx Opportunities
Adverse events in “No Statin™ Adverse events in “No Statin™

1 14.4% 23.8%
(69) 114)
' Total Events '
480
85.6% 76.2%
(411) (366)

Hard CVD events in statin recommended
® Hard CVD events in statin not recommended

Who should take statin?  Who should take statin?

1 25.1% 1 46.0%
'(LGZ-") ‘2,972)
74.9% 54.0%
(4,836) (3,487)
No Statin No Statin

W Statin eligible
Statin non-eligible

Missed Rx Opportunities Missed Rx Opportunities
Adverse events in “No Statin™ Adverse events in “No Statin”

4.4% 1 24.8%
(43) (242)
Total Events
976
95.6% 75.2%
(933) (734)

All CVD events in statin recommended
®m All CVD events in statin not recommended

Sensitivity

09

08

0.7

o
o

o
o
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03

02

0.9F

0.8

0.7

=
)

Sensitivity

e '—ACCIAHA Risk Calculator: AUC = 0.72 (All CVD events)
Machine Leamning Risk Calculator: AUC = 0.94 (All CVD events)

1 L 1 I

0.4
0.3
0.2
.I’ 1 0.1
#| == ACCIJ/AHA Risk Calculator: AUC = 0.71 (Hard CVD events)
Machine Leaming Risk Calculator: AUC = 0.92 (Hard CVD events) .
| | L L 1 1 | L L 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0

0.2

0.3

I I
0.4 0.5 06 0.7 0.8 09

1-Specificity

1-Specificity

ML Risk Calculator outperformed the ACC/AHA Risk Calculator:

* Less drugtherapy;

* Missing fewer CV events.

Kakadiaris IA et al.,J Am Heart Assoc. 2018;7(22):e009476.
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ASSOCIATION BETWEEN MACHINE VISION-BASED BUILT ENVIRONMENT FROM
GOOGLE STREET VIEW AND PREVALENCE OF CORONARY ARTERY DISEASE IN U.S CITIES

A L DL L + Neighborhood characteristics derived from Google Street View (GSV) images of

7 U.S. cities (Cleveland, Fremont, Kansas City, Detroit, Bellevue, Brownsville
and Denver) were associated with 63% of the variance in prevalence of CAD.

* Compared with a model including age, sex, race, income, education, and
composite indices for social determinants of health, addition of GSV features
enhanced the association with CAD.

Street view images in neighborhoods Built environment features extraction
with distinct CHD prevalence with convolutional neural networks

R/

Feature #458

c GSV associated with lower CHD

Visualization of deep learning features Features associated with CHD prevalence compared
on original street view images to demographic and socio-economic factors

LMEM __ R leg

o | model AIC  BIC Marg. Cond. Lik Test LRT p value
X ¥ DSE+GSV 6320 6970 0760 0792 -3080

I DsE 7060 7430 0645 0738 -3680 DSE+GSVvs.DSE 120 <001
l GSV4DSE 6320 €970 0760 0792 -3080

Predicted 63% of the GSV 9880 10300 0608 0645 -4680 DSE+GSV vs. GSV 320 <001
census tract variation pge 7060 7430 0645 0738 -3680

in CHD prevalence oo, g0 1000 0s08 0645 4680 DsEwGsv 201 <o0n

Chen Z et al. Eur Heart J. 2024;45(17):1540-1549. > .
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GAPS IN CARE OF A PATIENT WITH PAROXYSMAL ATRIAL FIBRILLATION AND HEART FAILURE
IN A TRADITIONAL EPIsoDIC CARE MODEL

O
¢
& A & & A
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S Q S &% > S Q
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Severity of Heart Failure

e T

Atrial Fibrillation (AF) Months

»® ¢ . .
Spatz ES. et al. N Engl J Med 2024:390:346-56. Cardiologia

di Napoli Federico I




Al-BASED VS. TRADITIONAL TOOLS FOR AF DIAGNOSIS

Al-based methods for the

Al-based technologies for the
PPG diagnosis of atrial fibrillation have

diagnosis of Atrial Fibrillation
Photo  photo

e recepor el VWV high sensitivity and specificity for
PubMed Cochrane A .
Library TR the detection of AF.
Embase
Google
Scholar

Al-based

technologies

Sensitivity: 95.1% / Specificity: 96.2%
Unclassified/Unreadable results: 0% to 43.2%
14770 studies \

Single-lead ECG —
| =l — .

31 selected studies ——» VS Sensitivity: 92.3% / Specificity: 96.2%
Unclassified/Unreadable results: 0% to 38% - ) L S )
] + Continuows health monitoring wia a non-invasive cost-effective
interface
g + Reduction in clinic visits
E « Physician-consumer collabaration to modify heatth behawviours
« Early diseasa detection
< |+ Facilitate personalized and precision medicine
Physician interpreted:
Gold staidand * 12-ead ECG w [+ Interruptions to PPG signal quality
—
. 6jLEAD ECG & + Cumenth; only accurate and validated for detecting AF
¢ Single-lead ECG 5 s Lack of clinical trial data on MACE outcomes
[ ] » 3-lead Holter = + Lack of integration into existing clinical workflows
- o Telemetry S | * Regulatory and cybersecurity concerns with consumer data

Manetas-Stavrakakis N et al., J Clin Med. 2023;12(20):6576.
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WEARABLE DEVICES FOR AF DiIAGNoOsIs: THE APPLE HEART Stupy [ . —

‘ 419,297 Were included ‘

in the study population No. Notiﬁed[
\ Subgroup Total No. (%)

' |

417,136 Did not racelve irregular 2161 Received irregular pulse notification I
pulse notification Overall 2161/419,297 (0.52) " -
[ 1711 (79.2%) Were excluded K = 1
Age '
—- =65yr  775/24,626 (3.14) - ——
55-64yr  556/42,633 (1.30) ot ;
945 (‘43‘7%) Were wpgluded 1
in first study visit 40-54yr  488/132,696 (0.37) |'| !
22-39yr  341/219,179 (0.16) | ! ! !
291 Were excluded at first study :
Z;‘il!lad urgent symptoms Sex g y
174 ';;:H';;f::’:f;:‘t:'r Female 461/177,087 (0.26) L] ! l.
il Male 1672/238,700 (0.70) H i )
33 Had other reasons T T T 1
0 1 2 3 4

658/945 (69.6%) Had ECG R
patch shipped Percentage Notified

208 Were excluded after ECG

patch was received
: S:;:“C: um;chc . . Notification Non-notification
b e No. of Patients with Subgroup Subgroup
* ;:iﬁ?jieﬁéﬁé?ﬁ;;“:* Subgroup  AF/Total No. (%) Variable (N=929) (N=293,015)
=45 days after first study
e o - ‘ R R L D )
within 14 days after ship- i i 1 ]
T Overall 153/450 (34) = : - Atrial fibrillation 404 (43) | 3070 (1.0)
i —— Age ; :
shipment date and time g ! ! ! |
atch was applie 1 1 1 trok 7 (0. 21 (0.1
ot i =65 yr 63/181 (35) T SOk ©8) 321(0)
irst study visit ! ! ! ! !
55-64 yr 47/114 (41) A R M A ; ; TIA 12 (1.3) 498 (0.2)
Aé(é/cmpxa:(csmfaét)v?:::l;id 40-54 yr 34/106 (32) ; l—-—'—-—l : ' Heart failure 30 (3.2) 648 (0.2)
= "“l"“’“d 22-39yr 9/49 (18) —_ j : Myocardial infarction 10 (1.1) 574 (0.2)
| 1376 (3,72 Completed ‘ ‘ 3721450 827%) Complted ‘ Sex : : : 1 Major bleeding 7 (0.8) 842 (0.3)
i s ; : ]
Fen;ale 26/102 (25) : : . Medication use — no. (%)*
: Male 124/335 (37 L e
e 333 (37) s e I B s p s S | Warfarin 20 (2.2) 265 (0.1)
¥ 1 20 B0 30 30 B0 70 R 5% N0 Direct oral anticoagulant 202 (22) 996 (0.3)
=ipggentsl | | agmsaesl || Sgmman | AF Yield e} Aspirin 338 (36) 40,774 (14)

X X

' Cardiologia
Perez MV et al., N Engl J Med. 2019;381(20):1909-1917. Fitiacyoe e s




CONTACT FREE DETECTION OF AF FROM VIDEO WITH DEEP-LEARNING

20 patients with permanent AF and 24 control individuals in
sinus rhythm were recruited;

* Analysis of facial photo-plethysmographic (FPPG) signals
12-Lead ECG " from multiple patients concurrently using a single digital

AF SR AF SR| SR i i .
J LM }\J | 0 11 EEar i | | 4 | L camera and a pretrained deep convolutional neural network;

h W Y | + Pulse irregularity in >50% FPPG segments for each patient
, was considered positive for AF;
17-s FPPG Irregular Regular Regular

e 64 videos were recorded, each capturing 5 patients
e simultaneously in 32 different heart-rhythm permutations
L= based on a 5-participant binary (AF/SR) matrix;

 Each patient appeared in 7 videos and 320 individual FPPG
signals were analyzed.

. Diagnostic Accuracy of Facial Photoplethysmographic in Detecting Atrial Fibrillation

12-Lead ECG
Variable AF Present AF Absent Total
FPPG, No. (%)?
| Positive 150(46.9) | 3(0.9) 153
Megative 10(3.1) 157 (49.1) 167
Total No. 160 160 320

@ 4 S
Cardiologia
Yan BP et sl., JAMA Cardiol. 2020;5(1):105-107. Nl Fe el
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TEMPORAL PROGRESSION IN AUTOMATED QUANTIFICATION IN ECHOCARDIOGRAPHY

1985 1994 1996 1997 2002 2005 2009 2010 2013 2014 2016

» @ ¢

Seetharam K et al., Front Cardiovasc Med. 2020;7:618849. Published 2020 Dec 23. '
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100 1

Final cardiclogist assessment (94)

751

50 1

25 1

Al IN ECHOCARDIOGRAPHY

Al-guided workflow for the initial assessment of cardiac
function in echocardiography was non-inferior and even
superior to the initial assessment by the sonographer.

Cardiologists required less time, substantially changed the

ST ) Image
initial assessment less frequently and were more consistent acquisition
with previous clinical assessments by the cardiologist when
using an Al-guided workflow.
1001
g
£ 75
3]
£
0
e
@
@
@ 904
(=) Image
L= .
2
8 analysis
S
[
B 25;
L
MAD 2.79% MAD 3.77%
04
25 50 75 100 0 25 50 75 100
Al initial assessment (%) Sonographer initial assessment (%)

He B et al., Nature. 2023;616(7957):520-524.

CARDIO
X541
20Hz
17cm

Eull Volume

WA Cardiologia

TIS04 MI1A

Universita degli Studi
di Napoli Federico IT




Coefficient of variation (%)

Al IN CARDIAC MAGNETIC RESONANCE

* Al-guided analysis was quickly than human;
* Machine analysis had superior precision with more repeatability;

* This translates to a 46% reduction in required trial sample size using an LVEF endpoint.

Intra-observer reproducibility - Scan-rescan reproducibility

£ 12
B Human ®ML E 10 ®Human EML
€ 8
g
s °
g
1 1 { 1
& 0
Lt
h‘]qss ED".ll SV i 'ISS
Intra-observer Reproducibility (%) Scan-rescan Reproducibility (%)
-Human Machine Human Machine

EDV | 3.2 (26-3.8)|0 P<0.001** | 5.7 (4.8 - 6.4) 5.4 (4.3 -06.8) |P=0.04*

ESV |7.6(6.3—9.1) |0 P<0.001** |[10(8.1-11.9) 89(7.6—103) [P=0.10

EF 51(3.7-64) |0 P<0.001** | 6(5.1-7.0) 4.2(3.5-5.0) |P<0.01*

VM | 39(34—44) |0 P<0.001** (4.8 (4.1-5.6) 36(29-43) |P<0.01*

[ ] o
Cardiologia
Davies RH et al., J Cardiovasc Magn Reson. 2022;24(1):16. Published 2022 Mar 10. Universita degli Studi
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Al IN AORTIC STENOSIS EVALUATION

0%e09%0 09090
09%)%® (OO0
aYa%s ea%Ye
------------ New England cohort [2016-2021] O R R AP ©  Using self-supervised pretraining and

ensemble learning, a deep learning

x i

Derivation set
[2016-2020]

* 6185 studies (20 542 videos)
* Yale-New Haven Hospital sites

Parasternal Long Axis

; 1_@? ’_}; g :
T e L e o
NS 2 %

\.

2 oS

Echocardiograms

Deep Ensemble Learning

l

'/)— AUC: 0.952 (0.941, 0.963)

00 = T T T T
00 02 04 06 08 10

Specificity

Severe AS Detection

Holste G et al., Eur Heart J. 2023;44(43):4592-4604.

)| model was trained to detect severe AS

E External test set Temporally distinct test set Geographically distinct test set using smgle-wew echoca rdlography

i [2016-2020] [2021] [2018-2019] without Dopplerimaging.

i :[3\1072$t|Ud||S|S (1(|)_|160 vrlldeols) . :i?l40 studies (6530 videos) « 4226 studies (10 455 videos) The model m?mtalned |'.Ilgh

: on-rale-INew maven Osplta sites sites performa nce in multlple

5 geographically and temporally

i AUROC [EVEYS] AUROC [T 0.952 distinct cohorts.

This automated method to detect

5 .- o Sensitivity severe AS using a single TTE view may

1 N 1.0 . . . .

; , o%o\. have relevant implications for point-
» — 08 4 .

b4 St 2 of-care ultrasound screening by

individuals with minimal training in
limited resource settings.
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Al IN PRE-TAVR PLANNING: CT-SCAN

AUTOMATIC DETERMINATION OF AORTIC VALVE ANNULAR PLANE

AUTOMATIC EVALUATION OF VASCULAR ACCESS

® < 0
Cardiologia
Benjamin MM et al., Diagnostics (Basel). 2024;14(3):261. Published 2024 Jan 25. Nl Fe el
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DIAGNOSTIC PERFORMANCE OF STEMI ON ECG: ECG BubDDY

QCG™ Score Category

1. Critical condition

o
o ol (-
- Needs of
critical care

e B4 EIM

2. Acute Coronary Syndrome

3. ST-elevation Myocardial Infarction
4. Miocardial Injury

= Cardiac

[RESEARCH PURPOSE ONLY] Ischemia

ECG Buddy (Limited) 0.2

5. Pulmonary Edema

6. Large Pericardial Effusion

7. Left Ventricular Dysfunction
8. Right Ventricular Dysfunction
9. Pulmonary Hypertension

10. Severe Hyperkalemia

- Heart
Function

= Electrolytes

~——» sinus Rhythm - 97.8% |

100

35 Rhythms

.+_
Interpretation and suggestions

f

Sinus Rhythm - 99.7%.
Assign the patient to critical care zone.

QCG area
QCGT“‘- scores and confidenge = This looks like a definite STEMI. Call
p e : Cath. Lab., right now.

RV dysfunction is very likely. LV
i dysfunction (LVEF<40%) and pulmonary
3 . edema is suspected. Check

ﬁBiomarkers ——_______:if!g - ‘a‘r./*"f"bf*‘}i echocardiography.

K ARPI Ing, Please visit WWWW.ARPLAI

» @ ¢

v

L] o
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Al-POWERED RAPID IDENTIFICATION OF STEMI: THE ARISE TRIAL

@EJM NEJM Al 2024; 1 (7)
Al

DOI: 10.1056/Al0a2400190

e In patients with STEMI, AI-ECG-assisted triage of STEMI
Artificial Intelligence-Powered Rapid Identification decreased the door-to-balloon time, the ECG-to-balloon time
of ST-Elevation Myocardial Infarction via and cardiac death. No differences were found regarding new-
Electrocardiogram (ARISE) — A Pragmatic onset heart failure with reduced ejection fraction.

Randomized Controlled Trial

Chin Lin @®, Ph.D.,V%3* Wei-Ting Liu (®, M.D.? Chiao-Hsiang Chang ®, M.D.,’ Chiao-Chin Lee ®, M.D.,°
Shi-Chue Hsing @, M.D.,” Wen-Hui Fang ®, M.D.2® Dung-Jang Tsai ®, Ph.D.,%*7 Kai-Chieh Chen ®, M.S..%

Chun-Ho Lee ®, M.S.,? Cheng-Chung Cheng ®, M.D.° Yi-Jen Hung ®, M.D.,° Shih-Hua Lin ®, M.D.,*°
Chien-Sung Tsai @®, M.D.,* and Chin-Sheng Lin @, M.D., Ph.D.Y?
Door to Balloon (ED only) Al-ECG
Received: February 21, 2024; Revised: April 7, 2024; Accepted: April 30, 2024; Published: June 27, 2024 P_0.002 P-interaction—=0.511
_ I 1
=420 . ; Potential STEMI  Potential non-STEMI
. H P=0.003 P=0.530
300 . 1 —
Intervention Control Odds Ratio P Value — 80 . =420~ H 1
E (95% Cl) w1 300
Event/n (%) Event/n (%) : ] 180 .
i 5 y =
All-Cause Mortality 1153/21,612 (5.3%)  1127/21,622 (5.2%) N 1.02 (094, 1.12)  0.568 £ 150- }gg—
Cardiac Death 85/21,612 (0.4%)  116/21,622 (0.5%) - 0.73 0.55,0.97)  0.029 b 120 150
Low Ejection Fraction 340/21,612 (1.6%)  304/21,622 (1.4%) M 112(096,131) 0151 e 120+
Hospitalization for ED Patients 4781/13,606 (35.1%) 4721/13,688 (34.5%) ) 1.03 (098, 1.08)  0.261 £ 90 90 u
STEMI-Related Diagnoses = 60 60—
STEMI with occluded vessel(s) 77/21,612 (0.4%)  68/21,622 (0.3%) Fm—  113(082,157) 0453 30
Urgent coronary angiography 100/21,612 (0.5%) 86/21,622 (0.4%) Fm 116 (087,155 0303 30 0-
All STEMIs 107/21,612 (0.5%)  102/21,622 (0.5%) e 105(080,138 0726 0- & N .
STEMI without coronary angiography for Al-potential STEMI 7/108 (6.5%) 16/101 (15.8%) |—=—— 0.37(0.14,094)  0.036 . «° (-.:P‘ S 22 "-b‘G\ o 0:5\
: Intervention Control Qé‘q{q 0,;9 & AQ,OQ/% o&* Y
——— < < PSRN X
TR 82.0 (62.5-89.5) 96.0 (78.0-137.0) E@'e Cia Fe Cos
n=67 n=65 ST ST e (o e
Intervention vs. Control % % ©
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Chin L et al. NEJM Al. 2024;1(7). ' Cardiologia
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ANATOMICAL ASSESSMENT: CORONARY-CT

38 morphological features *  Amongst patients with suspected
from coronary CTA
o o o o CAD, an abnormal Al-QCT
- S0 o ischaemia (a novel artificial
M R R R intelligence-guided quantitative
[ _SHvNw. _ Shrals _sirie _spriae . .
ﬁ e e computed tomography ischaemia
[ @ @ L L . .
1880 patients with Goronary CTA Vi Va\ VY algorithm) result was associated
SOEpssted GRD A1-QCTiecnaeme algorithm with a two-fold increased
= Daatin il UAE adjusted rate of long-term death,
- i M|, or unstable angine.
Eﬁ AI-QCT Al'QCTischaemia+ AI'QCTischaemia'
2 ischaemia+ N: N= 1 371 H M
- Al-QCT ischaemia may be useful
e «——  Median follow-up 6.9 i i ificati
HR 3.01 (95% CI 2.29-3.97), p<0.001 _ Medan ofewnpdyeans to improve risk stratification,
2 especially amongst patients with
% no/non-obstructive CAD on
= — coronary CTA.
0 2 4 6 . 8 10 12 14 Death MI uAP
Number at risk N <
1371 1359 1222 826 515 189 40 0
509 477 421 302 21 97 29 0
XX

) _ _ Cardiologia
Bar S et al. Eur Heart J Cardiovasc Imaging. 2024;25(5):657-667. Universita degli Stadi

di Napoli Federico II




Coronary CTA data set

3-D FFR rsolution

Anatomic model of coronaries Physiologic model of circulation

Computation of coronary flow Modeling maximal hyperaemia

-

FUNCTIONAL ASSESSMENT: FFR-CT
THE (RE-(EVOLUTION) OF CCTA

Mass Conservation (1 equation):

-k
vy du C 2 Rinjero ¢ d
fuis St Pl Y g
ooy & —
Momentum Balance {3 equations):
a
ﬁ—ln‘?[ v, =L 4, %‘;“w = [32‘, i ]
v @ a, %, 3
p—Lip ¥ —ULQVJ—E‘v' Q a_l'. _v.‘. i v
a Ly -a. i PRy
2, 3 3 Ry reduced to simulate
’;a_viﬂg vxa_vig.yya_viqp,ivu -2 a_.!. _L i effect of adenosine
at o Yy -a: F

From Gabara L. and Curzen N, Expert Analysis ACC. 2019.

Computational Fluid Dynamics
(CFD) and machine learning (Al)

From typical CTA datasets
No additional radiation
No change in imaging protocol

No additional medications

ANATOMY FUNCTION
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FFR-CT

ADVANCE REGISTRY: CLINICAL EFFICACY AND IMPACT ON
CLINICAL DECISION MAKING

Reduction of unnecessary ICAs with no Management plan change post CCTA &
reduction in revascularization rates FFR-CT Analysis
Management Plan Management Plan
Post Coronary CTA Post HeartFlow Analysis

EER - Guided

More Information More Information
Needed Needed
n=2.386 13 n=121

No Change in Revascularization Rates ——®@

ICA Cancellation
ICA

Usual Care ICA+Revasc  Only

Revascularization 1Sl Revascularization
» 830/ Reduction in n=943 h=1.381
= O Unnecessary ICA

1/

ICA+Revasc ICA Only

66.9% of patients were re-classified!

X X

Cardiologia
Fairbairn TA et al. Eur Heart J. 2018;39(41):3701-3711. Fitiacyoe e s




FFR-CT

ADVANCE REGISTRY: IMPACT ON OUTCOMES

CV death+Mi stratified by FFR.; > 0.80 vs < 0.80 C CV death+MlI at 1 year

stratified by FFR.;values

0
0.8 4 FFR;<0.8 r 1.00%
FFR>0.8 0.80% -
g 06+ 0.60% -
2 p=0.0102
g o4 0.40% -
e 0.
z 0.20% -
0.2 - I
[ 0.00% -—= o S o S S
A
O o o? ,0?’ o o
0.0 4 T T T T T T /{\ /\(0, q;\ q}b 7
0 60 120 180 240 300 360 O o Qo Q-
Time (Days) FFR.,
AR Cardiologia
Patel MR et al. JACC Cardiovasc Imaging. 2020;13(1 Pt 1):97-105. v E“;T":pff]?d St




FFR-CT

PRECISE TRIAL: A RANDOMIZED CONTROLLED TRIAL
EVALUATING 2,013 PATIENTS WITH CHEST PAIN

Primary Composite Endpoint

Non-acute CP or equiv patients; No history of CAD or CAD testing <1 year . .
Recommended for non-emergent NI test or ICA: N=2100 (MACE+ICA without obstructive CAD)

Randomization stratified by preferred first test 104
if usual care and PROMISE risk score.
X = 5
{R) 5 adjusted HR: 0.29
\ 2 2 . 95% Cl, 0.20-0.41 (p < 0.001)*
Usual care evaluation Precision evaluation 4_:"_:_
Strategy selected by Strategy assigned =
site clinician by PROMISE risk strata 5
| E
v V g .
Functiongii Guideline rec medical = — Usual testing
e ! management wo — Precision strategy
Direct to ca .
» planned testing 0

i) 3 & 9 12 13
Time since randomization, mao

\ 4

*This difference is due to a lower rate of catheterization

Composite Primary Endpoint: Effective CP Evaluation at 12 months without obstructive CAD in PS, with no statistically significant
MACE (death/Ml), Cath w/o obs CAD (stenosis250%, FFR<0.80, iFR<0.89) difference in the safety components of death, death or non
Secondary Endpoints fatal Ml and nonfatal M.

Hierarchical analysis of primary endpoint; Resource use; QOL; Death/MI/CV hospitalizations;
Preventive med use; Primary at 24 mo; Radiation; Cath efficiency; Co-Primary endpoints of DECISION

X X

' Cardiologia
Douglas PS et al. JAMA Cardiol. 2023;8(10):904-914. Fitiacyoe e s




FFR-CT

2024 ESC GUIDELINES ON CHRONIC CORONARY SYNDROMES

On-site coronary CTA assessment

The use of one or more of the following test results is

 Quantitative stenosisassessment
recommended to identify individuals at high risk of
Stenosis grading
g adverse events:
« CCTA:

o left main disease with >50% stenosis, three-vessel

| Plaque and stenosis analysis | '

disease with >70 stenosis, or two-vessel disease

Plaque volume

Adverse plaque

characteristcs with >70% stenosis, including the proximal LAD

or one-vessel disease of the proximal LAD with
>70% stenosis and FFR-CT <0.8.

Recommendation Table 13 — Recommendations for
selection of initial diaghostic tests in individuals with sus-

pected chronic coronary syndrome (see also Evidence
Off-site coronary CTA assessment Table 1 3)

Subtended mass
proximal LAD

Computational fluid dynamics

In patients with a known intermediate coronary

e artery stenosis? in a proximal or mid coronary
segment on CCTA, CT-based FFR may be

considered.

Vrints C et al. Eur Heart J. 2024.
Bom et al. Journal of Cardiovascular Computed Tomography 2021; 15:37-45




INTRAVASCULAR IMAGING: OCT vs. IVUS

OCT: An optical imaging modality
that uses near-infrared light for
high-resolution imaging of vessel
anatomy, tissue microstructure and
stents.

OCT IVUS
Resolution 15 ym 150 pm
Penetration 2 mm 10 mm
Field of View 10 mm 10 mm
Frame Rate 100 FPS 15-30 FPS
Pullback Speed 75 mm/sec 0.5/1.0 mm/sec
Catheter Size Sub 3F 32F

IVUS: An ultrasound
imaging modality with high
depth of penetration with
more visibility of all three
arterial layers and more
appropriately true vessel
size enabling larger-sized
stent implantation.

"" Cardiologia ‘
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IMAGING-GUIDED PCI: META-ANALYSIS

RELATIVE RISK REDUCTIONS WITH
IMAGING-GUIDED VS. ANGIOGRAPHY-GUIDED PCI

20 randomized controlled trials (N=11,698)

All-cause death 19 (NS)

Myocardial infarction N 19

Target-vessel
revascularization

Cardiac death [N 47

I 26

Stent thrombosis I 56
X X

Cardiologia
Khan et al. BMJ 2023;383:077848 Fitiacyoe e s




Al-DRIVEN INTRAVASCULAR IMAGING ALLOWS FOR AUTOMATED
IN-DEPTH ASSESSMENT OF THE INTRACORONARY ANATOMY

Timeline
(1977- Present)

v

CORONARY INTRAVASCULAR Al-DRIVEN PCI
ANGIOGRAPHY IMAGING GUIDANCE

1977: Andreas Gruentzig first PCl angiography’ FD-OCT?

(G

Pl
"
.
9-16-1977
1.Retrieved on Sept 2021 from: https://www.pcronline.com/About-PCR/40-years-angioplasty/Timeline/First-PTCA.
2.Kubo, T. etal. (2013). OCT compared with IVUS in a coronary lesion assessment. JACC: CardiovascularImaging, 6(10), 1095-1104. J . 4 Cardiologia
' Universita degli Studi
di Napoli Federico II




THE INTERACTION BETWEEN TASKS SUPPORTED BY Al TOOLS FOR THE
ASSESSMENT OF VULNERABLE PLAQUES IN CORONARY ARTERIES

Deep learning-based
coronary tree extraction

Precision
phenotyping

Automated grading Plague detection and
of stenosis severity component segmentation

Calcified plaque assessment
in non-contrast CT

Coronary calcium scoring Automated CAD-
RADS categorization

Clinical or patient data

Multimodal
learning

Automated prediction of
myocardial infarction

Non-invasive Invasive
plaque plaque
quantlﬁcatlon quantification

Risk
stratification
PET or CT plaque
assessment

Follmer B et al. Nat Rev Cardiol. 2024;21(1):51-64.

A-line classification

representation

Automated plaque
segmentation in OCT

| 1
1 1
1 1
] 1
] ]
i i
1 I
| I
1 1
i lLongitudinal !
i i
1 1
| |
| ]
] 1
| ]
1 1
| 1
] 1

Automated plaque
segmentation in IVUS
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HUB MODEL FOR REMOTE
PATIENT MONITORING

Spatz ES. et al. N EnglJ Med 2024;390:346-56.

Cardiovascular conditions may require a
period of intensive monitoring and
medication adjustment. In this model of
remote patient monitoring (RPM), a digital
health bundle with remote management
through a centralized hub may be prescribed.

'6‘ Cardiologia
Universita degli Studi

di Napoli Federico IT

Patient with Cardiovascular Condition (e.g., atrial fibrillation, hypertension, or heart failure)

Postdischarge or

emergency department ’ Acute or subacute

Use Case

New diagnosis

Treatment
intensification

episode

Postdischarge

Tailored Health
Bundle

L

Telehealth

Decision-support
protocol

|

Communication

Stabilization
and Return to Primary
Care Team

Option to
continue
low-intensity
RPM




DIGITAL SOLUTIONS TO OPTIMIZE GUIDELINE-DIRECTED MEDICAL THERAPY
PRESCRIPTION RATES IN PATIENTS WITH HEART FAILURE

\ remote monito,_in

AR Cardiologia

Universiti degli Studi
di Napoli Fe: denoo]l

Schuuring MJ. Eur Heart J Digit Health. 2024;5(6):670-682.




CHRONIC CORONARY SYNDROMES:
LONG-TERM FOLLOW-UP

Recommendations Class® Level®

Mobile health interventions (e.g. using text messages,
apps, wearable devices) are recommended to
improve patient adherence to healthy lifestyles and

medical therap,.

Vrints C et al. Eur Heart J. 2024.

oLl

Good communication,
structured tools and
visual images

Cardiovascular risk reduction interventions

mHealth
and telehealth

Supporting adherence

w S Multidisciplinary

behavioural

eave smoking
[ 1

ake control of cholesterol and
blood pressure

. ~ xercis
chieﬁmal ‘weight .
. &,

andle alcohol consumption

@ield to stress management

Fixed dose

combination pills
and simplified
medication regimens

PROMs and feedback

v Cardiologia
Vrints C et al. Eur Heart J. 2024. Piryx ey
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THE PROMISES AND PERILS OF MOBILE TECHNOLOGIES IN CARDIOVASCULAR CARE

uj

Wearables
Textile integrated

The Internet
of Things

PGHD
collection

Disease

Clinical @ d?tecﬁnm'
ol ﬁ diagnosis

Decision su

Promises  management
Medical Ny,
adherence

- Behavior Personalization

8 modification of health care

and patient
engagement i i i

Patchand
ingestible
Sensors

%D

Inconsistent
regulatory
Unintended  Oversight Need for

validation
m"“'d’eq"'u"g,'ﬁi & standards

- B

4The digital divide PGHD

- cybersecu
Perils e
Poor reimbursement @
infrastructure
Lack of EHR
No data management l;|
workflow/infrastructure

Varma N et al. JAm Coll Cardiol. 2024;83(5:611-631).
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WEARABLE DIGITAL HEALTH TECHNOLOGIES: TRUST AND SECURITY

Trust and Security

Local Health
System Strategies

Societal Issues
“The Digital Divide”

« Unequal access to technology

« Unequal access to the Internet

« Lack of digital literacy

« Lack of support for telehealth
visits

« Unequal access to health apps

« Unequal access to technical
support

« Health professional—patient
engagement

« Patient control over data

« Transparency regarding

use of patient data

Patients and wearable digital
health technology data

Patients’ trust and security must be addressed to ensure that they are willing to share the data from their wearable DHTs. Societal issues that
must be addressed to facilitate trust are listed, along with local health system strategies that are essential for trust and security.

X X

' Cardiologia
Ginsburg SG et al., N Engl J Med 2024;390:1118-27 Fitiacyoe e s




Al IN CARDIOVASCULAR DISEASES: BENEFITS AND CONCERNS

Accuracy Biased data

Personalized risk prediction Interpretability/explainability

variability

Time Access to data

saving Threat
process to

human  Reporting of
Reduced clinical job research

workload

Cost-effective

Shipley E et al., Arrhythm Electrophysiol Rev. 2022;11:e03.

Lack of
human
touch

X X

v
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“How can you think about that with
everything that's going on in the ﬁe[d OfA.I. 27
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