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CAUSES OF DEATH IN US: 2019 - 2023

Ahmad F. JAMA  2024, in press Vaduganathan M et al. J Am Coll Cardiol. 2022;80(25):2361-2371.



DECLINE IN DEATHS FROM CARDIOVASCULAR DISEASE IN RELATION TO SCIENTIFIC ADVANCES

Adapted from Nabel EG and Braunwald E., N Eng J Med 2012;366:54-63
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ARTIFICIAL INTELLIGENCE: HISTORY AND DEFINITION

Di Costanzo A, Spaccarotella CAM, Esposito G, Indolfi.
J Clin Med. 2024;13(4):1033.

«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



ALGORITHM

ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING
DATA: Training and Derivation Cohort

DATA: Verification Cohort
CONFIRMED ALGORITHM



PATIENT-GENERATED HEALTH DATA (PGHD)

Varma N et al. J Am Coll Cardiol. 2024;83(5:611-631).

• The efficient application of wearable 
devices to clinical practice could be 
facilitated by a platform that ingests data 
from a variety of wearable devices, 
followed by filtering (identification of 
clinically true data), display, and 
annotation, and critical alerting
processes. 

• The curated data/reports would then be 
sent to the electronic health record. 

• Interaction with the data (including
ordering and reporting) could remain
through the electronic health records to 
simplify workflow and minimize the 
problem of multiple logins



Lüscher TF et al. Eur Heart J. Published online August 19, 2024.

ARTIFICIAL INTELLIGENCE: TO ACHIEVE PERSONALIZED
THERAPY IN CARDIOLOGY

• Clinical information including patient
data, laboratory parameters, and 
results from clinical examination, 
large-scale data from registries, 
imaging data, and patient biometrical
data can all be processed by artificial
intelligence. 

• Resulting models allow for disease 
phenotyping, enhance diagnostics, 
improve prognostication, and facilitate 
treatment decision-making, thus
ultimately contributing to a more 
personalized therapy of patients with 
cardiovascular disease.



Johnson KW, et al., J Am Coll Cardiol. 2018;71(23):2668-2679.

ROLE OF ARTIFICIAL INTELLIGENCE IN CARDIOVASCULAR MEDICINE



ADVANCING CARDIOVASCULAR CARE WITH ARTIFICIAL INTELLIGENCE

Jain SS et al. J Am Coll Cardiol. 2024;83(24):2487-2496.



CARDIOVASCULAR ARTIFICIAL INTELLIGENCE BY IMAGING MODALITY

Elias P et al., J Am Coll Cardiol. 2024;83(24):2472-2486.



THE EMERGENCE OF ARTIFICIAL INTELLIGENCE IN CARDIOLOGY: 
CURRENT AND FUTURE APPLICATIONS

Kulkarni P et al. Curr Cardiol Rev. 2022;18(3):e191121198124.



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

ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-1



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

ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-2



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

ARTIFICIAL INTELLIGENCE-ENHANCED
PATIENT EVALUATION-3
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Parsa S et al., Curr Atheroscler Rep. Published online May 23, 2024.

ARTIFICIAL INTELLIGENCE IN PREVENTIVE CARDIOLOGY

• AI models have shown superior 
performance in personalized 
ASCVD risk evaluation compared to 
traditional risk scores;

• These models support automated 
detection of ASCVD risk markers 
(including coronary artery calcium, 
chest X-ray, mammograms, 
coronary angiography and CT-
scans);

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



Kakadiaris IA et al., J Am Heart Assoc. 2018;7(22):e009476.

MACHINE LEARNING VS. ACC/AHA RISK CALCULATOR

ML Risk Calculator outperformed the ACC/AHA Risk Calculator:

• Less drug therapy;

• Missing fewer CV events.



Chen Z et al. Eur Heart J. 2024;45(17):1540-1549.

ASSOCIATION BETWEEN MACHINE VISION-BASED BUILT ENVIRONMENT FROM 
GOOGLE STREET VIEW AND PREVALENCE OF CORONARY ARTERY DISEASE IN U.S CITIES

• 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.
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GAPS IN CARE OF A PATIENT WITH PAROXYSMAL ATRIAL FIBRILLATION AND HEART FAILURE 
IN A TRADITIONAL EPISODIC CARE MODEL

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



AI-BASED VS. TRADITIONAL TOOLS FOR AF DIAGNOSIS

Manetas-Stavrakakis N et al., J Clin Med. 2023;12(20):6576. 

AI-based methods for the 
diagnosis of atrial fibrillation have 
high sensitivity and specificity for 
the detection of AF.



WEARABLE DEVICES FOR AF DIAGNOSIS: THE APPLE HEART STUDY

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



CONTACT FREE DETECTION OF AF FROM VIDEO WITH DEEP-LEARNING

Yan BP et sl., JAMA Cardiol. 2020;5(1):105-107.

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

• Analysis of facial photo-plethysmographic (FPPG) signals 
from multiple patients concurrently using a single digital 
camera and a pretrained deep convolutional neural network;

• Pulse irregularity in >50% FPPG segments for each patient 
was considered positive for AF;

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

• Each patient appeared in 7 videos and 320 individual FPPG 
signals were analyzed.
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Seetharam K et al., Front Cardiovasc Med. 2020;7:618849. Published 2020 Dec 23.

TEMPORAL PROGRESSION IN AUTOMATED QUANTIFICATION IN ECHOCARDIOGRAPHY



AI IN ECHOCARDIOGRAPHY

• AI-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
initial assessment less frequently and were more consistent
with previous clinical assessments by the cardiologist when
using an AI-guided workflow.

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



AI IN CARDIAC MAGNETIC RESONANCE

Davies RH et al., J Cardiovasc Magn Reson. 2022;24(1):16. Published 2022 Mar 10.

• AI-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.



AI IN AORTIC STENOSIS EVALUATION

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

• Using self-supervised pretraining and
ensemble learning, a deep learning
model was trained to detect severe AS
using single-view echocardiography
without Doppler imaging.

• The model maintained high
performance in multiple
geographically and temporally
distinct cohorts.

• This automated method to detect 
severe AS using a single TTE view may 
have relevant implications for point-
of-care ultrasound screening by 
individuals with minimal training in 
limited resource settings.



AI IN PRE-TAVR PLANNING: CT-SCAN

Benjamin MM et al., Diagnostics (Basel). 2024;14(3):261. Published 2024 Jan 25.

AUTOMATIC DETERMINATION OF AORTIC VALVE ANNULAR PLANE

AUTOMATIC EVALUATION OF VASCULAR ACCESS 
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DIAGNOSTIC PERFORMANCE OF STEMI ON ECG: ECG BUDDY

1. Critical condition

2. Acute Coronary Syndrome
3. ST-elevation Myocardial Infarction
4. Miocardial Injury

5. Pulmonary Edema
6. Large Pericardial Effusion
7. Left Ventricular Dysfunction
8. Right Ventricular Dysfunction
9. Pulmonary Hypertension

10. Severe Hyperkalemia

Ⓡ



Chin L et al. NEJM AI. 2024;1(7).

AI-POWERED RAPID IDENTIFICATION OF STEMI: THE ARISE TRIAL

In patients with STEMI, AI-ECG-assisted triage of STEMI
decreased the door-to-balloon time, the ECG-to-balloon time
and cardiac death. No differences were found regarding new-
onset heart failure with reduced ejection fraction.
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ANATOMICAL ASSESSMENT: CORONARY-CT

• Amongst patients with suspected
CAD, an abnormal AI-QCT 
ischaemia (a novel artificial
intelligence-guided quantitative 
computed tomography ischaemia
algorithm) result was associated
with a two-fold increased
adjusted rate of long-term death, 
MI, or unstable angine. 

• AI-QCT ischaemia may be useful
to improve risk stratification, 
especially amongst patients with 
no/non-obstructive CAD on 
coronary CTA.

Bär S et al. Eur Heart J Cardiovasc Imaging. 2024;25(5):657-667.



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

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

• Computational Fluid Dynamics 
(CFD) and machine learning (AI)

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

ANATOMYANATOMY FUNCTIONFUNCTION



FFR-CT
ADVANCE REGISTRY: CLINICAL EFFICACY AND IMPACT ON 

CLINICAL DECISION MAKING

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

Reduction of unnecessary ICAs with no 
reduction in revascularization rates

Reduction of unnecessary ICAs with no 
reduction in revascularization rates

Management plan change post CCTA & 

FFR-CT Analysis

Management plan change post CCTA & 

FFR-CT Analysis

66.9% of patients were re-classified!



FFR-CT
ADVANCE REGISTRY: IMPACT ON OUTCOMES

Patel MR et al. JACC Cardiovasc Imaging. 2020;13(1 Pt 1):97-105.

CV death+MI at 1 year
stratified by FFRCT values 

CV death+MI at 1 year
stratified by FFRCT values 

CV death+MI stratified by FFRCT > 0.80 vs < 0.80CV death+MI stratified by FFRCT > 0.80 vs < 0.80

FFRCT



FFR-CT
PRECISE TRIAL: A RANDOMIZED CONTROLLED TRIAL 

EVALUATING 2,013 PATIENTS WITH CHEST PAIN

Douglas PS et al. JAMA Cardiol. 2023;8(10):904-914. 

adjusted HR: 0.29
95% CI, 0.20-0.41 (p < 0.001)*

*This difference is due to a lower rate of catheterization

without obstructive CAD in PS, with no statistically significant

difference in the safety components of death, death or non

fatal MI and nonfatal MI.

Primary Composite Endpoint 
(MACE+ICA without obstructive CAD)

Primary Composite Endpoint 
(MACE+ICA without obstructive CAD)



FFR-CT
2024 ESC GUIDELINES ON CHRONIC CORONARY SYNDROMES

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.

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. 



Khan et al. BMJ 2023;383:e077848
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RELATIVE RISK REDUCTIONS WITH 
IMAGING-GUIDED VS. ANGIOGRAPHY-GUIDED PCI

20 randomized controlled trials (N=11,698)

IMAGING-GUIDED PCI: META-ANALYSIS



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

IVUS21977: Andreas Gruentzig first PCI angiography1

CORONARY 
ANGIOGRAPHY

INTRAVASCULAR 
IMAGING

AI-DRIVEN PCI 
GUIDANCE

FD-OCT2

1.Retrieved on Sept 2021 from: https://www.pcronline.com/About-PCR/40-years-angioplasty/Timeline/First-PTCA.
2.Kubo, T. et al. (2013). OCT compared with IVUS in a coronary lesion assessment. JACC: Cardiovascular Imaging, 6(10), 1095-1104.

Timeline  
(1977- Present)



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

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



HUB MODEL FOR REMOTE 
PATIENT MONITORING

Spatz ES. et al. N Engl J 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.



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

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



CHRONIC CORONARY SYNDROMES: 
LONG-TERM FOLLOW-UP

Vrints C et al. Eur Heart J. 2024.

Vrints C et al. Eur Heart J. 2024.



THE PROMISES AND PERILS OF MOBILE TECHNOLOGIES IN CARDIOVASCULAR CARE 

Varma N et al. J Am Coll Cardiol. 2024;83(5:611-631).



WEARABLE DIGITAL HEALTH TECHNOLOGIES: TRUST AND SECURITY

Ginsburg SG et al., N Engl J Med 2024;390:1118-27

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.



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

AI IN CARDIOVASCULAR DISEASES: BENEFITS AND CONCERNS
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