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detection Prevention

screening

diagnosis
management of 
complex 
conditions
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imaging cardiologist
interventional cardiologist

electrophysiologist

Predicting and preventing these 
conditions is the true benefit of AI



Artificial Intelligence in 
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Monitoring to detect signs of severe heart failure or cardiac arrest

Diagnosis of Pathology

Heart Monitoring and Self-Care

Treatment Selection

Predicting Cardiac Risk

Cardiac Events Detection and Monitoring

Cardiovascular risk reduction

Cardiac rehabilitation 

Decision support systems for exercise prescription

[1] Karim Bayoumy Et al., “Smart wearable devices in cardiovascular care: where we are and how 
to move forward,“ Nature Reviews Cardiology,  vol. 18, pp. 581–599, 2021.



Role of AI in preventive cardiology
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Risk Reduction AI based Cardiac 
rehabilitation

Personalized 
exercise 

prescription

Enable 
cardiologists to 

make better 
decisions

Improve the 
accuracy of 

human readers

Reduce variability 
between readers

Give more 
confidence in 

findings.

Preventing heart 
problems



Role of AI in detection

• Detecting atrial fibrillation (a-fib) sooner
• Predicting risk early in conditions such as embolic 

stroke
• Occult cardiac disease 
• Hypertrophic cardiomyopathy
• Cardiac arrhythmias
• Valvular Heart Disease
• Coronary Artery Disease
• Predicting heart attack
• Analyzing blood pressure
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Arrhythmic sudden death survival 
prediction using deep learning analysis 
of scarring in the heart
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Nature Cardiovascular 
Research volume 1, pages334–343 (2022)

https://www.nature.com/natcardiovascres
https://www.nature.com/natcardiovascres
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Artificial 
Intelligence 
Can Analyze 
Eye Scans To 
Identify 
Patients at 
High Risk of 
Heart Attack

https://scitechdaily.com/artificial-intelligence-can-analyze-eye-scans-to-identify-patients-at-high-risk-of-
heart-attack/



AI	in	Arrythmia

ECG—Electro-physiological	abnormalities:	arrhythmias,	premature	
beats,	atrioventricular	blocks,	bundle-branch	blocks,	etc.;

PCG—Hemodynamical	diseases:	valve	stenosis,	valve	
regurgitation,	hypertension	(arterial	or	pulmonary	
hypertension);

MCG—Mechano-physiological	abnormalities:	cardiomyopathy,	
myocarditis,	myocardial	infarction,	ischemia,	hypertrophies,	atrial	
enlargements,	systolic	or	diastolic	dysfunction,	or	other	wall	motion	
problems;
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Computers in Biology and Medicine Volume 
154, March 2023, 106547



LLM
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Chat GPT’s medical “assistant.”
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https://www.massgeneralbrigham.org/en/about/newsroom/press-releases/chatgpt-shows-impressive-accuracy-in-clinical-decision-making
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CARDIAC IMAGING

20



CARDIAC IMAGING
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CARDIAC IMAGING
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CARDIAC IMAGING
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CARDIAC IMAGING
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Medical image analysis
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Maxime Sermesant, Hervé Delingette, Hubert Cochet, Pierre Jaïs & Nicholas Ayache,” 
Applications of artificial intelligence in cardiovascular imaging,” Nature Reviews Cardiology, 
18, pages600–609 (2021)



Cardiac Imaging Genetic Analysis 
Pipeline
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plaque recognition
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Catheterization

• AI for patient selection who require catheterization.
• Automated algorithms for edge detection and 

plaque recognition during cardiac catheterizations 
for deciding 
• bypass surgery, 
• maximal medical therapy 
• receiving a stent.

28



Implantable cardioverter defibrillator
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Analyze electronic health records and the anticoagulation 
status of patients with pacemakers for detecting 
abnormal heart rhythms and delivering a shock to treat 
the patient.



virtual reality
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[1]Christian Jung et al, “Virtual and Augmented Reality in Cardiovascular Care: State-of-the-Art and Future 
Perspectives,” JACC: Cardiovascular Imaging, Volume 15, Issue 3, March 2022, Pages 519-532.
[2] My. Venkatesan, “Virtual and augmented reality for biomedical applications,” Cell Reports Medicine, Volume 
2, Issue 7, 20 July 2021.



Robotics using AI-driven 
algorithms
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Alvin I. Chen et al, “Deep learning robotic guidance for autonomous vascular 
access,” Nature Machine Intelligence volume 2, pages104–115 (2020)

Siemens Corindus Cardiac Robot

cardiac and stroke robot



Analyze huge data
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analyze 
data in complex ways

identify 
high 
risk 

Provide useful 
information to 

clinicians

discovering 
structure 
within a 
dataset



AI in nuclear cardiology

• AI has a potential to reduce cost, save time and 
improve image acquisition, interpretation, and 
decision-making

33

Yuka Otaki, Robert J. H. Miller & Piotr J. Slomka , The application of artificial intelligence in 
nuclear cardiology, Annals of Nuclear Medicine volume 36, pages111–122 (2022)



AI and Cardiovascular calcification
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Maximillian A. Rogers & Elena Aikawa,” Cardiovascular calcification: artificial intelligence and big 
data accelerate mechanistic discovery,” Nature Reviews Cardiology volume 16, pages261–274 
(2019)



Traditional 
analytical 
monitoring 
models 
V.S. AI-
based 
models

35
Chayakrit Krittanawong et. Al, “Integration of novel monitoring devices with machine learning technology for 
scalable cardiovascular management, “Nature Reviews Cardiology volume 18, pages75–91 (2021)



AI in smart stent
• Micro/nano-sensor that 

acts as a miniature 
antenna to continuously 
monitor hemodynamic 
changes in the artery and 
transmit those data to an 
external reader
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AI and in‐hospital monitoring
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Monitoring to detect signs of severe 
heart failure or cardiac arrest

38

pulse,
cardiac output, 
blood pressure 
levels, 
heart rhythm, 
respiratory rate, 
electrolyte levels, 
sympathetic nerve 
activity, galvanic 
skin resistance, 
thoracic and 
lower-extremity 
oedema

Nature Reviews 
Cardiology volume 18, pages75–91 (2021)

https://www.nature.com/nrcardio
https://www.nature.com/nrcardio


AI and Cardiovascular Genetics
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AI and interventional 
cardiology
• Assisting intraprocedural guidance,
•  Intravascular imaging
•  Providing additional information for you
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Early Detection of Disease 
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Surgery

• Improve patient care

• Extract features and predict the likelihood of malignancies

• Estimating remaining surgical time, patient’s particular condition, and recovery

• Performing robotic surgery

• Anticipating complications e.g flap failure, surgical site infection, wound dehiscence and 
infection, deep vein thrombosis, and reintubation

• Decreasing blood loss

• Training

• Diagnosing

• Cooperative Data Analyzing

• Optimizing supply and instrument use

• Staffing

• Electronic health records (EHR) improvement, coding, and billing
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AI and Urgency detection

• Which patient is more urgent for doctor to see?

45



• Optimal transplant donor organ
• organ-allocation

46

Organ Transplant

[1] N. Gotlieb Et al., “The promise of machine learning applications in solid organ 
transplantation,” npj Digital Medicine, vol. 5, No. 89, 2022.



Hospitalization, Triage tools, 
Operating Room 
• Predictions of the surgical case duration
• Precise scheduling, limiting waste of resources
• Identifying surgeries with high risks of cancellation

47

[1] J.-Ting Lee, “Prediction of hospitalization using artificial intelligence for urgent patients in 
the emergency department,” Scientific Reports, vol. 11, No. 19472, 2021.



Disease Recurrence Prediction

Disease Recurrence Prediction
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Personalized Medicine
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Drug Discovery and Targeted 
Drug Delivery
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Medical Robotics 
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world-first cardiac 
robotic ultrasound

coronary angioplasties



Nursing  Robotics
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Tele Pharmacy
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Telemedicine
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Nanomedicine
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[1] N. Rady Raz, M. R. Akbarzadeh T., "Target Convergence Analysis of Cancer Inspired Swarms for Early Disease 
Diagnosis and Targeted Collective Therapy,"IEEE Transactions on Neural Networks and Learning Systems, 2022.
[2] N. Rady Raz, M. R. Akbarzadeh T., "Swarm-Fuzzy Rule-Based Targeted Nano Delivery Using Bioinspired 
Nanomachines,"IEEE Transactions on NanoBioscience,Vol.18, No.3, pp. 404 - 414, July 2019.
[3] N. Rady Raz, M. R. Akbarzadeh T., M. Tafaghodi, "Bio-Inspired Nanonetworks for Targeted Cancer Drug Delivery,"IEEE 
Transactions on NanoBioscience,Vol.14, No.8, pp. 894-906, Dec. 2015.
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High cholesterol

57

npj Digital Medicine volume 3, Article number: 142 (2020)

High blood pressure

Hypertension Research volume 43, pages1327–1337 (2020)
Future possibilities for artificial intelligence in the practical management of hypertension

https://www.nature.com/npjdigitalmed
https://www.nature.com/hr


Challenges and Ethical Considerations

58

data privacy, 

interpretability of algorithms, 

potential biases in datasets



Note that !!

• AI may not replace human doctors. 
• Since doctors are trained to not only diagnose and 

treat diseases but also to provide emotional support 
to patients. 
• AI cannot replace the empathy and compassion that 

doctors bring to their work.
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8-AI Medical Application
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Early 
Detection Diagnosis

Recurrence 
Prediction

Critical 
Decision 
Making

Treatment 
Selection and 

Analysis

Mortality and 
Morbidity 
Prediction

Triage …

Doctor



Standard view location

• Computer-aided detection of standard views 
constantly supports clinicians.
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