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AI in Cardiology



Robustness
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▪ Robustness

▪ Universality

▪ Fairness

▪ Traceability

▪ Explainability

▪ Usability

Characteristics Trustworthy AI



Characteristics Trustworthy AI

Clusters of requirements Core principle

1 Diversity, Inclusiveness, Non-discrimination, Bias, Equity Fairness

2 Generalisability, Adaptability, Interoperability, Applicability Universality

3 Transparency, Monitoring, Auditing, Accountability Traceability

4 Human-centred AI, User engagement, Accessibility, Efficiency Usability

5 Reliability, Resilience, Safety, Security Robustness

6 Interpretability, Understandability, Transparency Explainability



Characteristics Trustworthy AI

FAIRNESS

UNIVERSALITY

TRACEABILITY

USABILITY

ROBUSTNESS

EXPLAINABILITY

Based on ethical principles and fundamental rights:

Right to non-discrimination

Right to equity

Right to accountability

Right to autonomy

Right to safety

Right to transparency
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Best Practices – Design

G1:  Engage inter-disciplinary stakeholders  (1)

Us1:  Define intended use and user requirements (2)

Un1:  Define clinical settings and related variations (3)

R1:  Define all sources of data heterogeneity  (4)

F1:  Define all sources of bias    (5)

E1:  Define explainability needs    (6)

Un2:  Use community-defined standards   (7)

G6:  Investigate application-specific ethical issues (8)

G7:  Investigate social and societal issues  (9)

T1:  Define a risk management process   (10)



Stakeholder Engagement

Best practice

(What)

Practical steps

(How)

Examples

(References)
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Best Practices – Design

G1:  Engage inter-disciplinary stakeholders  (1)

Us1:  Define intended use and user requirements (2)

Un1:  Define clinical settings and related variations (3)

R1:  Define all sources of data heterogeneity  (4)

F1:  Define all sources of bias    (5)

E1:  Define explainability needs    (6)

Un2:  Use community-defined standards   (7)

G6:  Investigate application-specific ethical issues (8)

G7:  Investigate social and societal issues  (9)

T1:  Define a risk management process   (10)



Intended Use

Clinicians

What should the AI tool predict ?

o Change in cardiac function

o Risk of myocardial infarction

o Risk of mortality

Patients

What should the AI tool predict ?

o Risk of fatigue

o Risk of backpain

o Risk of hospital re-admission

Secondary risk prevention in heart failure
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Japanese EuropeanQuechua Mestizo



Sources of Biases

Lima: Sea level Arequipa: 2,335 m

Cusco: 3,400 m Rinconada: 5,100 m
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Best Practices – Development

G2:  Define measures for privacy and security  (11)

F2:  Collect data on individuals’ attributes  (12)

R2:  Collect representative real-world data  (13)

G3:  Implement measures against identified AI risks (14)

Us2:  Implement human-AI interaction mechanisms (15)



Data Collection



Data Representativeness



Best Practices – Validation

G4:  Define an adequate evaluation plan  (16)

Un3:  Evaluate using external and/or multi-site data (17)

R3:  Evaluate robustness against real variations  (18)

F3:  Evaluate fairness and debiasing measures  (19)

Us3:  Evaluate user experience and acceptance (20)

Us4:    Evaluate clinical utility and safety   (21)

E2:   Evaluate explainability with end-users  (22)

T2:   Document the AI tool including evaluations (23)



Universality Evaluation



Usability Evaluation

Human evaluators in 5 sites:

✓2 GPs at each site

✓2 cardiologists at each site

✓7 patients for each clinician

✓2 IT/data manager

✓50% male + 50% female

✓50% early-career, 50% > 5-year experience



Explainability Evaluation

AI Explainability Score:

Questions to assess explainability with clinicians:

➢Did you find the AI explanations clear? 

➢Did you find the AI consistent between cases?

➢Did the AI explanations increase confidence in the decisions?

➢Were the AI visualisations easy to use? 



Best Practices – Deployment

Un4:  Evaluate local clinical validity    (24)

Us3:    Provide training materials and activities  (25)

T3:   Define mechanisms for quality control  (26)

T4:   Implement a periodic auditing system  (27)

T5:   Implement a logging system    (28)

G5:   Comply with AI regulatory requirements  (29)

T6:   Establish mechanisms for AI governance  (30)



Periodic Auditing





Next Steps

▪ Feedback gathering from over 10 EU projects

▪ Feedback gathering from external actors (e.g. ESC members)

▪ Next papers:

o FUTURE-AI guideline: The patient perspective

o FUTURE-AI guideline: Clinical validation methods

o FUTURE-AI guideline: Implications for AI regulations

o FUTURE-AI guideline: Adaptations for large language models

karim.lekadir@ub.edu

mailto:karim.lekadir@ub.edu


Join Us!

karim.lekadir@ub.edu

mailto:karim.lekadir@ub.edu


Many Thanks!

karim.lekadir@ub.edu

mailto:karim.lekadir@ub.edu
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