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Can the system be accurate ?
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Results of a Large-scale, App-based Study to 
Identify Atrial Fibrillation Using a Smartwatch:

The Apple Heart Study
Mintu Turakhia MD MAS and Marco Perez MD
on behalf of the Apple Heart Study Investigators

NCT # 03335800



To evaluate the ability of the irregular 
pulse notification algorithm to identify 
Afib and guide subsequent clinical 
evaluation

Overall Goal

Notification burden
Subsequent Afib diagnosis
Algorithm performance
Safety
Pragmatic and generalizable
Scalable study procedures



Enrollment: 419,297; 24,626 age ≥ 65

Enrollment by State Adjusted for Census Population

Enrollment:
Nov 29, 2017 – Jul 31, 2018

Last data collection:
Feb 25, 2019



Accuracy: Positive Predictive Values

Afib on 
ECG Patch

Total Positive 
Tachograms

PPV* (97.5% CI)

1,489 2,089 0.71 (0.69–0.74)

Irregular Tachograms

Afib on 
ECG Patch

Total Positive 
Notifications

PPV (95% CI)

72 86 0.84 (0.76–0.92)

Irregular Pulse Notifications
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“Big data” to inform clinical questions



Non è possibile v isualizzare l'immagine.

Non è possibile v isualizzare l'immagine.

Given a specific case, provide a report with a descriptive summary of
similar patients in Stanford’s clinical data warehouse, the common
treatment choices made, and the observed outcomes after specific
treatment choices.

An institutional review board approved study (IRB # 39709)

The Stanford Informatics Consult Service

http://greenbutton.stanford.edu





1. Use of smart devices for diagnosis
2. Use of smart devices for clinical trials /registries
3. Use of Big data: Artificial Intelligence
4. AI: Machine Learning
5. AI & Modelling



Machine learning approach

Cuocolo et al 2019



1st

2nd





Predictive models for obstructive CAD in > 13,000 subjects



ROC Curves for the various models





Machine Learning CT-FFR vs invasive FFR



Current Artificial Intelligence applications in clinical care

• Diagnostics
- Atrial fibrillation detection using ECG data (Cardiologs®)
- Diastolic dysfunction detection using 2D US images

• Cardiac Imaging
- Virtual model of the heart to predict failure from echocardiography images 

(Philips HeartModelAI)
- Coronary calcium scoring from non-contrast CT scans (Zebra Medical 

Vision)
• Therapy selection

- Selection of care pathways based on risk, costs predicted by artificial 
intelligence (KenSci, Healthcheck, Corti Labs)

• Continuous monitoring
- Continuos heart rate, ECG, biometric and user’s behavior tracking to predict 
early signs of cardiovascular anomalies (Kardia, Fitbit, Cardiogram,…)
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Technological innovations impacting the quality of care

Artificial Intelligence:
Hypothesis-free and
data-driven

[Kagiyama et al., 2019]



[adapted from Alber et al., 2019]

On one side artificial intelligence reveals correlation.
On the other side, modeling & simulation reveals causality.



[adapted from Alber et al., 2019]

Technological impact in the near future: integration of artificial intelligence 
and modeling to better understand the cardiac system, for which the 

underlying data are incomplete and the physics are not yet fully understood



[www.heartflow.com]

Modeling & Simulation
as a medical device
• HeartFlow®
• CardioInsight®

Current Modeling & Simulation applications in clinical care



Yes, new technology will profoundly impact 
the quality of care

It will be our duty to master it and combine it with 
the understanding of our patients and their need





ANN, artificial neural network; ATH, athlete; CAD,
coronary artery disease; CNN, convolutional neural
network; DNN, deep neural network; HCM,
hypertrophic cardiomyopathy; HR, hazard ratio; LGE,
late gadolinium enhancement; LSTM, long short time
memory; LVDD, left ventricular diastolic dysfunction;
ML, machine learning; RF, random forest; SVM, support
vector machine.

Many more Artificial Intelligence applications to come…

[Kagiyama et al., 2019]


