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● Digital Health is now the third largest industry in the European 

health sector, after pharmaceuticals and medical devices.

● The digital market in healthcare is spectacular:

○ More that 325000 health applications 

○ More than 5 billion dollars investment into digital health startups

○ More than 340000 wearable devices available
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The Burden...



Atrial Fibrillation

“A new millenium epidemic”

2%
of people younger than 65 yrs

11
Million people affected in 

Europe

9%
of people 65 yrs and older

Sources: european society of cardiology, https://www.healthline.com, GARFIELD-AF

https://www.healthline.com
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The shift: from Care to Cure

❖ “Healthcare systems need to move beyond reform and transform 

services delivered outside hospitals for the chronically ill 

patients” John Brosky

❖ Patient centric



Source: étude Institut Mines-Télécom Business school



Source: étude Institut Mines-Télécom Business school



Source: étude Institut Mines-Télécom Business school



Source: étude Institut Mines-Télécom Business school



HLS-EU CONSORTIUM (2012): COMPARATIVE REPORT OF HEALTH LITERACY IN EIGHT EU MEMBER STATES. THE

EUROPEAN HEALTH LITERACY SURVEY HLS-EU , ONLINE PUBLICATION: HTTP://WWW.HEALTH-LITERACY.EU
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Atrial Fibrillation

www.ichom.org



Chua et al.; 2019

Three simple clinical risk factors (age, sex, and BMI) 

and two biomarkers (elevated BNP and elevated FGF-23) identify patients with AF.



The components of the ABC-stroke score include age, NT-proBNP, high-sensitivity cardiac troponin T (hsTnT), 

and prior stroke/transient ischemic attack (TIA),

the components of the ABC-bleeding score include age, growth differentiation factor-15 (GDF-15), hsTnT, 

hemoglobin, and history of bleeding

Morrow et al.; 2019



Trends: Point of Care

Copyrights apply



McDonald et al.; 2018



Trends: Point of Care
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Bukve et al.; 2016
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Trends: IoT
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Trends: Sensors



Coravos et al.; 2019



« Not all sensors are created equal »

Caulfield et al.; 2019



★ Hardware and software

★ Endpoints

○ Functions, features, variability

○ Tests for communication layers

○ Digital twins

○ Tests to validate aggregate data

Need for a validation framework 

for IoT and sensors 
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Trends:

Digital phenotyping

Insel et al.; 2017 



DiabetologistPatient

Decision support

Visualization

Video consulting

Appointment 

Daily monitoring 

Treatment Assistant

Gamified coaching 

HbA1c estimation

Chat

+
Eglé - Type I diabetes Mobile application





Bhavnani et al.; 2016
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The power of data

Several sources

- LIS

- EMR

- Advanced imaging

- Omics

- Digital health
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The processes and logistics will be integrated, intelligent and scalable

Services

Test ordering
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On the road of integrated care pathways and transition care…
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Cliniques Universitaires Saint-Luc, Brussels, Belgium

Laboratories, Tour Rosalind Franklin



The efficient use of big data will improve operations / services

Clinical workflow

Mobility / Motility



❖ Data science will provide a new set of tools that will leverage augmented laboratory medicine and will

reinforce its value in a transforming healthcare ecosystem.

❖ Data science (DS) is a human-centred activity dedicated to the principled extraction of knowledge from

complex data to generate insights.

❖ DS is a general field encompassing artificial intelligence (AI), but also data capture and management,

advances in databases and computing infrastructures (local, distributed, Graphical Processing Units (GPU),

combining conventional processors (CPU), …).

❖ Artificial intelligence (AI) is a field of computing sciences that could be encompassed in DS and devoted to

mimic human thought processes and behaviours uses to make decisions or take action

❖ Machine Learning is a sub-field of AI, built upon concepts from statistics and optimization, that can be

described as the development of computer programs that learn from experience (i.e. examples) with

respect to some task and performance measure.



Mazzanti et al.; 2018



❖ Why now?

❖ Off the shelf or tailor made?

❖ Applications perspectives?

➢ Process and care pathways

➢ Test ordering and interpretation

➢ Data mining, early diagnosis and proactive disease monitoring

➢ Personalized treatment and clinical trials 

❖ Positive regulation?

1. Patient information and consent?

2. AI Human Warrantee ?

3. Graduation of regulation according to the level of sensitivity of healthcare data ?

4. Accompaniment of the adaptation of healthcare professions ?

5. intervention of an independent external supervision ?





Machine Learning

01

Support Vector Machines

Supervised vs. Unsupervised

02

03 Balancing Data





WBIT Error Simulation 

(current test results with a set of test results taken 

from a randomly selected patient collection from a 

different patient in the dataset)

➢ Wrong blood in tube (WBIT) error.





Logistic Regression

SVM

Calculation of AUC, Specificity, and Positive Predictive Value













MESA



Almost half of the study population (46.0%) were determined by the

ACC/AHA calculator to be statin eligible.

In contrast, the ML calculator deemed only 11.4% to be at high risk and

statin eligible. For “All CVD” events, the ML calculator determined

25.1% to be statin eligible.

Regarding missed treatment opportunities (false negatives), the

ACC/AHA calculator also performed poorly, as 23.8% of “Hard CVD”

events occurred in individuals that ACC/ AHA calculator would not have

recommended statin.

The ML Risk Calculator fared better, with only 14.4% of “Hard CVD”

events and only 4.4% of “All CVD” events occurring in individuals; the

ML calculator would not have recommended statin.



Ebrahimzadeh et al.; 2018 

Prediction of paroxysmal Atrial Fibrillation: A machine learning based approach using 

combined feature vector and mixture of expert classification on HRV signal 



Deist et al.; 2017

Distributed learning
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Relying on cloud computing and blockchain

to improve accessibility, security and safety 



Using avatars…
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« When a heart attack is suspected, timely medical treatment is critical for survival »

The SAVE app

Tongpeth et al.; 2019 

Education



Utilization of the advanced cardiac imaging patient avatar for procedural planning and facilitation

Shinbane et al.; 2017

Evaluation



 Cost-effectiveness? Financing?

 Legal framework?

 Interaction between human and remote services

Mazzanti et al.; 2018



Buja et al.; 2018

 Innovation >< science of 

implementation

(rate of development of new 

technologies 

Vs. 

preparedness of the 

system)?



The future is:

Us…

with the help of technology



Thank you!

damien.gruson@uclouvain.be


