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Emerging 
technologies



Telemedicine

Electronic health
records

Omics

Remote Dx

Copyrigths apply



Tromp et al.
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Living in Smart environments



LABORATORY MEDICINE 4.0 AND HEALTH REVOLUTION

1. System integration

2. New services

3. Autonomous robots

4. Big data

5. Augmented reality

6. Omics

7. Internet of things

8. Cloud computing

9. Emerging technologies





Actual medical data Patient generated / reported data

Financial data Research data 

HEALTH DATA

Source: T. Hellepute



Healthcare practicioners Healthcare payers

Medical research

Companies Academic

Citizen

Patient Tax payer

DATA USERS

Source: T. Hellepute



Primary use 
vs secondary 
use of data



Data science and drivers



Brief Bioinform, Volume 19, Issue 6, November 2018, Pages 1236–1246, https://doi.org/10.1093/bib/bbx044

Comparison between ANNs and deep architectures. While ANNs are usually composed by three 
layers and one ...

https://doi.org/10.1093/bib/bbx044


• Genome 3.2 ´109 base pairs / varying 0.15% (<5 ´106 sites) 
• Transcriptome Messenger RNA <20,000 genes / >1000 microRNAs
• Proteome Proteins 30,057 / peptide sequences 293,700
• Metabolome 2,272 human metabolic pathways (reactome.org)
• Microbiome 38 ´1012 bacteria (cf. 30 ´1012 human cells)

Adapted from A. Fraser - Nature 2015;526:68 / JACC 2016;68:2577 / Nature 2014;509:575 / PLoS Biology 2016;14:e1002533

The complexity of modern medicine

• Epigenetics, age, gender, lifestyle, social influences, comorbidities .. 
• >13,000 diseases / >55,000 disease codes [ICD 11, WHO 2019] / >6,000 rare
• ~20,000 pharmaceutical products / ~500,000 medical devices / ~40,000 tests
• Diagnostic error is common [ ≥ 10% ?] affecting everyone ≥ once per life



Rui Adão and Bart Bijnens; 2022 
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Data Science

Ø Engines for early risk estimation 

Ø Improving diagnosis of cardiovascular 

diseases 

Ø Enhanced precision care and outcomes 

monitoring

Ø Data aggregation and integration of omics

Ø Resources stewardship and demand 

management 

Ø Real time monitoring of diseases or risk 

component 



Process 
management





#SMARTLAB



Intelligent Workflows — Automation Combined 
with Intelligence

workflow-enabled processes that are dynamic, 
intelligent, and self-governing

Proactive Customer and Market Strategies

Develop customer and market strategies that 
anticipate future demands and behaviors.
Actively monitor the efficacy of those strategies 
and implement rapid adjustments based on real-
time feedback

Opera@ons

maximize internal efficiencies, reduce cost, and 
improve product and service quality. 

Early warnings 

Project Management

project gating control, project resource allocation 
and tracking, project budgeting, risk 
management, and corrective action 
implementation.

SMART LAB

« AI support system »: a Secretary for operator

« AI orchestrator » to generate operation workflow
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Semi-Autonomous
labotatories

Augmented reality 
systems

Voice assisted
control of the 

operations
Medical decision
support systems

#SMARTLAB



Kricka et al.; 2020

Smart search accross guidelines and 
litterature



Assay
development and 

optimization

Test ordering

Process
optimization

Data integration

Personalized
reference value 

and decision limits

Integra(ng AI and 
Thyroid Func(on Tests



Health digital twins as 
tools for precision 

medicine 



Diagnosis and 
risk 
stratification



Emerging applications of AI: Clinical perspectives
Ø Engines for early risk estimation / CDSS

Ø Improving diagnosis of cardiovascular diseases 

Ø Enhanced precision care and outcomes monitoring 
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Heart Failure



cluster 1 with the highest prevalence of diabetes
mellitus and renal disease

cluster 2 with oldest age and frequent
age-related comorbidities

cluster 3 with youngest age, largest body size, least 
symptoms and lowest N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) levels

cluster 4 with highest prevalence of ischaemic
aetiology, 
smoking and chronic lung disease, most symptoms, 
as well as highest NT-proBNP and troponin levels. 

Over a median follow-up of 21 months, the
occurrence of death or heart failure hospitalization
was highest in clusters 1 and 4 (62.1% and 62.8%,
respectively) and lowest in cluster 3 (25.6%).

Woolley et al.; 2021 

Data integration and AI
Machine learning based on biomarker profiles identifies 

distinct subgroups of HF



Myocardial infarction



Myocardial-ischaemic-injury-index (MI³): incorporates age, sex, and two troponin measurements to compute a value (0–100) reflecting an individual’s likelihood 
of myocardial infarction during the index visit 

In total, 20 761 paHents (64 years [SD 16], 9597 [46%] women) enrolled between June 10, 2013, and March 3, 2016, were included from the High-STEACS trial 
cohort, of whom 3272 (15·8%) had myocardial infarcHon. 

MI³ had an area under the receiver-operaHng-characterisHc curve of 0·949 (95% CI 0·946–0·952) idenHfying 12 983 (62·5%) paHents as low-probability for 
myocardial infarcHon at the pre-specified threshold (MI³ score <1·6; sensiHvity 99·3% [95% CI 99·0–99·6], negaHve predicHve value 99·8% [99·8–99·9]), and 2961 

(14·3%) as high-probability at the pre-specified threshold (MI³ score ≥49·7; specificity 95·0% [94·6–95·3], posiHve predicHve value 70·4% [68·7–72·0]). 

Doudesis et al.; 2022



social network: encompasses all human-to-
human interactions (e.g., familial,
friendship, sexual, and proximity-based
contacts) that play a role in the spread of
pathogens

One way to visualize the ensuing potential 
interrelationships among human diseases is 
to construct a disease network in which two 
diseases are connected if they have a 
common genetic or functional origin.

an understanding of the functionally relevant 
genetic, regulatory, metabolic, and protein–
protein interactions in a cellular network will 
play an important role in understanding
the pathophysiology of human diseases

Barabási et al.; 2007

Network Medicine and understanding Pathways



https://www.bozar.be/fr/calendrier/bozar-electronic-series-botbop



Paving the way 
for a quality 
based, liable 
and ethical AI



Evolution of inclusion of AI in control systems



Mezgar et al.; 2022 



Benedikt Brendel et al.; 2021 



Mezgar et al.; 2022 





van Smeden et al.; 2022 



Soenksen et al.; 2022



Quality of data

Quality of the device

Competences of the HCP

Education of the users





Finality of the use of data influence the willingness to share data



Source: European Commission







Gruson D; 2021

Incorporating expert knowledge

Learning Coalition 
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