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Socletal trends

Ageing

e 207 age related &

chronic diseases
rise

- challenge: reconcile quality with costs

Patient empowerment - P4 Medicine
Personalized
Preventive
Predictive
Participatory

- challenge: patient-centric &
personalized health care
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Technological trends

IT + internet
performance &

Monitoring &
smart systems

Biomedical
technologies

pervasiveness

I The Carlson curve

- Variety of imaging Mecromane
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Carlson’s law -
$1000 personal genome

broadband capacity &
pervasiveness

—> data access and
sharing
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Towards evidence-based and personalized
medicine

high

personalized

access to (based on people like me)

: &
patient \OO

information
ormatio S

\\
\(\ 00 evidence-based
0%& (based on population)

W
evidence .
based clinician

consensus

trial and-€rror

individual
clinical knowledge
and experience

access to clinical knowledge
(e.g. diagnostic tools)

KATHOLIEKE UNIVERSITEIT | ' ' . i l l t
- ceymde Croak




Challenge: data tsunami

interpretability complexity

# data, e.g. genetic

analysis bottleneck

|

Price per data point, e.g
sequenced base pair

I

IT to the rescue!
IT, mathematical engineering and software design

- fully exploit the opportunities created by advancing technologies
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IBBT Future Health Department:
Health Decision Support

data: clinical, biomedical, imaging,
omics, health insurance data,
medical knowledge ...

exploit data for more
effective medicine

patient-centred care for
empowered patients

smart & data-driven
health care system policies

connect.innovate.create

IT & software design

data processing & mining

data integration & visualization
user experience & e-learning

to extract appropriate
information

to transfer this information to
the user:
professional, patient and policy
maker

decision SUPPOrt to enable better health care
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Positioning of IBBT

IBBT = Interdisciplinary Institute for Broadband Technology
1 out of 4 strategic research centers (SOC) in Flanders

Amee F4Vito w2 IPRibbt
VIB o
Virtual: expertise of university research groups

Link between research and industry

« Supporting companies and organizations active in research
and development

- stimulate the development of innovative ICT services and
applications in close collaboration with government and
industry
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Structure of IBBT: 5 research departments

Digital Society Future Media
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Future Health: Research Groups

bioinformatics & machine
learning

biomedical data processing

digital signal processing for
audio & telecom

&
Fac. Engineering ‘t& cztl(mL:JllJ_Se lfi\gertnrijk

* bioinformatics & computer science
* education

* linguistics

* statistics

Dept. ESAT - K.U.Leuven

_ * medical imaging
user experience
research =CUO 4) - Fac. Engineering
o Dept. ESAT
Fac. Social Sciences K.U.Leuven
K.U.Leuven
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Future Health: Mission Statement

—> create lasting and positive impact on society through IT innovation

- improve quality and cost effectiveness in health care through
computational research and IT development

Health Decision Support for Professionals . Patients . Policy

« Dialogue with health care stakeholders
 Demand-driven & interdisciplinary

« Economical & societal valorization

reference center for computational research in health care




Research Focus

Clinical Decision Support Patient

DS
* Interpretation of wide range of data

 demand-driven, user-centred, with future vision
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http://www.google.be/imgres?imgurl=http://rudhro.files.wordpress.com/2010/06/dna.jpg?w=600&h=600&imgrefurl=http://rudhro.wordpress.com/2010/06/13/studies-show-jews%E2%80%99-genetic-similarity/&usg=__IsYdt3ksu1nckxJZwV0L6LjAygk=&h=384&w=384&sz=71&hl=nl&start=18&zoom=1&um=1&itbs=1&tbnid=D4O6BmEY8wwmkM:&tbnh=123&tbnw=123&prev=/images?q=DNA+data&um=1&hl=nl&rlz=1T4DBBE_enBE317&tbs=isch:1&ei=wplaTdniK4KwhAfTk4ziDA

Research Focus

Clinical Patient Decision Support Policy DS

cor ‘online’ - data mining to

connection to

. sensium Server '_ . te I emon |t0 r| N g |d e ntlfy beSt
P practices, ...

User's existing
IT system
or database

wireless link
to mobile of
PDA

Identical devices to
monitor at home and
integrate data with
hospital records

‘patient empowerment’:
e.g. disease management
for patients with chronic
diseases using new media
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Future Health: Positioning

Translational

5-10 years ahead of
deployment

Health Care Health Decision Fundamental
Information - Support Biomedical

Systems Research

Clinical Decision
Invoicing Support Pathogenesis

PACS/CWS Patient Decision Biomarkers
Support

Health Insurance _ . Target/Drug
(e.g. RIZIV) Policy Decision Discovery
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Through dialogue with stakeholders

key to accessible and efficient health care = dialogue
between research, technology and health care

research
universities & research centres
strategic research centers: IBBT, imec, VIB, VITO

technology providers
& core facilities
industry
supercomputing
medical imaging center
usability lab
sequencing (Genomics Core)

health care stakeholders dialogue
patients
hospitals IBBT
doctors Future Health
health insurance
health care policy
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Cases

IOTA: International Ovarian Tumour Analysis Group
Endeavour: disease gene prioritization

Epilepsy detection

Tumor classification via MRS

Semi-Automatic Blood Glucose Control in the ICU
Cardiac function analysis

Theraplay

ACCIO: Ambient aware provisioning of Continuous Care
for Intra-mural Organizations
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Case: IOTA - International Ovarian Tumour
Analysis Group

- Making it easier to diagnose ovarian cancer

Clinicians have to make many decisions concerning the
therapy of their patients e.g.:
Diagnosis
Prognosis
Therapy response Patient hisory

Tumor
characteristics

Diagnosis

Ultrasound

« Based on expertise

- But often the clinician has ——
— Patient Data e
« Patient history
« Tumor characteristics
« Ultrasound characteristics
* Tumor markers

Prognosis

ESAT/SCD

ieoven DRibbt 17



Case: IOTA - International Ovarian Tumour
Analysis Group

e Solution:
— Clinical decision support modeling
— Building a mathematical model on the data

— Use this model to predict patient outcome
« Diagnosis
* Prognosis
» Therapy response
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Case: IOTA - International Ovarian Tumour
Analysis Group

Performance of an expert Performance of

IOTA models
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Case: Endeavour - disease gene prioritization

High-throughput Candidate Narme e
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Case: Epilepsy detection
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Motion tracks B e s ol e

Extract features based on the motion Extract time and frequency
tracks domain features

Video-EEG

monitoring Discriminate between
ESAT/SCD - normal and epileptic events
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Seizure localization
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Case: Tumor classification via MRS

— \ magnetic resonance

spectroscopic imaging:
* Quantitative
metabolite maps

Imaging (NMR):
«  ‘“water images”
« concentraion of
protons —
anatomical details

Key challenges:
« Accurate and fast quantitaion
«  Artifact removal

ESAT/SCD- )
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Case: Semi-Automatic Blood Glucose Control
In the ICU

= Intensive Care Unit: critically ill patients - High insulin resistance
leads to hyperglycemia in the ICU - need for Tight Glycaemic Control
(TGC) = 80-110 mg/dl

= LOGIC-Insulin: algorithm and graphical user interface for normalizing
blood glucose in critically ill patients in the ICU

ACTUATOR

GLYCEMIA CONTROL SYSTEM

Insulin

Known input variables

KATHOLIEKE UNIVERSITEIT | ' ' . i l l t
ceymde Croak



Case: Cardiac function analysis

Heart = Four-chamber system

Supply body with oxygen and nutrients and remove metabolic
waste products

Cardiovascular disease (CVD): Ischemia, arrhythmias, valvular heart disease, ...
= 17 million = 30% of all worldwide deaths in 2008 due to CVD*
- 100 deaths per day in Belgium**

- Cardiac imaging for non-invasive quantification of heart function

Functional parameters:
» Myocardial thickening
« Stroke volume
* Ejection fraction
 Wall strain
- Manual segmentation
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http://www.youtube.com/watch?v=P5fR2pCzm3k&feature=related
http://www.youtube.com/watch?v=P5fR2pCzm3k&feature=related

Case: Automatic 3D+time segmentation

Statistical models
of shape and
intensity, learned
from training data

Information of all
timeframes and
slices linked
together

- Results in automatic,
consistent, accurate
measurements of
cardiac function
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Case: Theraplay
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Kung Fu Kitchen




Case: ACCIO
Ambient aware provisioning of Continuous Care

for Intra-mural Organizations

» Define scope, concepts & rules of a human-centred
ontology
e Supports continuous care in multiple care settings
* Residencies > Care
* Hospitals > Cure
* Modelling relevant knowledge:
* roles
* processes

\
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Role of CUQ:
» Guide the user-centered design process
* Involve end-users and stakeholders in every phase:

r~
- -y

. . - - -~ .
observaﬂons Scenarios (&d e co~ creation

xTensive observarions of care ur stakeholder group censists o
E : b : £ The scenarios servT as a ' 0] kehold g P R f
practices in fwo seftings to cover cemmunication fool among a pofen-rio.l end—users (e.s. caore—

stakeholders. T+ expresses the

Two main ‘Forms O'F fakers. nurses, dDCTOFS. CTC.),

scope, requirements and general

institutionalized care: residential on*o‘ogy engineers, social

rules of the ontology under

and hospifai care. Observations scientists and pra‘Fes.sianals work=

developmenf in a way ‘l’hd‘l’

were sysfemaﬁca”y r‘epresenfe.d ins for the healthcare ind’usfry.

g o & 96“2?’0‘788 empa-rhy Wlfh -rhe users.
N min maps.

* Develop new concepts for future
ambient aware technologies
« Expert reviews of existing appllcatlons

- Iterative evaluation of insights &~ ==
Jrototypes — - =

=)
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Results:

 Recommendation report based on the analysis of Cure &
Care contexts

 Product ecology (tools, practices and attitudes)

* ER observation concept

 Guidelines for involving end-users in medical ontology
creation

* Proof of Concept demonstrator for an intelligent nurse call
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Track Record

..*. Cartagenia

data handling & mining
for clinical genetics

social interest software

VVISION++

Experts in Computer Vision

vision software & hardware

nsico—jcoMetrix

drug Quantifying Your Images

discovery image quantification

779y .
(7% medicim

medical image computing

home monitoring for
(e-)learning solutions epilepsy detection

/ ‘\\ A Theraplay: ergotherapeutic game

1
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Track Record

17 PI, 25 postdocs, 88 PhD students
~ 270 publications /year

~ € 5 million external financing /year
~ 15 PhDs /year

~ 40 patents

5 spin-offs launched since 2005

.%: Cartagenia yser
cvxima  plus M V Vision+
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Conclusion

Improve health care quality and

‘l cost effectiveness

Decision Support for
Professionals, Patients & Policy

N\

exploit data for more - Dialogue
effective medicine

: - Demand-driven
patient-centred care for

empowered patients

 User-centred

X
smart & data-driven

health care system policies Future vision
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IBBT-K.U.Leuven
Future Health Department

www.kuleuven.be/ibbt
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