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The Learning Health System: “Virtuous Cycles” of Study and Change 
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Take	Action	

Interpret	Results	

Analyze	Data	 Design	
Intervention	

Assemble	Data	

Capture	Practice	
as	Data	

Formation	of	
Learning	
Community	

Slide courtesy of Prof Charles P. Friedman, Department of Learning Health Sciences, University of Michigan 



The Learning Health System: Going global 

▪  Initiatives at Varying Scales 
▪  Single Organisations 

▪  Networks 

▪  Regional 

▪  National 

▪  International 

8 Slide courtesy of Prof Charles P. Friedman, Department of Learning Health Sciences, University of Michigan 



9	

Population	ageing	creates	sustainability	challenge	for	EU	health	
systems	

Slide courtesy of Thomas Allvin, EFPIA 

Projected	increase	in	public	expenditure	in	healthcare	due	to	demographic	
change	(2013-2060)	(%	of	GDP)		

	

NOTE:	FOR	THE	EU,	NMS	(NEW	MEMBER	STATES)	AND	THE	EA	(EURO	AREA)	THE	AVERAGE	ARE	
WEIGHTED	ACCORDING	TO	GDP.	EUROPEAN	COMMISSION	(2015).	THE	AGEING	REPORT.	
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>	3x	variation	in	death	
during	first	HF	admission	

3x	variation	in	12	week	
mortality	rate	for	HF	

>4x	variation	in	12	week	
readmission	rate	for	HF	
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Variation	of	heart	failure	outcomes	across	European	countries	

Slide courtesy of Thomas Allvin, EFPIA 



Multi-morbidity: the scale of the challenge 

11 
Chris Salisbury, Leigh Johnson, Sarah Purdy, Jose M Valderas and Alan A Montgomery 

Br J Gen Pract 2011; 61 (582): e12-e21 
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Estimated	20	–	40	%	waste	in	health	systems	

Slide courtesy of Thomas Allvin, EFPIA 

•  According	to	a	WHO	report	from	2010,	on	average	27%	of	
healthcare	expenditure	is	wasted	

•  There	are	several	sources	of	waste,	but	half	of	the	total	waste	is	
estimated	to	be	due	to	practice	variation	and	use	of	low-value	
interventions	

•  A	recent	OECD	report	concludes	that	around	one	fifth	of	
healthcare	expenditure	could	be	channeled	towards	better	use	
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Value-Based	Health	Care	(VBHC)	is	helping	shift	focus	from	volume	of	
services	to	value	created	for	patients	

Slide courtesy of Thomas Allvin, EFPIA 

▪  The	fundamental	goal	and	purpose	of	health	
care	is	to	improve	value	for	patients	

		Value		=	

Health	outcomes		
that	matter	to	patients	

Costs	of	delivering	these	outcomes	

▪  Value	is	the	only	goal	that	can	unite	the	
interests	of	all	system	participants	

▪  Value	is	created	in	caring	for	a	patient’s	
medical	condition	over	the	full	cycle	of	care	

The	most	powerful	single	lever	for	
reducing	cost	and	improving	value	is		

improving	outcomes	

Source:	"What	is	Value	in	Health	Care"		
(Michael	Porter,	New	England	Journal	of	Medicine,	2010)	 Source:	ICHOM	2019	



By learning from its data… 

▪  …Kaiser Permanente is able to track outcomes and develop data driven 
algorithms embedded within its EHR systems, to achieve: 
▪  HIV death rate half of national average 

▪  Decrease in coronary heart disease death rate by a third  

▪  Decrease in pressure ulcers by two thirds 

▪  Death due to sepsis reduced by > 50% 

14 



The LHS ambitions of many European hospitals 

▪  Shift the focus of performance and reward from activity to outcomes 
▪  Optimise care pathways to maximise health outcomes whist making 

best use of resources 
▪  Respond to payer and public demands for more integrated and person 

centred care 
▪  Implement continuous learning and improvement cycles 

▪  Enhance their culture and capability to undertake research, for 
reputation and business reasons  

▪  Collaborate across hospital networks, and across Europe, to share good 
practices and support each other with improvement 

15 
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i~HD is registered in Belgium as a not-for-profit organisation 
It is financed by membership fees,  

by providing services e.g. data quality, certification and governance 
 and through funded projects 

The European Institute for Innovation through Health Data (i~HD) 
was created as an outcome of European R&D projects, to address needs 

confirmed by multiple healthcare and research stakeholders 

Developing	solutions	for	improving	health	data	and	its	trustworthy	use	

Enriching	knowledge	and	enhancing	care	through	health	data	



i~HD targets a convergence of opportunity from  
health data 

Need to collaborate to improve access to combined  
health data from multiple sources

Clinical Research

•  Conduct faster, more efficient, clinical 
research

•  Demonstrate the benefit from 
innovative products

•  Create better Real World Evidence 
•  Generate new evidence for precision 

medicine and value based models

Healthcare

•  Improve quality, safety and 
connectedness of care

•  Empower patients in self-care and 
health maintenance

•  Use outcomes to improve services
•  Have better evidence for public health 

strategies

17 
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Citizen and 
patient 

associations 

Clinical and 
biomedical 
research 

companies 

Health data 
aggregators 

and analytics 
companies 

ICT 
companies, 
standards 
developers 

Scientific 
centres, 

Reference 
Networks 

Health system 
funders, care 

commissioners 

Multi-national 
decision 
makers 

Healthcare 
providers and 

provider 
organisations 

to co-create solutions for:
•  the capture and sharing 

of better quality health 
data 

•  its trustworthy use for 
smarter health care and 
efficient research

i~HD is a neutral body, bringing stakeholders together 



Issues that hospitals have raised with us 

▪  Limited reuse of their EHR data at present 
▪  Poor EHR data quality, difficulties in improving it 
▪  Concerns about data protection, especially with the GDPR 
▪  Often working to locally-defined outcomes, so impossible to  

compare or collaborate with other hospitals 
▪  Limited capacity to measure patient reported outcomes 

19 
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A community of hospitals
sharing their learning and innovations

with EHR data
for clinical research & learning health systems.


Good practice demonstrating value

Communities co-operating and working synergistically
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The i~HD Information Governance Task Force is
engaging across stakeholders

to promote codes of good practice
for privacy protection, security & ethics

when
using data for healthcare and clinical research

Creating  a trustworthy environment

I
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i~HD information governance initiatives 
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CLINICAL 
RESEARCH 
PLATFORMS 

APPLICATION	
PROVIDERS		

RESEARCH 
USER NETWORK 

PROVIDERS 

RESEARCH 
USER 

OTHER DATA 
AGGREGATORS 

DATA PROVIDER 

RESEARCH 
SPONSOR 

RESEARCH 	
SPONSOR 

DATA PROVIDER 

ICT SOLUTION PROVIDERS CARE/RESEARCH 
ORGANISATIONS 

APPLICATION	
PROVIDERS		

IMI code of practice on secondary use of medical data in scientific research projects, and other codes 

Educate and train  
research and ICT 

staff 

Certify research 
platforms  

and EHR systems 

Promote consistent 
practices across 

Europe 

Principles and 
Standard Operating 

Rules 

GDPR 
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i~HD Quality Seal for Research Platforms  

▪  This Seal provides assurance to healthcare organisations, research 
centres and research sponsors, that ICT products and services used for 
research using EHRs do so in secure ways that protect data privacy, 
including GDPR compliance 

▪  Service providers of clinical research platforms can apply for this Seal 
▪  We hope in the future that hospitals and other organisations will insist 

on only connecting to platforms with this Seal 

24 
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Assessment methods to improve data quality,
promoting the importance of data quality,

scaling this up across Europe  


to enable the best quality data 
for learning health systems

& clinical research

Having great data to use & making great use of data

Q U A L I T Y
D

T
A
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Do	European	healthcare	providers	have	the	right	data	for	value-based	
healthcare?	

Slide courtesy of Thomas Allvin, EFPIA 

EFPIA	is	working	with	i-HD	to	assess	the	data	readiness	in	a	number	of	
European	hospitals,	using	the	ICHOM	standard	set	for	Heart	Failure	
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Key	components	of	project	

Slide courtesy of Thomas Allvin, EFPIA 

➢ Agree	the	ICHOM	heart	failure	indicators	that	are	most	relevant	for	
an	outcomes-based	approach.		

➢ Re-formulate	the	indicators	as	EHR	variables	
➢ Compile	a	list	of	approximately	ten	hospitals	and	confirm	willingness	
to	participate	via	a	collaboration	agreement,	with	assurance	about	
data	protection	and	GDPR	compliance	

➢ Conduct	data	item	assessment	and	data	quality	assessment	
➢ Draw	overall	conclusions	including	common	areas	for	improvement	
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Prof. Pascal Coorevits     
Certification and Labelling Adviser, EuroRec 
Representative 
Assessing the data quality of hospital EHRs 

	
	

	
	
 

	
	
 



Electronic Health Records for Clinical Research  

Assessing the data quality 
in hospital EHRs 
 
Pascal Coorevits 
 
Professor of Medical Informatics and Statistics, Ghent University 
Vice-President for Research, the EuroRec Institute 
Data Quality Task Force Lead, i~HD 



Quality of health data is vital 

q  Patients and clinicians want health data to be safe, rapid and evidence based 

q  Healthcare managers also want to use resources efficiently and need insights for strategic 
planning 

q  Public health agencies need reliable data to guide healthcare and prevention programmes 

q  Healthcare funders need good quality data to reward high-quality and value-based care 

q  Pharma wants to re-use EHRs to accelerate clinical research 

q  Regulators and HTA agencies want to be able to trust Real World Evidence in decision 
making 

q  Everyone wants to achieve the best patient outcomes and they all know that good data is a 
critical success factor 





Electronic Health Records 

q Electronic Health Records offer enormous potential to improve the 
safety, quality and efficiency of healthcare 

q Empirical evidence for the beneficial impacts of most eHealth 
technologies on the quality and safety of healthcare are often lacking, or 
at best, only modest 

q Some of the reported issues: lacking of key EHR features, not using 
EHRs to their full potential, poor interoperability, low usability, low EHR 
(data) quality, etc… 



Quality of EHRs and EHR data 

q To use EHRs efficiently for daily routine care, for clinical research, 
for big data analytics, … a number of functionalities are needed (e.g. 
security, confidentiality, trustworthiness, …) 

q Mechanisms are required to ensure e.g. data correctness, 
completeness, consistency, … 

  
    Quality assurance is essential 
    Quality labelling & certification are needed 



i~HD Data Quality Taskforce 

35 



i~HD Data Quality Taskforce aims 

q Develop data quality assessment methods, tools and improvement 
strategies to maximise quality of health data 

q Promote the importance of data quality 

q Guidance in assessing and improving data quality 

q Scale up a multi-stakeholder understanding and commitment to 
increase data quality 
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Work on data quality dimensions 
and assessment methods 



Work on data quality dimensions  
and assessment methods 
q Several data quality indicators used  
q Several definitions for the same concept 
q No universal approach 

à mapping exercise  
à9 quality dimensions 

Completeness Consistency Correctness

Uniqueness Timeliness Stability

Relevance Contextualization Trustworthiness



Completeness – “data values are present”

Variables	such	as	Weight	are	quite	
frequently	not	present	



▪  Data quality issues found in a survival analysis of pancreatic cancer 
patients (Columbia University Medical Center, New York) 

Ø  Information inconsistency between different EHR data sources: 
▪  In a few cases, pancreatitis was diagnosed as being chronic in the pathology reports 

but it was reported as being only acute in the clinical notes 

Ø  Information inconsistency within the same data sources : 
▪  Some patients received simultaneously two different ICD-9-CM codes for their diagnoses 

of diabetes, both 250.01 and 250.02 for type-1 and type-2 respectively 

40 

Consistency – “Data
satisfies constraints”

Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València



Correctness – “Values are true 
and unbiased” 

“Fifty percent of staff reported they on occassion enter 
patient reported height into the EHR rather than 
performing a measurement”

Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València









 
  

Assessing  the Quality of  
Congestive Heart Failure outcomes data  

at the Hospital del Mar Barcelona  
          

 
 

Pascal	Coorevits	
Geert	Byttebier	
Dipak	Kalra	
Geert	Thienpont	
Carlos	Sáez	
Juan	M.	García	Gómez	
Marta	Durá-Hernández	
Juan-Manuel	Ramírez	Anguita		
Miguel-Angel	Mayer	



Pilot DQA

•  Scoping of the DQA 
•  Congestive Heart Failure 
•  146.602 patient visits with diagnosis of CHF 
•  ICHOM “Heart Failure” outcome variables basis for selection of 

variables for DQA è 22 variables (out of 72 ICHOM variables) were 
selected 

•  Data Quality Dimensions: Completeness, Correctness, Consistency, 
Uniqueness & Stability 

  



Congestive Heart Failure (CHF) – ICD9 codes

?	



R package: automated pdf & html DQ 
reporting

main_config.csv	

dataset.csv	

dictionary_types.csv	

dictionary_ranges.csv	

dictionary_rules.R	

DQ	analysis	parameters,	including	
paths	to:	

The	dataset	to	be	analyzed	

Data	dictionary	files	with	
semantics	about	data	types,	
ranges	and	multivariate	rules	

Data	and	configuration	files	

Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València



Multivariate rule Comment Error.su
m 

ARIDATE <= DISDATE Arrival date <= Discharge 
date 

0 

DATEofBIRTH <= 
DEATHDATE 

Birth date <= Death date 0 

DISDATE <= DEATHDATE Discharge date <= Death 
date 

0 

DATEofBIRTH <= ARIDATE Birth date <= Arrival date 0 

(WEIGHT/(HEIGHT/100)^2) <= 
70 

BMI under 70 180 

(WEIGHT/(HEIGHT/100)^2) >= 
10 

BMI over 10 15 

Types	à	dictionary_types.csv	

Ranges	à	dictionary_ranges.csv	

	

By	Types:	99,99	%	
By	Ranges:	100	%	
By	Multivariate	rules:	99,98	%	
	

Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València



Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València



Abrupt	change	in	June	2011	in	the	frequencies	of:	
•  Visit	type	
•  Prior	Myocardial	Infarction	
•  Hypertension	
•  Diabetes	Mellitus	

New automated-coding system introduced in 
Emergencies at that date (before in text)

Slide courtesy of Carlos Saez and Juan M. García Gómez, Universitat Politècnica de València





Prof.	dr.	Miguel-Angel	Mayer	–	Hospital	del	Mar	-	Barcelona	



www.i-hd.eu	

Do	you	want	to	make	better	use	of	your	
electronic	health	record?	

	
Do	you	want	to	improve	the	quality	of	your	health	data?	



Preparation and 
planning!

•  Webinar on data 
quality

•  Needs and 
objectives

•  Define the scope 
and domain(s)

•  Scope the data sets
•  Partnership and 

confidentiality 
agreements, GDPR

•  Assign roles, 
timelines

•  Contracts

Dataset 
generation!

•  Onsite visit
•  Prioritise the DQ 

dimensions
•  Select the EHR 

variables
•  Prioritise and 

localise the i~HD 
DQ rule library

•  Pre-assessment of 
the data set extract

•  Fine tuning the data 
set

•  Final data set for 
assessment

Assessment!

•  Validation of the 
data set

•  Tools based 
analysis of the 
variables for agreed 
dimension

•  Graphical outputs + 
descriptive 
interpretation by 
i~HD medical and 
statistical experts

•  Preliminary findings 
discussed with the 
hospital, to 
exchange insights 
on causative 
factors

Outcome!

•  Final written report
•  Presentation to the 

team
•  Discussion of 

recommendations
•  Improvement 

strategy planning
•  Workshops, online 

tutorials
•  Issue successful 

hospitals with a 
Data Quality Seal





i~HD@iHD_HealthData . Oct 9
i~HD	member,@fstaelens,	OLV	Hospital	
Aalst:	My	vision	is	that	medical	data	is	an	
important	vehicle	to	measure	and	improve	
quality	of	care	in	our	hospital.	i~HD	supports	
us	in	analysing	and	visualising	our	health	
data	and	its	quality.	This	helps	in	providing	
high	quality	care."

Frank Staelens 
OLV Hospital Aalst 

▪  i~HD@iHD_HealthData . Oct 15
▪  @Joanxcomella,	Director	of	@VHIR_:	Given	

#iHD	mission	in	health	data	quality,	it	was	
quite	obvious	for	us	to	select	i~HD	as	a	
preferred	partner	for	our	hospital	data	
quality	strategy.	It	will	make	us	an	even	
more	attractive	partner	for	European	
research	activities."	#healthdata

Joan Comella 
Director of Vall d’Hebron 

Institut de Recerca 

Dipak Kalra@DipakKalra . Oct 17
Dr	Miguel	Angel	Mayer,	from	Hospital	del	
MAr	and	i~HD	Member,	explains	to	the	SCOPe	
audience	how	integrating	clinical	data,	and	
assessing	its	quality,	has	enabled	them	to	
accelerate	their	bio-informatics	research.	
#Datasaveslives

Miguel Angel Mayer 
Hospital del Mar 



Thank you!

 

pascal.coorevits@ugent.be

www.linkedin.com/pascalcoorevits



Mr. Bart Vannieuwenhuyse     
Data Sciences Lead Benelux campus 
The value of Real World Evidence to Pharma 

	
	
 

	
	
 



Bart Vannieuwenhuyse 
September 2019 | Janssen Clinical Innovation 

Value of Real World Data to pharma  
A data-driven pharmaceutical perspective 

Pictured above: Ulcerative Colitis 



Framework for RWD 
Clinical Care Clinical Research 



Framework for RWD 
System biology 

Biomarker definition 

Lead identification 

Clinical trial Execution 

Market Access 

Ongoing safety 
tracking 

incident monitoring & 
detection 

retrieval of similar  
patient history 

outcome analysis 

care management  
patients at risk 

re-admission prevention 

diagnosis & 
treatment assistance 



RWD defined 

RWD is the  
“by-product” of 

routine care 



Overview – data driven innovation opportunities  

Product Development Life Cycle 

Hypothesis Free 

Broad disease understanding & 
target identification 

d 
INSIGHTS 

Biology “Epi” 

Capabilities 

•  EHR + multi-omics 
•  Machine learning 
•  Distributed computing 
•  Looking for “translational” 

datasets 

Learn - Confirm 

Hypothesis confirmation & 
targeted development 

d 
EFFICIENCIES 

PoC trial Full Clin 
Dev’t 

Capabilities 

•  Integrated data sources 
•  Augmented RWD – deep data 
•  Trial candidate pre-

identification 
•  Network extension and 

deepening 

Post-Launch 

PRO Cont’d 
monitoring 

Ongoing monitoring of outcomes 
and safety 

d 
EFFECTIVENESS 

Capabilities 

•  Integrated data sources 
•  PRO data capture 
•  Multidisciplinary analytics 
•  Connections / EMA / HTA 
•  Blurring phase 3 and 4 

Data types: Genomics – multi-omics – EHR – Primary Care – PRO - PRE 



Mobilizing data - challenges 

Privacy, legal and 
ethical issues Data in silos 

 
Ownership –  
right to use 

Semantic chaos –  
need for practical solutions on 
interoperability 

Data quality –  
“horses for courses”  Digital pipelines for sharing Contractual barriers  Building trust among 

stakeholders 



Innovative Medicines Initiative 

The IMI is a unique Public-
Private Partnership (PPP) 
between the 
pharmaceutical industry 
represented by the 
European Federation of 
Pharmaceutical Industries 
and Associations (EFPIA) 
and the European Union 
represented by the 
European Commission. 

 

5 Billion Euro 

2.5 Billion Euro 2.5 Billion Euro 



Multiple great examples --- 
§  Federated approach 
§  Multi-stakeholder involvement/commitment 
§  Public-private collaborations 
§  Need for open-minded innovative 

approaches, look for long term benefits & 
potential 

67 



68 

Stimulating the flow of data through 
federated networks 
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Leveraging power of data – EMIF  

European Medical Information Framework (EMIF) 



EMIF-Alzheimer Disease research 
Age-stratified prevalence of dementia in Europe from the literature and from electronic health records 

Alexander et al, JAD 2014;48:355.  
Systematic literature analysis of 26 EU 
studies reveals continuously ↑ing prevalence 
of dementia from 60 years, reaching 44.7% 
at >95 years (left axis) 
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Stewart et al (submitted, AAIC 2016). Based on EHR in 
6 population databases, prevalence of dementia ↑ed at 
a similar relative rate by age stratum,  but was ~50% of 
that in Alexander et al’s review (right axis).   

EMIF introduction 



New IMI project 

Harmonised	100	million	records,	mapped	to	the	OMOP	common	data	model	

Ecosystem	of	certified/qualified	SMEs	harmonising	data	sources,	supported	by	
€17mio	fund	via	open	series	of	calls	

Federated	analytics	via	OHDSI	tooling,	ARACHNE	and	EMIF	platforms	

Impact:	Improving	trust	and	reusability	of	real	world	data	for	key	stakeholders	

Aligned 
with 
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EHR4CR 

For profit – InSite platform 

Non-profit – iHD institute Source: presentation Prof Dipak Kalra 

InSite network merged 
with TriNetX in 2019 



Using federated data in clinical research 

Trial Design Services 
TRIAL DESIGN 

TDS 

  Study Placement Services 
PROTOCOL 

FEASIBILITY 

SPS 

   Electronic Chart Review 
PATIENT 

RECRUITMENT 

ECR 

CT Data Capture Services 
DATA 

CAPTURE 

DCS 
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Early protocol design (example InSite) 

Trial	Design	
Understanding	impact	of	eligibility	criteria		

on	recruitability	of	study			 Protocol	Formalization	

Impact on �
trial design

esketamine trial in major depressive
 disorders (54135419SUI3001)



4
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eChart Review / patient enrollment InSite (prospective)  

Patricio Molero, MD, PhD 
Study PI 
 
Clínica Universidad  
de Navarra, Spain 

patients	identified	Sept.-Nov.	
without	InSite	

additional	patients	identified	
by	InSite	in	November	

InSite	recruitment	in	esketamine	trial	in	major	depressive	
disorders	(54135419SUI3001)	

“12	new	patients	which	we	otherwise	would	have	
missed”	

“Fast,	powerful	tool	for	the	identification	of	
potential	candidates”	

12 
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Influenza A infection:  
Linking primary care data and hospital EHR data 

The aim of this pilot 
project was to define 
the time lapse between 
onset of flu symptoms 
and hospital admission 
within a cohort of 
Influenza A patients, by 
analyzing both hospital 
electronic health 
records and primary 
care (outpatients) data. 
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Federated data network for clinical research 



Ethical – Legal – Privacy – Patient Engagement 

Future view – “holistic data” 



Bart Vannieuwenhuyse 
bvannieu@its.jnj.com 



Mr. Brecht Claerhout      
Managing Director Europe TriNetX Inc. 
A case study example of a successfully deployed clinical 
research platform that reuses EHR data to support 
research 

	
	

	
	
 

	
	
 	
 



Mr. Geert Thienpont     
Director of the European Institute for Innovation 
through Health Data 
Moderator 
Panel discussion: the business case for hospital 
investment in high quality EHR data 

	
	
 






