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The Learning Healthcare System
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Evidence Based Medicine paradigm is facing many challenges (Djulbegovic 2009, Greenhalgh

2014).  Among others, it is needed to decrease the 17 years that currently elapse since 

knowledge is generated until it is used at the bedside (Balas 2000, Friedman 2010).

The IOM proposed in 2007 the Learning healthcare system as a paradigm to overcome these 

challenges. The LHS heavily relies on the use of technologies for (IOM 2007, ESF 2016):

• Implementing that knowledge to apply latest evidence at several levels (clinicians, patients, 

citizens, populations).

• Providing communication channels and tools across the participants in care processes.

• Facilitating secondary use of data to generate new knowledge.

->data reuse networks and Clinical Data Warehousing (DW)

Budrionis A, Bellika JG. The Learning Healthcare System: Where are we now? A systematic review. J Biomed Inform 

2016;64:87–92. doi:10.1016/j.jbi.2016.09.018. ©Luis Marco-Ruiz 2018
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Clinical Data Warehousing

• This has led to the birth of many data reuse networks and the Clinical Data 
Warehousing (DW) discipline.

• Clinical DW has significant differences with respect to traditional enterprise DW. 

• While in enterprise DW the focus is on dealing with large amounts of data, clinical 
DW focuses on preserving the meaning of data.
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Representing information and knowledge

• The meaning of information when accessing it across different institutions must be preserved.

• Data users(e.g. researchers, health indicators, etc.) need to be able to understand the meaning of 
the information accessed.

• Data users may belong to different organizations.

• A lack of precision in communicating the meaning of a dataset may result in inaccurate or 
erroneous conclusions in quality studies irrespectively of the algorithm used. 

AVOID AMBIGUITY! MAXIMIZE DATA QUALITY!

Data access is necessary but not enough…
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Computational models involved
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• In order to preserve the meaning of information across disparate organizations, 
representation mechanisms (languages) for both the information and the meaning are 
needed.

• Clinical Information standards are used to represent information structures.

• Description Logics are used to define ontologies that are formal (mathematical) 
representations of the semantics conveyed by clinical information models.

Representing information and knowledge

Information representation Knowledge representation
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Building clinical information models for DW
• OpenEHR has been selected as standard for representing clinical information in EHRs by 3 out of 4 health 

regions.

• In 2013 the National ICT Health Trust created the National Editorial Group for Archetypes (NRUA) for 
coordinating the development of the national repository of clinical models (archetypes). We systematically 
check every new development in our network with NRUA to ensure proper governance.

• Spring 2018 started the work for eliciting the DW archetypes in HiGHmed

©Luis Marco-Ruiz 2018



12

Building clinical information models for DW
• Archetype reuse must be attempted checking national and international repositories.

• Often, CKM archetypes need to be extended to accommodate data reuse
requirements.

©Luis Marco-Ruiz 2018



Representation of semantics in clinical DW
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Building clinical information models for DW
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Marco-Ruiz L, Pedrinaci C, Maldonado JA, Panziera L, Chen R, Bellika JG. Publication, discovery and interoperability of Clinical Decision Support Systems: A Linked Data 
approach. J Biomed Inform 2016;62:243–64. doi:10.1016/j.jbi.2016.07.011. 

Linked Knowledge Base

LOD Cloud

sawsdl:modelReference

sawsdl:modelReference

SOAP RESTful

SOAP

sawsdl:modelReference sawsdl:modelReference

sawsdl:modelReference

Time
Gene 

Ontology

...SNOMED-CT ICD

ATC

Binding Clinical Information Models to domain 
ontologies

©Luis Marco-Ruiz 2018



Agenda

• The Learning Healthcare System

• Conceptualization of clinical data warehousing (DW)

• Computational models involved

• Information representation for clinical DW

• Knowledge representation for clinical DW

• Experiences in Norway and Germany

• Organization and challenges

• Acknowledgements

©Luis Marco-Ruiz 2018



Nation wide clinical data warehousing initiatives

LHS-toolbox (Norway) & HiGHmed (Germany)
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Clinical DW in Norway: the LHS-Toolbox

The LHS-toolbox project is funded by the Norwegian Research Council with 12,000,000 
NOK. The project is based on the evolution of the SNOW system for distributed 

computations.

Now it has evolved into a national primary care research network (Praksisnett)

18©Luis Marco-Ruiz 2018



LHS and SNOW

sdsdsds

©Johan Gustav Bellika 2017

Deployed Snow system nodes 
• A common system for extraction of data from labs 
and health institutions 
• A common system for presentation of health data
• A common system for computation of distributed 
health data 



LHS-toolbox (Snow and Emnet)
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Virtual openEHR-based view
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HiGHmed Summary
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Clinical DW in Germany (HiGHmed)

The HiGHmed project is funded by the Federal Ministry of Education and Research 
(BMBF) with ~40 mio. Euro. This funding scheme was designed to fund initiatives 

that will foster the digitalization in the field of medicine

24

Haarbrandt B, Schreiweis B, Rey S, Sax U, Scheithauer S, Rienhoff O, et al. HiGHmed – An Open Platform Approach to Enhance Care and Research across Institutional Boundaries.
Methods Inf Med 2018;57:e66–81. doi:10.3414/ME18-02-0002. 
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Medical Informatics Initiative Funding 
Scheme

• Data produced inside the healthcare

system may provide valulable

insights for care and research but is

currently not efficiently used.

• Lay the foundation to establish a 

Learning Health System and data-

driven medicine

25

Establishment of a national 
infrastructure

to enable secondary use of data 
within and across hospitals



Private and Networking Partners

Academic Partners

Associate Partners

HiGHmed - Partners
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HiGHmed
• ~¼ of the German university hospitals

• Application phase: Sep 2015 – April 2017

• Project Start on Januar 1st 2018.

• ~40 mio Euro funding until the end of 2021

• Competing with 3 other consortia

• Demonstrate added value of data sharing by 
implementing 3 use cases

27



Design Principle

Within HiGHmed, we join forces to create a open, scalable, and FAIR platform 
architecture to combine data from care, research, and external sources and to 

develop interoperable applications.

FAIR Principles: Findable, Accessible, Interoperable, Re-Usable



Querying

• Usage of the Archetype Query Language to 
enable model-based querying
• technology-neutral, semantically-enabled and 

vendor-independent approach to querying

• SQL databases

• XML databases

• “Big Data” solutions

• Distribution of queries between partners

29



HiGHmed
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Basic Principles

• Patients first: In addition to fine-grained use and access control, patients will be able to view 
and obtain their health data through user friendly tools.

• Data Safety and Privacy: Data safety and privacy and the patients’ right of self-determination 
are highest priorities. Data access is regulated unambiguously in a transparent and traceable 
process.

• Clinically led Data Modeling: Healthcare professionals and researchers alike need to be 
actively engaged to establish semantic interoperability. This creates a new clinico-technical 
role, the so-called Data Steward, responsible for the management and fitness of data 
elements within the clinicians.

• Scalability: Technical solutions must be optimized to handle high volumes of complex, 
constantly changing information and clinical workflows. 

31©HiGHmed 2018



HiGHmed Technical Infrastructure
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HiGHmed Use Cases

• Use Case 1 Oncology: The oncology use case will help us to address challenges in 
Medical Informatics when integrating omics data from genome sequencing and 
radiology into clinical practice. New, mobile diagnostic devices are expected to 
change current medical practice and research by contributing to the long-term 
monitoring of personal health data at an unprecedented level. 

• Use Case 2 Cardiology: Within the cardiology use case, we will systematically 
explore and address IT challenges related to the integration of data from wearable 
and connected devices into our IT architecture. 

• Use Case 3 Infection Control: The infection control use case will develop an 
automated early warning and cluster analysis system to support the algorithmic 
detection of pathogen clusters. It will include multidrug- resistant organisms within 
and across university hospitals, the verification of whether clusters represent 
outbreaks, and the identification of possible causes of outbreaks.

07.10.2019
33©HiGHmed 2018



http://www.highmed.org/
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LHS-toolbox and HiGHmed share 
requirements and challenges
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Technical requirements of clinical DW

• Integration of heterogenous data sources in structure and meaning

• Common representation formats are needed (openEHR, HL7 FHIR, IHE XSD)

• Semantic Interoperability is required for the consistency and meaning

• Expressive queries (e.g. Some kind of…)

©Luis Marco-Ruiz 2018



Organizational challenges in clinical DW

• Need for more flexibility managing project funds.

• Excess of regulation in public funded projects
-> administration tasks consume huge amount of resources, slow procurement process, slow hiring processes etc.

• The complexity of procurement processes may affect small-medium size companies.

• Collaboration among different health regions may be complex.

• Recruit highly skilled IT professionals for public projects is difficult.  We are not 
competitive when compared with private companies. This may affect quality of our 
developments -> we try to alleviate this by partnering with vendors that are interested in 
our use cases/developments.

©Luis Marco-Ruiz 2018



Organizational challenges in clinical DW

• GDPR-> currently the regulation is ambiguous and no clear answers are provided
-> this affects the whole data reuse infrastructure.

• We need more efficient mechanisms to enable patient control.

• The border between a research study and a study measuring health indicators is not 
clear

-> uncertainty on how to proceed

©Luis Marco-Ruiz 2018



EHRbase: Open source openEHR repository

40

Haarbrandt B, Schreiweis B, Rey S, Sax U, Scheithauer S, Rienhoff O, et al. HiGHmed – An Open Platform Approach to Enhance Care and Research across Institutional Boundaries.
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EHRBase
• Born from the HiGHmed project

• Opensource openehr repository

• Developed as part of HiGHmed in collaboration with the vendor Vitagroup AG.

• Originated as a fork of Ethercis (Ripple foundation).

• Apache 2 license.

• Release 1.0 coming (next week*)

©Luis Marco-Ruiz 2018
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