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ABSTRACT 
 

The use of Electronic Health Records (EHR) is wide spread in healthcare today. EHRs are not 

only used to support daily care but also used to support important secondary uses, e.g. clinical 

research, quality assurance and education. Although considered advantageous compared to 

paper-based records, EHRs still have a long way to go in realizing its full potential as an integral 

part of a safe, effective and efficient health care system.  

 

Making EHRs interoperable is a prerequisite to support increasingly distributed and diverse 

healthcare. Bringing up-to-date knowledge into EHRs for decision support is a critical step to 

foster evidence based care. EHR data from different sources need to be analyzed in research in 

order to find new evidence for improvement of the current practice. Knowledge in the form of 

guidelines needs to be disseminated and applied in practice through continuous education. This 

cyclic flow of information and knowledge between care, research and education must be 

facilitated in order to achieve a safer and more efficient healthcare. An interoperable EHR 

framework can facilitate the sharing of information and knowledge between not only human 

users but also participating software systems. This is the aim of this thesis, which is built upon 

the research in the field of semantic interoperability, in particular the pioneering work by the 

openEHR Foundation.  

 

The journey of this thesis started with a template-based supplementary EHR system - Julius, 

which allows clinicians to define and share record structures for care and research. The 

formalism behind Julius is comparable to the openEHR archetype formalism but less expressive 

and without the backing of international standards. This finding led to an open source 

implementation of the openEHR design, which in turn initiated the validation and further 

improvements of the archetype formalism. The software components made the archetype 

formalism more accessible to academic and commercial projects around the world.  

 

The investigation of the convertibility between a legacy EHR content model and the archetype 

model showed that the archetype format is more expressive and thus can be used to preserve 

legacy EHR content definitions. A general strategy for migration from legacy EHRs to 

archetype-based EHRs was formulated. A novel way of representing clinical practice guidelines 

using archetype formalism was proposed and tested on a lymphoma chemotherapy guideline. 

The implication of this study is improved interoperability between guidelines and EHRs that 

could facilitate both clinical decision support and guideline-compliance checking. 

Maintainability of guidelines could be increased through reuse of EHR content models as 

building blocks of guidelines. In the last part of the research, a way of expressing fully structured 

care plans using openEHR and CONTsys has been explored based on the requirements for 

elderly home care. A sharable and semantically well-defined care plan could contribute to the 

coordination of shared care. 

 

The key contribution of the thesis can be summarized as the validation and further improvement 

of the openEHR archetype formalism through software implementation and the explorations on 

clinical guidelines, shared care plans and legacy EHR content models in relation to archetype-

based EHR framework. 
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1    INTRODUCTION 
 

Medical informatics [1, 2] sometimes known as biomedical informatics [3] or health informatics, 

is the interdisciplinary science that concerns biomedical information, its structure, acquisition 

and use. It is grounded on the principles of computer science, information science, software 

engineering as well as medical science. One of the key research areas of medical informatics is 

to find better ways to model the structure of health information so it can be used more effectively 

to support clinical practice, research and education. 

 

The benefits of Electronic Health Records (EHRs) have been increasingly recognized in 

healthcare. Electronic prescribing, a component of EHRs, may reduce medication prescribing 

errors [4-7] through increased legibility, warnings against drug interactions and previous allergic 

reactions and possibly automated dose calculation. EHRs have the potential to coordinate 

distributed care processes and communications among multiple specialists and the patient [8]. 

They are also more easily aggregated from different geographic locations to support large 

clinical research studies compared to their paper counterparts. If Clinical Decision Support 

(CDS) is provided within EHRs based on practice guidelines, care can be provide based on 

evidence and best practice in order to achieve better quality and efficiency [9-11]. But perhaps 

the most promising potential of EHRs is its ability to close the loop between clinical practice, 

research and education [12]. 

 

These potential benefits of EHRs have led to the introduction of different generations of EHR 

systems in the Swedish healthcare since 1970s. Today Swedish healthcare has 100% coverage of 

computerized records in primary healthcare and 92% in hospitals [13]. Sweden is among the best 

countries of utilizing EHRs in Europe, particularly leading in the areas of electronic prescribing 

and CDS [14].  

 

The early success of introducing EHRs in Swedish healthcare also comes with a price. Since 

different EHR systems were implemented at different times and on different technical platforms, 

the ability of these EHR systems to share data is very limited. The ability of EHR systems to 

share data and to use received data as intended is sometimes known as “interoperability”. Poor 

interoperability could occur between different EHR systems, between application modules 

within the same EHR system and between EHR systems and neighbouring systems like CDS 

systems and quality registries. Poor interoperability or rather the lack of it has contributed to the 

image of a fragmented healthcare IT. Data are entered into various systems and are kept there not 

sharable with other systems or actively used by other applications. This picture is sometimes 

described as islands of systems where data are trapped in their originating system. Such isolated 

islands are no doubt limiting EHRs to realizing its full potential to support clinical practice, 

research and education. 

 

Another well-known problem with most legacy EHR systems is their inability of adapting to ever 

changing clinical requirements due to evolving clinical knowledge, practice guidelines and new-

found evidence through research [15, 16]. Modern EHR systems often provide some means for 

users to define aspects of the record structure to achieve certain levels of flexibility. Those record 

content definitions are commonly expressed in proprietary format and almost never transmitted 
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to external systems if records are shared. The inability to access the record content definitions 

does not only prevent human users of the receiving system from proper interpretation of the 

information correctly but also makes it harder for knowledge-based programs to act on received 

data. Moreover, the maintenance burden of these ever growing EHR content definitions is often 

on individual customers or worse on the EHR supplier who has no first hand access to the 

evolving knowledge. The lack of a commonly agreed format for EHR model representation 

effectively hinders possible collaborations for maintaining the collective knowledge of EHR 

content definitions.  

 

The volume of knowledge in the biomedical domain is increasing exponentially [17]. 

Traditionally knowledge dissemination has been done manually and requires considerable efforts 

from clinicians to keep up with the pace of the development [18]. Information technology is 

considered by many as an essential part of the solution [19]. Linking latest knowledge to EHR 

content to provide real-time alerts, reminders of interventions and guideline based care is 

proposed as a way to increase patient safety and to improve treatment efficacy [10, 20]. 

 

There are different kinds of knowledge in the EHRs. The general knowledge about medicine 

often exists in EHRs in the form of terminology systems and ontologies where discrete 

healthcare domain entities and their relationships are formally described [21]. This kind of 

knowledge is the foundation for sharing clinical meaning and safe reuse of EHR data for most of 

the secondary uses [22].  

 

Another kind of the knowledge, which is often more volatile than the former, is the knowledge 

needed to derive conclusions, decisions and actions from the information in EHRs, e.g. a 

recommended treatment regimen for a given diagnosis. This type of knowledge often exists in 

the form of clinical practice guidelines and protocols. Traditionally guidelines are based on 

consensus amongst experts but increasingly guidelines are developed according to evidence [23]. 

It is reported that evidence-based guidelines are better followed in practice than consensus-based 

guidelines [24].  

 

Evidence is obtained in research typically through randomized clinical trials. Such advances in 

medical science are mainly published by prestigious medical journals and require continuous 

efforts from medical professionals to keep up. It was estimated that evidence from large clinical 

trials takes in average 17 years to reach clinical practice [25] and applied unevenly when in use. 

CDS is perceived by many as an important instrument to foster evidence based care [10, 11, 26]. 

Inversely, the importance of facilitating clinical trials directly within EHRs has been recognized 

as early as in the late 90’s [12, 27]. 

 

It has been shown in many areas that CDS can facilitate EBM, reducing mortality and morbidity 

[10]. Successful CDS implementations, built as single systems more than a decade ago have been 

proven as accurate as human medical experts [28, 29]. However, CDS has generally not reached 

large scale clinical use for several reasons. One major obstacle is the lack of standardized and 

structured clinical information in EHRs. Manually re-structuring and re-entering data just to feed 

a CDS system is not realistic other than in some specific use cases. Local integrations of EHR 

systems and CDS, although doable, have not been easy to scale to national level due to the 

differences in EHR information models and in content definitions. 
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The starting point of this thesis is a research project aiming to facilitate the gathering of clinical 

information for research and quality assurance without replacing existing EHR systems. The 

result was a complementary EHR system that allows clinical users to define what kind of data 

they want to capture. This system was integrated with local legacy EHR systems so that the 

supplementary system can be invoked directly within a local EHR system when reporting 

research related data is needed. This effort does not solve the interoperability of data that are still 

in different local EHRs’ internal format but it offers a flexible way of gathering and reporting 

research oriented data in a uniform and local EHR independent way. 

 

With the emerging standardised approaches to EHR structures and terminology usage, some of 

the grand challenges in this field could be re-addressed [15]. If more EHR content becomes 

structured and semantically well defined the possible application areas for CDS will grow. This 

is not only due to the interaction in real time between formalised guidelines and the clinical 

information from EHRs but also because the process for evidence generation can be improved. 

Standardized representation of EHR content will facilitate the data mining of populations of 

EHRs for the purpose of knowledge extraction. Large scale clinical trials are also likely to be 

facilitated by standard EHR content definitions. The new knowledge obtained from research 

using clinical information from EHRs improves the knowledge base and further promotes 

evidence based medicine through provision of integrated decision support. These are the 

objectives that form the basis of this thesis. 
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2    TOWARDS SEMANTIC INTEROPERABILITY OF EHRs 

 

2.1    From paper records to EHRs 
Medicine has been practiced for a very long time on paper-based records [30]. Medical records 

have been a very important means of documenting and communicating healthcare related 

activities in order to provide continuity of care to individual patients. They have been used not 

only to support clinical practice but also for research, education, quality assurance and legal 

purposes [31]. In other words, medical records are an integral part of the healthcare. With 

modern technological advancement, it becomes possible to computerize medical records and to 

use software systems for record entry, storage, retrieval and display. Compared with paper-based 

records, electronic records have, almost by the nature of information systems, several distinctive 

advantages such as increased legibility, increased availability especially simultaneous access by 

multiple users, and increased searchability of the records. But perhaps the most important 

potential improvement over paper-based records is the possibility to link up-to-date knowledge 

to EHRs to provide guidance to clinical practice improving patient safety and quality of care [11, 

12]. 

 

2.2    Opportunities of EHRs 
Simultaneous access to the same medical record across organizational and geographic 

boundaries can improve the coordination of distributed care. When records can be collected in 

large quantities from a population, meaningful clinical research could be done otherwise 

impossible with limited patient cases. Disease surveillance can be performed on aggregated 

records on a regional population to provide timely reports on out-breaks. Treatment data can be 

collected, analyzed retrospectively against published clinical practice guidelines, known as 

guideline compliance checking as a measure to improve quality of care. Deviations from 

standard care could indicate gaps in the published guidelines and guide further research. 

Scientific evidence from research can be summarized as guidelines and used as guidance for 

clinical practice, a way of practising medicine known as evidence-based medicine (EBM) [32]. 

These possibilities rise as opportunities thanks to modern information technology, with which 

records can be computerized, shared and processed in many different ways impossible with 

paper-based records [12]. 

 

2.3    Challenges of EHRs 
With the opportunities of EHRs, also come the challenges. The potential of sharing electronic 

records with different care professionals across different sites and time means the records will 

potentially be used outside the original context in which the data entry occurred. The ability to 

share not only the record itself but also the context information and the semantic definition is 

crucial for safe reuse of the data [33]. For example, a numeric value “70” does not convey any 

clinical meaning thus useless without its originating context. With the units “kg” and a properly 

described protocol of weight measurement, e.g. with or without clothing, this data become 

clinically meaningful. 
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In both clinical and research settings, it is common to view, collect and compare records over 

long periods of time. Thus it is important to have a way of representing different versions of the 

same clinical content definition over time. Since technical platforms and EHR software systems 

come and go over time, it is important to have a technical platform and software independent 

way of representing EHR content definitions. 

 

If the interpretation of EHR data involves computer programs, the definition of data semantics 

must be described in a way so that it is unambiguous and machine-interpretable. For CDSSs, the 

ability to query fine-grained data elements in EHRs is important for triggering various decision 

support rules at correct time and context. Without a proper way of describing machine-

interpretable content definitions and agreed common definitions, CDSSs will be limited both in 

functionalities and on scales.  

 

In order to achieve semantic interoperability, not only record structures but also the definitions of 

clinical meaning should be agreed and shared. Clinical meaning is often described by reference 

terminologies and ontologies that are linked to record structures. The process of linking 

definitions of meaning to data structures is sometimes known as terminology binding [34, 35]. It 

does not only have a big impact on the quality of collected data but also affects the ability to 

infer on the data safely. The ability to aggregate and to infer on recorded data is important in 

most secondary uses of EHR data, e.g. CDS, data mining for knowledge discovery and clinical 

research.  

 

Technical barriers could also limit EHR interoperability. Examples of these are difficulties of 

data communication between different technical platforms, and finding ways of agreeing on 

communication interface between different systems. In addition, information security aspects 

including both technical countermeasures and authorisation of access further complicate record 

sharing. These difficulties fall mainly in the technical space and should be tackled with 

conventional IT methods and are therefore not the focus of this thesis.  

 

There are also other challenges of EHRs, e.g. the need to support diverse specialties of care, and 

the difficult balance between structured records and unstructured records. These challenges need 

to be closely examined in specific context in order to arrive at possible solutions.  

 

2.4    The requirements of EHR interoperability 
The requirements of EHR interoperability is largely based on the general requirements of EHRs, 

which has been actively researched for the past 15 years internationally [36]. These requirements 

have been consolidated by ISO as an International Technical Specification [37]. In the context of 

this thesis, EHR interoperability can be further divided into three sub-areas for further 

examinations. 

 

2.4.1    Interoperability between EHR systems 
Increasingly healthcare is becoming more distributed and diverse. Increased mobility of patients 

and healthcare professionals, emergence of more specialised healthcare and more complex 
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pathologic conditions associated with elderly patients together contribute to a more distributed 

healthcare than ever before. Physical distribution of the healthcare provision requires that 

information related to caring of individual patients must be communicated and shared between 

healthcare professionals participating in the same care process. The information flow that spans 

across organizational and geographic boundaries makes it difficult to have a single EHR system.  

 

Regional EHRs relieve the problem to some extent but do not solve it all. Often specialized 

software is needed on top of a regional EHR to handle very specialized medicine, e.g. 

oncological chemotherapy. These types of specialized software, sometimes known as 

departmental systems together with existing legacy systems may become semantic black spots in 

the regional EHRs due to different internal EHR representations.  

 

Traditional software integration could help but would not solve the problem completely. When 

integrating two systems with different internal EHR information models, the result is dependent 

on the common semantics shared between the two models. In other words, the less expressive 

model will determine the scope and granularity of the integration. Furthermore, in a regional 

setting or hospital environment where there are many departmental systems, the resources 

required for such integrating could be prohibiting. 

 

The interoperability issue between different EHR systems that contain information on the same 

patient is obvious since it hinders the provision of continuity of care. Thus it has drawn a lot of 

attention from the EHR community. Substantial efforts on research, standardization and policy 

making have been invested to tackle the issue. This thesis has built upon the foundational work 

from these pioneering projects. However, this thesis is trying to provide a holistic framework to 

tackle also the challenges facing interoperability between EHR systems, knowledge sources and 

research. 

 

2.4.2    Interoperability between CDS and EHRs 
Knowledge in the form of evidence obtained by research or as agreements between experts is 

often formalized as clinical practice guidelines [23]. These guidelines are vital in assuring quality 

of care and improving patient safety. Traditionally guidelines are disseminated on paper or in 

unstructured electronic formats. The adoption of guidelines in clinical practice is slow and 

ineffective. It is often hard to collect data on guideline compliance as input to quality assurance 

and research.  

 

Several guideline representation models (GRM) have been developed, e.g. Arden Syntax [38], 

GLIF [39], and PROforma [40], in order to provide guideline based CDS. Integrating guideline 

engines with EHRs is well recognized as the bottleneck of implementing computerized 

guidelines [41]. This interoperability limitation between CDS and EHRs should be understood as 

bidirectional. On the one hand the lack of a common EHR model makes it hard for CDSSs to 

query fine-grained data elements in EHRs for triggering decision rules in the guidelines. On the 

other hand recommendations from the guidelines, e.g. a complex treatment regimen, could not be 

utilized by EHRs effectively due to differences in EHR and guideline representation models. The 

latter can not only result in ineffective implementations of CDS [42, 43], but also hinder 

guideline compliance checking on information from EHRs.  
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Since the knowledge in guidelines is constantly evolving, guidelines must be kept up-to-date, 

ideally by clinicians themselves who have the access to the knowledge. Thus effective guideline 

authoring tools and knowledge management environment is necessary for sustainable success of 

CDS implementations [44]. 

 

2.4.3    Interoperability between EHRs and research 
The types of data used by retrospective clinical research are signs, symptoms, laboratory data, 

diagnosis, treatment data and outcomes, all typically stored and collected from EHRs. The ability 

to gather records from diverse sources and to interpret the records correctly has direct impact on 

the quality of the results of scientific research [45]. This type of information flow usually occurs 

between EHRs and data repositories that are designed for research purposes. It is preferable to 

reuse clinical data directly for research and to avoid double-entry. Controlled clinical trials have 

specific design of data collection and entry criteria of patients. It would be ideal if such trial 

protocols could be implemented directly within EHRs so for example the doctor will be notified 

when a patient is eligible for the trial, and relevant treatment regimens can be integrated with 

CPOE within EHRs. 

 

 
Figure 1. The continuous cyclic flow of information and knowledge in healthcare 

 

EHR
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In summary, there is a continuous cyclic flow of information and knowledge between clinical 

practice, research and education (Figure 1). The information flow continuously brings care 

related information into research, sometimes with additional information according to trial 

protocols. New evidence is discovered through research and formalized in practice guidelines. 

The knowledge flow constantly brings new evidence into clinical practice in the form of 

guidelines.  

 

The education or training phase is shortened and becomes more efficient if new evidence can be 

brought into practice directly by guidelines using CDSS. New information due to execution of 

the guidelines in turn is entered into EHRs and fed into new research. Thus the cyclic flow of 

information and knowledge goes on. The ability to facilitate this cyclic flow of information and 

knowledge within EHRs has a direct impact on patient safety and efficacy of care. An 

interoperable EHR framework is the key to achieve this.  

 

2.5    International standardization efforts 

2.5.1    CEN/ISO 13606 
Standards published by international standardization bodies have an important role on semantic 

interoperability. In Europe, the standards from CEN TC/251, the standardization body 

responsible for standards in Health Informatics in Europe, once published have official status in 

member states. Standards, when officially endorsed by local authorities and sometimes formally 

requested by procurements have direct impact on how health IT systems are designed and 

implemented. Of special importance to this thesis is the CEN
1
 and ISO

2
 standard 13606 Health 

Informatics – Electronic health record communication (parts 1-5) [46]. A contribution of this 

standard is the specification of a Reference Model (RM) and Archetype Model (AM). This 

standard has been further specified by the openEHR Foundation
3
 with its set of specifications for 

EHR systems and sharing of open source for components of such systems. Further description of 

these models will be given below. 

 

2.5.2    HL7 CDA 
HL7

4
 is a USA-based standardization organization that develops standards for health IT. It has in 

the past mainly developed messaging standards. The HL7 v2 messaging standards have wide-

spread use and are still in use today. The version 3 family standards from HL7 are developed 

with an aim to support not only messaging but also other type of interoperability standards 

including EHR standards. The recent HL7 Clinical Document Architecture (CDA) standard is 

developed to support interoperability of EHRs. CDA2 [47] is listed by the SemanticHealth 

project as an alternative to openEHR/13606 to achieve semantic interoperability [33]. 

 

                                                 
1
 http://www.cen.eu 

2
 http://www.iso.org 

3
 http://www.openehr.org 

4
 http://www.hl7.org 

http://www.cen.eu/
http://www.iso.org/
http://www.openehr.org/
http://www.hl7.org/
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2.5.3    SNOMED CT 
SNOMED CT standards for Systematized Nomenclature of Medicine-Clinical Terms and 

originates from the combined work of the College of American Pathologists and the English 

National Health Service. An international organization IHTSDO
5
 (International Health 

Terminology Standards Development Organisation) has been established as collaboration of now 

twelve countries including Sweden in order to maintain and develop the content of SNOMED 

CT. It is by far the most comprehensive clinical terminology and has received a lot of attention 

as a potential reference terminology. In addition to its original English-American versions, it 

now exists in Spanish and Danish and half of it is translated into Swedish. However, there is to 

date very little actual use of SNOMED CT even in English speaking countries. There are still 

issues to be resolved in terms of improving quality and allowing safe reasoning with SNOMED 

CT coded patient data [35, 48, 49]. Active research and development are taking place by 

IHTSDO in order to improve both quality and content of SNOMED CT. 

 

 

2.5.4    openEHR 
The core design specifications from openEHR (Figure 2) consist of the Reference Model (RM), 

Archetype Model (AM) and Template Model (TM). The RM is nearly a super-set of that of 

EN/ISO 13606 Part 1. It is comprised of data types, data structures and EHR models. The RM 

classes are the building blocks of archetypes and provide basic semantics of the data. Of special 

interest are the different Entry types in the EHR RM, OBSERVATION, EVALUATION, 

INSTRUCTION and ACTION. These entry types have built-in clinical meaning and are 

extensions to the generic ENTRY type in EN/ISO 13606-1. The AM provides constraining 

mechanism over RM classes and is the design specification for archetypes. The TM provides 

means of grouping several archetypes and further constraining to meet local requirements. 

 

 

 

 

                                                 
5
 http://www.ihtsdo.org 

 

http://www.ihtsdo.org/


11 

 

 
 

Figure 2. openEHR core design specifications (reproduced from the openEHR Architecture 
Overview[50]) 

 

2.6    Definitions of interoperability 
The IEEE definition of interoperability [51] is as follows: 

“the ability of two or more systems or components to exchange information and to use 

the information that has been exchanged.” 

 
The SemanticHealth [35] provided the following definitions: 

1. Functional and syntactic interoperability: the ability of two or more systems to exchange 

information (so that it is human readable by the receiver); 

 

2.  Semantic interoperability: the ability for information shared by systems to be understood 

at the level of formally defined entities, so that the receiving system can process the 

information effectively and safely. 

 
According to SemanticHealth interoperability can be defined at different levels with level 3 

being the highest level: 

Level 0: no interoperability at all 

 

Level 1: technical and syntactical interoperability (no semantic interoperability) 

 

Level 2: two orthogonal levels of partial semantic interoperability 

Level 2a: unidirectional semantic interoperability 

Level 2b: bidirectional semantic interoperability of meaningful fragments 

 

Level 3: full semantic interoperability, sharable context, seamless co-operability 
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2.7    The role of open source software 
Open source software could mean different things in different context. But one essential attribute 

of open source software is being open source – that is open access to the source code of the 

software [52]. With the knowledge of the internal working of a piece of software, often it 

becomes easy to assess the quality of the original design and its implementation. This can be 

educational when the implementation is based on a complex design. With appropriate licenses, 

the ones friendly to commercial exploitation in particular, open source software can lower the 

cost of software and encourage reuse of existing software components.  

In the context of health informatics, this is translated to possibly lowering entry barrier of 

applying relevant standards. When combined with proper software development model, a 

supportive community and certain ways of handling change requests and bug fixes, open source 

software development model could become a sustainable way of validating, improving and 

disseminating design specifications. Open source software and standards, including publicly 

available specifications, often work quite well together for the same aim to improve 

interoperability [53]. 

 

2.8    Overlapping between models 
A central problem of any enterprise of representing semantics, although not specific to the 

medical domain, is the boundary problem [22, 34]. Boundary problems arise when more than 

one model of semantics is used at the same time for a specific purpose and the models overlap 

semantically. 

 

The two models interact and often arbitrary decisions are made on what feature of what model to 

apply in specific use cases. This situation is ubiquitous in medical informatics and is seen in for 

example the binding of terminology to information structures and the integration of various 

knowledge sources, including terminologies, in clinical decision support systems. Since 

healthcare is a highly sub-specialized area of knowledge, each sub-speciality develops its own 

terminologies to support their own needs in their own context, further stressing the importance of 

boundary problems. Models to represent instances of care phenomena (information models), e.g. 

a specific service request, may (and often do) conflict with models to represent types of care 

phenomena (terminologies), e.g. the type of service requested. A concrete example may be that 

information models for laboratory results include measurement procedures that may also be 

included in the terminology's representation of the type of measurement performed. This way, 

the two models of representation interact and inconsistencies may result.  

 

Archetype based systems seem to have potentials in this area. Archetypes do not automatically 

solve the boundary problem, but they encapsulate and highlight the problem and can thus be used 

as an arena where the boundary problem can be clearly defined and resolved by experts for the 

scope of the particular archetype. However, how this process can be repeated reproducibly across 

even limited sub-domains of healthcare, and ultimately the entire domain of healthcare, remains 

an important research issue.  
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3    OBJECTIVES 
 

The overall aim of this thesis is to explore an interoperable EHR framework that can support not 

only clinical practice but also research, quality assurance and education by facilitating the 

continuous cyclic flow of information and knowledge in the healthcare domain. The goal is to 

achieve semantically interoperable EHRs that would enable not only records sharing between 

EHR systems but also between EHRs and neighbouring systems like CDSSs and quality 

registries.  

 

Towards this end, EHRs must be sharable and interpretable by both human users and 

participating software systems. The quest for full EHR semantic interoperability is long and 

challenging. This thesis is built up on pioneering works in the field. The thesis intends to propose 

a framework for developing interoperable EHRs and test the hypothesis in selected areas in 

practical projects. The concrete objectives of this thesis can be summarized as following. 

 

3.1    Specific aims of this thesis 
1. To explore possibilities of and provide means for advancing template-based EHRs 

2. To propose a framework for linking rule-based decision support systems to archetype-

based EHRs 

3. To investigate the feasibility of using standard models, specifically openEHR and 

CONTsys, for representing detailed care plans 

4. To facilitate the process of the development of the openEHR design specifications 

through open source software implementation 

 

3.2    Delimitation of scope 
Due to practical constraints of the thesis project, several areas closely related to the topic were 

excluded from the scope of this thesis by intention. Terminology systems, biomedical ontologies 

and terminology binding between reference terminologies and EHR models, although crucial in 

an interoperable EHR framework, are not the focus of this thesis.  

 

EHR graphic user interface and user interaction, e.g. EHR navigation and overview, although 

essential in any real-life EHR systems, are not investigated by this research. Likewise, other 

technical attributes of EHR systems, e.g. efficient storage model, performance and scalability of 

particular EHR designs are not the focus of this thesis either.  

 

Convertibility between openEHR models and international EHR communication standards and 

messaging standards has been studied by many researchers already and these researches serve as 

input to this thesis. Some methods used by this thesis, e.g. open source software development 

models, which might contribute to overall improved interoperability, are not the focus of this 

research.  

 

Finally, due to limited time and resources, the formal evaluation of the proposed interoperable 

EHR framework will not be included in this thesis. Hopefully the later part of the research and 

further studies will provide indication of the usefulness of the proposed EHR framework. 
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4    MATERIAL AND METHODS 
 

4.1    Framework of research 
The framework of this thesis is engineering science which can be described as a 

multidisciplinary approach to integrate research with areas of traditional engineering such as 

analysis, design and implementation. Important areas for this thesis include but are not limited to 

biomedical informatics, information technology engineering and health care sciences. 
     
The thesis has been driven by the attempts to create practical benefits and to achieve results in 

different projects that each has a manageable goal by itself but together form the larger picture of 

this thesis.  

4.2    Healthcare settings 
The Julius project described in paper I was developed in the regional health authority in the 

Stockholm County with 1.9 million inhabitants and with a close co-operation with the Karolinska 

University Hospital, Solna and the primary care centres in Solna. 

 

The study in paper III was using clinical templates developed at the University Hospital of 

Linköping in the County of Östergötland. 

 

The study in paper IV dealing with representation of a clinical guideline for lymphoma 

chemotherapy treatment was based on the practice guideline from the Uppsala University 

Hospital. 

 

The study in paper V that defined a home care plan was developed in co-operation with the 

county of Gästrikland and the town of Hudiksvall. 

4.3    International standards 
This work is much related to both the federation of formal standards organisations in Europe, 

CEN and the openEHR foundation with its set of specifications for EHR systems. 

 

CEN standards are mandatorily published as national standards in all EU countries and where 

applicable they have to be used in public procurements. The CEN work on EHR started in the 

early 1990s with a publication of a four part prestandard in 1999. From 2007 parts of a revised 

standard series EN 13606 based on a reference model and an archetype constraint model started 

to be published and is now also essentially unchanged international ISO standards [46]. 

 

The openEHR archetype methodology used in many of the studies of this thesis was developed 

by the openEHR foundation and in some aspects precedes the formal 13606 standards and in 

many aspects provide more detailed specifications including some important parts for building 

full-blown EHR systems totally based on the archetype approach. More specifically the design 

specifications from the openEHR Foundation on Reference Models and Archetype Model are 

used. These models share many common elements with the EN/ISO 13606 and the development 

teams have largely overlapped. 
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The European standard EN 13940-1 “Health informatics - System of concepts for continuity of 

care - Part 1” [54] was used in the shared care plan study described in paper V. 

4.4    openEHR archetype formalism 
This thesis is built on the foundation laid by other researchers in the field in particular the 

archetype formalism [55]. Based on a decade experience from several European and Australian 

EHR research and development projects, the archetype formalism is based on rigorous software 

engineering principles and informatics research [56].  

 

4.5    Clinical content models 
Clinical archetypes from the openEHR knowledge repository are used in this thesis. Clinical 

content models in the form of Cambio COSMIC Care Documentation templates are used as input 

in the legacy clinical content model conversion study (paper III). 

4.6    General software development methods 
Open source software development model has been used as a way of validating openEHR design 

specifications and encouraging reuse of the software components (paper II).  

 

Other more general software development methods, e.g. unit-testing and object-orientation are 

also used in different development projects (paper I, II, III). 

4.7    Cambio Cosmic EHR system 
Cambio

6
 Cosmic is the primary EHR application suite developed by the Swedish EHR company, 

Cambio Healthcare Systems. Cosmic is designed according to the HISA pre-standard and build 

on modern software architecture. It has been deployed at several large-scale installations in 

Sweden, Denmark and the UK. The Cosmic EHR is designed to be a regional EHR that supports 

specialized care, primary care and community care. The main care documentation module is a 

template-based EHR, which is used in paper III of this thesis. 

  

                                                 
6
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5    SUMMARY OF PAPERS 
 

This thesis consists of five research papers dedicated to investigations on different aspects of an 

interoperable EHR framework. The following chapters highlight the results from these studies 

and summarize them with a holistic view. 

 
 

5.1    Paper I - Julius – a template based supplementary electronic health 
record system  
 

The Julius project was initiated in 2001 because of the difficulties to collect patient data from 

different EHR systems due to various proprietary EHR models and the poor quality of data. This 

was an obstacle to reuse patient data for research and quality management purpose. The 

objective was to provide a more flexible solution enabling the clinicians to define which data to 

be recorded and shared for both routine documentation and clinical studies. The data should be 

possible to reuse through a common set of variable definitions providing a consistent 

nomenclature and validation of data. Another objective was that the templates used for the data 

entry and presentation should be possible to use in combination with the existing EHR systems.  

 

 

 
 

Figure 3. Julius Concept Definition System  
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Figure 4. Julius Template System  

 
 

 
 

Figure 5. Julius Patient System data entry screen  
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A template based supplementary EHR system was designed to allow the clinicians to define data 

items they want to record and templates that guide data entry. Templates and variables can be 

defined during system runtime to adapt the system to meet new requirements for data entry. The 

system conceptually consists of three subsystems: the Concept Data Service (Figure 3) where 

variables are defined, the Template Data Service (Figure 4) for defining data entry templates, and 

Patient Data Service where the patient data are entered, stored and managed (Figure 5).  

 

The Julius system has met the design objectives and received positive feedback from the clinical 

users. At a later stage of the Julius development, the Julius template model was compared with 

other similar approaches including the archetype formalism proposed by Beale [55]. The 

comparison led to the conclusion that the openEHR archetype model is more expressive than the 

Julius model and the international co-operation including sharing of source code was an 

important advantage. The fact that the openEHR model is closely related to the developing 

European standard for EHR communication was another advantage. The conclusion of the study 

was that similar EHRs developments in the future should be based on the openEHR archetype 

formalism. 

 

The Julius project was the starting point of this thesis. A template-based supplementary EHR 

system design is explored and compared to other similar EHR system designs especially the one 

from openEHR. It is recognized that the openEHR archetype-based EHR design is advantageous. 

This study is a critical step in the thesis in that it led to the choice of openEHR archetype 

formalism as the foundation of this thesis work.  

 

 

5.2    Paper II - The openEHR Java reference implementation project  
 

This study is based on practical experience from the openEHR Java implementation project
7
. The 

design specifications from the openEHR Foundation were implemented in the Java programming 

language and the software components were released under open source license. Later the source 

code was donated to the openEHR Foundation and was adopted as the openEHR reference 

implementation in Java. 

  
Table 1. Changes in openEHR design specifications due to Java implementation 

 

Related Specification Description 

Data Structures EVENT should inherit from LOCATABLE. 

Data Types Date/Time classes improvements 

Archetype Object Model Missing adl_version in ARCHETYPE 

Archetype Object Model Table for missed class ASSERTION_VARIABLE added. 

Assumed_value assertions corrected;  

standard_representation function corrected 

openEHR Archetype 

Profile 

Fix invariants in C_QUANTITYclasses. Correct 

C_QUANTITY.property to CODE_PHRASE. Correct 

invariants for C_CODED_TEXT; correct inheritance for 

                                                 
7
 http://www.openehr.org/projects/java.html 
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C_DV_ORDERED. Corrected C_QUANTITY_ITEM class. 

Corrected errors in DV_STATE model by adding 2 new classes 

Most of the models Use constants instead of literals to refer to terminology in RM, 

mainly used in the invariants part of the class descriptions 

Common, EHR Make DIRECTORY reusable, add new directory package 

Demographic  Remove details /= Void invariant from PARTY 

Archetype Definition 

Language 

Numerous clarifications of the ADL syntax and semantics 

Common,  Support  Minor changes to correctly define 

AUTHORED_RESOURCE.current_revision. Functions added to 

REVISION_HISTORY; 

AUTHORED_RESOURCE.current_revision postcondition added 

Support Correct minor errors in VERSION.preceding_version_id. Added 

is_first function and invariant to VERSION_TREE_ID class. 

Added invariants for 1-based numbering 

 

 

The implementation experience has also led to the authoring of the openEHR Java 

Implementation Technology Specification which is now included as part of the openEHR 

specifications. The implementation experience has also led to a number of improvements (Table 

1) in the design specifications. The Java components (Table 2) released by the Java project are 

used by archetype tooling and EHR development project around the world. 

 

Table 2 - Software artefacts provided by the Java Reference Implementation Project 

Component Name Implemented Specifications Brief Description 

openehr-rm openEHR Reference  

Information Model – Common, Support, 

Data Types, Data Structures, 

Demographics, EHR  

Base component that provides 

the Java implementation of all 

openEHR Reference  

Information Models 

openehr-aom openEHR Archetype Object Model Object validation and 

construction 

openehr-ap openEHR Archetype Profile Implementation of the domain 

data types 

adl-parser openEHR Archetype Definition 

Language 

From ADL to AOM 

adl-serializer openEHR Archetype Definition 

Language 

Serializing  

archetype object model to 

textual output in ADL format 

rm-builder openEHR archetype semantics Reference Model objects builder 

 

 

The open source software development model used by the openEHR Java project creates 

synergies between openEHR projects from both academic and commercial background. The 
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improved availability of openEHR design in the form of open source software components leads 

to more researches and developments based on openEHR. This in turn generates more feedback 

to the design and its implementations. This positive feedback loop seems to contribute to the 

overall interoperability. The result from the Java implementation project does not only facilitate 

the follow-up research projects in this thesis but also indicates possible contribution to 

interoperability from open source software.  

 

The Java implementation of openEHR was in the early phases used for development of a 

prototype EHR application for managing child leukaemia patients. The second implementation 

using the Java reference implementation was the joint development of the Linköping archetype 

editor [57]. 

 

5.3    Paper III - Archetype-based conversion of EHR content models: pilot 
experience with a regional EHR system 
In a response to emerging national health IT projects that are based on the openEHR archetype 

methodology, a study was designed to investigate the feasibility of representing EHR content 

models from a regional EHR system, Cambio COSMIC as openEHR archetypes and inversely to 

convert archetypes to the proprietary format. 

 

 
 

Figure 6. Admission Cosmic template converted to admission archetype 
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Figure 7. The openEHR Imaging archetype converted to Cosmic template including the nested 

archetype 

 
 
 

 

The result was the semantic mapping between COSMIC template model and the openEHR 

archetype model, upon which an automated bi-directional conversion tool was implemented. 

Eighty six COSMIC templates from a large regional installation of COSMIC system were 

successfully converted to archetypes (Figure 6) and nearly all semantic definitions and validation 

rules were preserved. Fifteen archetypes were successfully imported and converted into the 

Cosmic template format (Figure 7).  

 

The study found that the openEHR archetype formalism is more expressive than the COSMIC 

template model. It is also shown that archetype formalism can be used to represent clinical 

content models from a large regional EHR system. The study suggests that archetype formalism 

could be used to preserve legacy clinical content models that are current being used in clinical 

practice but represented in different proprietary formats that are likely less expressive or robust 

than the openEHR archetype format. It is important to have a standard way of preserving the data 

semantics of EHR data that were accumulated and are still being collected in different EHR 

systems. The collection of such legacy content models in a common format would facilitate re-

use and interpretation of the data and serve as a starting point for more coordinated clinical 

content modelling projects in the future. Also in this project, a strategy of introducing archetype 

support step-wise was formulated based on the experience working with COSMIC. It was 

proposed as a way of smooth migration into archetype-based interoperable EHR architecture. 
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5.4    Paper IV - Representing a chemotherapy guideline using openEHR and 
rules 
 

This study is designed to explore a clinical guidelines representation based on an interoperable 

EHR framework. Lymphoma chemotherapy has been selected as the application field where the 

research is performed in close collaboration with oncologists.  

 
 

Figure 8. Lymphoma Chemotherapy Treatment Template 

 

Already in current practice, narrative oncology guidelines are authored and maintained on 

regional and national level as the basis for daily practice. Treatment data are routinely collected 

and reported into quality registries for research and quality assurance. So there is clearly a 

constant flow of information and knowledge between practise, research and quality management 

around EHRs. However most of the activities in these processes are done manually, thus time-

consuming and error-prone. Moreover, due to the lack of IT support the feedback loop takes too 

long which means latest evidence are not applied in daily practice and latest treatment data are 

not utilized in research in order to update guidelines. Based on the clinical requirements, we 

recognize the need for computer-interpretable guideline representation format in this study and 

surveyed previous work on guideline representation formats. But none of the existing model 

appears to meet our requirement mainly due to two reasons: 1) lack of integration with EHR; 2) 

limited support for authoring and maintaining guidelines by clinicians themselves. The 

bottleneck between EHR systems and Guideline systems is a well-known issue in the guideline 

community.  
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Listing 1. Example of rule for dose reduction  

// if-then pseudo syntax 

if (neutrophils >=0.2 and neutrophils < 0.5) or (thrombocytes >= 50 and thrombocytes < 

75) 

      then give body surface area * 50 * 0.75 

 

// same rule in CLIPS syntax 

(defrule doxorubicin-actual-dose1 

    (or (last-neutrophil-value ?n&:(and (>= ?n 0.2)(< ?n 0.5))) 

        (last-thrombocyte-value ?t&:(and (>= ?t 50) (< ?t 75)))) 

    (doxorubicin-nominal-dose ?nd) 

    => 

    (assert (doxorubicin-dose (bind ?d (* 0.75 ?nd)))) 

    (template-engine.set doxorubicin-dose ?d)) ; external call fills correct template slot 

 
Listing 2. Sample query “last-neutrophil-value” used by rules 

SELECT 

o/data/events[at0002]/data/items[at0014]/items[at0015]/value 

FROM 

Ehr [uid=$ehrUid] CONTAINS Composition c CONTAINS Observation 

o[openEHR-EHR-OBSERVATION.full_blood_count.v1] 

WHERE 

o/protocol/items[at0029]/items[at0030]/value/value > $lastTreatmentTime 

 

 

A novel way of representing clinical guideline based on openEHR archetype approach and 

decision support rules is proposed. The data structure and terminology bindings from archetypes 

can facilitate querying fine-grained EHR data elements for triggering decision support rules. On 

template level (Figure 8), guideline specific data can be expressed and shared and later used as 

basis for guideline compliance checking.  

 

Representing guideline structure and details using archetypes and template means both easier 

integration with EHRs and possibility of high level reuse of existing clinical archetypes as 

building blocks of guidelines. The increased reusability will likely reduce the initial effort for 

authoring guidelines as well as the effort for guideline maintenance over time. As demonstrated 

in our study, more than 10 generic archetypes, e.g. lab investigation and medication, are reused 

to represent a chemotherapy guideline. Representing guideline components in the form of 

archetypes and templates also means clinicians could use the same authoring tools for 

maintaining their EHR content models and guidelines.  

 

In this study, guideline logic is expressed as rules in CLIPS format (Listing 1). The reasoning is 

that the guideline logic does not have to use any special syntax developed for clinical guideline 

representation model. As long as the rules are insulated from the details of accessing the EHRs, 

any established generic rule formalism would suffice. This choice seems to contribute to the 
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availability of runtime environment and authoring tools for rules. EHR queries in EQL syntax 

[58] are used to find fine-grained data elements in EHR for triggering rules (Listing 2). 

 

5.5    Paper V - Modeling shared care plans using CONTsys and openEHR to 
support shared homecare of elderly 
In the last paper of the thesis, a model of expressing shared care plan using openEHR and 

CONTsys was explored using the requirements from an elderly home-care setting.  

 

 

 

Figure 9 – The OLD@HOME shared care plan expressed according to the openEHR RM 

The EHR entry classes of openEHR RM are used as basic structural components of the care plan 

(Figure 9). Thus archetypes are used as building blocks for detailed and fully structured care 

plans. The high level care plan structure is based on the CONTsys standard [54] because 

currently there is no “care plan” class in the openEHR RM. The approach of a logic care plan 

structure with care plan components represented in the form of openEHR RM in accordance with 

CONTsys is to our knowledge novel. Both archetype-based guideline representation and 

archetype-based care plans are generic designs and built upon archetype-based interoperable 

EHR framework. 

 

5.6    Other related publications 
In the context of this thesis, other aspects of EHR semantic interoperability have been explored 

by the author in various co-operations in addition to the main objectives and papers of this thesis. 

 

In the study by Garde et al "Archetype-based knowledge management for semantic 

interoperability of electronic health records" we describe a broad strategy for archetype based 

interoperability. This is a further development of the conclusions presented at the Medinfo 2007 

conference paper by Garde et al. " Towards sustainability of health information systems: how 
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can we define, measure and achieve it?" 

 

In order to achieve archetype-based semantic interoperability, implementations of archetype 

formalism need to be validated. In the study by Chen et al "An archetype-based testing 

framework" we proposed a design of an archetype-based platform-independent testing 

framework for validating implementations of the openEHR archetype formalism as a means of 

improving quality and interoperability of EHRs.     

     

As described in the background section of this thesis, semantic interoperability depends on the 

availability of clinical terminologies for detailed content appropriately bound to an archetype for 

context. The author was working from 2001 in a project to evaluate the then newly released 

SNOMED CT for use in Sweden. The conclusions earlier published only in Swedish preceded 

the Swedish government decision to join the IHTSDO in 2007. My work in this project also 

included the development of a terminology server and translation system, recently published in 

English in the paper by Klein GO and Chen R. "Translation of SNOMED CT – Strategies and 

Description of a Pilot Project".  

 

Finally, interoperability of data is not enough for effective use of EHRs. I was co-operating with 

other members of the Linköping group in the study by Sundvall et al. "Graphical overview and 

navigation of electronic health records in a prototyping environment using Google Earth and 

openEHR archetypes".  
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6    DISCUSSION 

 

6.1    Choice of methods and limitations 
The primary goal of this thesis is to investigate the feasibility of an interoperable EHR 

framework that could support not only clinical practices but also research, quality assurance, 

education and other important secondary uses of EHRs. In order to verify that the proposed 

interoperable EHR framework actually meets the requirements, several important use cases were 

tested in individual projects. These use cases are clinical guideline representation for decision 

support, modelling detailed care plans for shared care, archetype-based representation of legacy 

EHR content models and readiness of archetype support in legacy EHR systems.  

 

The results from these investigations serve as early evidence of the usefulness of the proposed 

archetype-based interoperable EHR framework. The beginning of this thesis has been devoted to 

identification of the original requirement and evaluating alternative solutions. Once the candidate 

EHR framework has been identified, considerable efforts have been contributed directly to the 

validation, further improvement and availability of the design specifications in the context of 

openEHR. This approach strengthened the author’s understanding of the practical constraints of 

standards and possible contributions of open source software in the quest for semantic 

interoperability. To summarize, the relatively wide scope of the thesis work is the result of a 

desire to explore an interoperable EHR framework instead of any specific sub area, e.g. guideline 

representation or shared care plans.  

 

One limitation of the thesis is that the choice to work with openEHR archetypes in the early 

phase of the project has determined that the following investigations are performed based on 

openEHR archetype formalism. An alternative could have been exploring several alternatives, 

e.g. openEHR archetypes and HL7 CDA2 in parallel and comparing them. This choice of using 

one formalism instead of several formalisms for the investigation was based on the practical 

constraint associated with this research and the wish to have sufficient depth in the investigations 

in different use cases with one formalism. The comparison of several competing formalisms in 

one specific use case could be an interesting investigation in future studies.   

 

Another limitation of this thesis is the lack of evaluation. Although developed in close 

cooperation with clinicians and international researchers, none of the proposed artefacts have 

been tested and evaluated in large scale implementations against any set of formal evaluation 

criteria. 

 

Although terminology systems and ontologies are not in the scope of this thesis, it is recognized 

that the ability to process EHR information and to perform intelligent secondary use of EHR is 

dependent on the quality of the terminology content and the way terminology is bond to record 

structures. The author is also aware of the dilemma on the boundary problem between EHR 

information models and terminologies. Some of these will have profound impact on how 

archetypes are designed and maintained. Again these topics are not formally included in the 

scope of this thesis for practical reasons. 
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The rationale for building on the results from the work of CEN and openEHR as well as the 

approach of open source software development could be discussed. The openEHR foundation is 

a not-for-profit foundation established to promote EHR interoperability through open source 

design specifications, open source software implementations as well as clinical engagement [59]. 

The openEHR foundation is not an official standardization body but its members are involved in 

various international standardization activities, often with a leading role. In this way the research 

results from the foundation are fed into the formal standardization process. However, in many 

ways the openEHR specifications are steps ahead of the formal standards and have offered 

important opportunities to test design ideas in parallel pilot implementations.  

 

Regarding the specification itself, the openEHR archetype formalism makes it possible to 

express clinical content models in unambiguous representation interpretable by machine. Its 

close relationship to the EN/ISO 13606 is an advantage very welcome in Sweden since the 

archetype approach has been chosen by the Swedish authorities as the standard for EHR 

communication [60]. In the recently published report from the European Commission sponsored 

research project SemanticHealth [33], openEHR and archetypes are listed as parts of the 

recommended approach to achieve semantic interoperability. 

 
Open source software has an important role in this thesis. On the one hand, many open source 

software components and frameworks are directly used by software implementation in order to 

investigate research questions. Both general purpose software like Redhat JBoss Application 

Server
8
 and Apache Maven project management tool

9
, and software exclusive in relation to 

archetypes, like the archetype editors from Ocean Informatics
10

 and Linköping University
11

 are 

useful examples. On the other hand, the author himself is engaged directly in the open source 

software development through his leading work at the openEHR Java reference implementation 

project. The open source java implementation benefits the thesis directly in that most of the 

investigations use the software components from the openEHR java project. Perhaps difficult to 

quantify is to what degree, the synergy fostered by the openness of the java components has in 

any way contributed to the overall improved interoperability through direct availability of the 

software implementation at no cost, its educational purpose, the continuous improvement of the 

design specifications and further progress of tooling. 

 

6.2    Discussion of results in relation to aims and research frontline 
Throughout the work of this thesis, it has been driven by real-life projects with a focus on 

practical benefits and clinical relevance. There are specific areas that are worthwhile to discuss 

here. Compared with traditional EHR development, archetype-based EHR development is a 

paradigm shift and requires new ways of working with the EHR. Some of these new ways of 

working that are relevant to this thesis will be briefly discussed below. 

 

                                                 
8
 https://www.jboss.org 

9
 http://maven.apache.org/ 

10
 https://wiki.oceaninformatics.com/confluence/display/TTL/Archetype+Editor+Releases 

11
 http://www.imt.liu.se/mi/ehr/tools/ 

https://www.jboss.org/
http://maven.apache.org/
https://wiki.oceaninformatics.com/confluence/display/TTL/Archetype+Editor+Releases
http://www.imt.liu.se/mi/ehr/tools/
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6.2.1    EHR Reference Models and Standards 
In order to express clinical meaning consistently across heterogeneous EHR systems, three layers 

of standard artefacts are needed: generic EHR reference models, clinical content models and 

terminology systems [33]. The current consensus in the EHR community recommends ISO/EN 

13606 Part 1, openEHR Reference Model or HL7 CDA Release 2 for generic EHR reference 

models. Both ISO/EN 13606 and openEHR use the archetype formalism to represent clinical 

content models while HL7 CDA2 uses HL7 template formalism, which is different from the 

openEHR archetype formalism.  

 

The choice of the EHR reference model determines how clinical content models are expressed. 

The usefulness of openEHR archetypes in clinical content modelling has been confirmed in a 

pilot project performed by the NHS England [61]. It was perceived in the same study that 

reviewing content models in archetypes is generally easier than reviewing equivalent semantics 

in HL7 V3 format.  

 

In a clinical content modelling project performed in Scotland, openEHR archetypes and 

templates were considered “good fit” [62] even though a simple XML mark-up was used due to 

uncertainty over standards. Another NHS England investigation found that a bidirectional 

transformation of clinical model content between HL7 CDA and EN/ISO 13606 formalisms is 

only feasible if certain modelling constraints are applied [63]. It was also recommended that a 

single interoperability framework is adopted using one set of data types and reference model. 

Currently in-depth studies comparing openEHR/13606 archetypes and HL7 templates for clinical 

content modelling are quite limited.  

 

6.2.2    Clinical Content Modelling and Governance 
When an EHR reference model is chosen, detailed clinical content models can be authored and 

expressed in the form of clinical archetypes and templates. Clinicians must be engaged in the 

process of content modelling since they have the first-hand knowledge. Because of standard-

based archetype formalism and freely available archetype authoring tools, it becomes possible to 

engage clinicians from wide communities around the world. What was previously proprietary 

EHR software way of setting clinical content has started to become an international 

collaboration. The degree of sharing and collaboration will be decided by each clinical 

community because the archetype formalism itself does not impose any limitation here. The goal 

is of course to collaborate in the content model authoring in order to share knowledge on the best 

practice in what information is required for different purposes and also to allow data created with 

these models to be exchanged. Once content models are created, they need to be properly 

reviewed, released and version managed almost the same way as how software artefacts are 

change managed.  
 
To facilitate content modelling and encourage reuse and collaboration, proper authoring and 

review processes must be in place. This requires domain knowledge governance [64] as 

exemplified by the openEHR Clinical Knowledge Manager (CKM) (Figure 10), by which 

clinicians and informatics specialists from different geographic locations can join collaborative 

online archetypes authoring and reviewing processes. Clinical content models in the form of 

archetypes are indexed according to underlying reference model classes and easily navigated to 

facilitate discovery and reuse. Archetypes can be uploaded, reviewed and released in a fully 
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version controlled environment. Besides clinical reviewing of the content, archetypes are also 

technically validated against the underlying reference and archetype models for consistency. 

Similar governance environment exists in part in the current EHR systems, e.g. the Julius 

template system and Cosmic EHR applications. However the openEHR CKM is gathering much 

more attention and expertise from across the globe since its artefacts are based on standard EHR 

content models. In order to establish best practice guidelines for clinical content governance, 

more studies investigating different approaches and tooling will be needed. 

 

 

 
 

Figure10. The openEHR Clinical Knowledge Management for clinical content governance 
 

 

6.2.3    EHR Templates 
The openEHR template is a new type of artefact that is still in the form of a draft design for trial 

use. It has been used in paper IV in this thesis. The original intention of openEHR template is to 

facilitate local use of archetypes. Templates are intended to facilitate local adaptations through 

composition and specialisation of generic archetypes. User interface forms and communication 

messages can be generated based on template definitions. The choice of specific natural language 
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and reference terminologies can be defined on the template level. The openEHR Templates are 

based on the archetype formalism and they are also machine-interpretable just as archetypes.  

 

As one of the contributions of this thesis, the use of openEHR templates were extended to 

represent detailed data elements of a guideline, in this case for lymphoma chemotherapy with a 

full medication regimen of cytostatic drugs. Representing guideline data elements using 

archetypes and templates seems to have several advantages compared to specific guideline 

representation model-based approaches. First of all, existing archetypes, like medication and lab 

requests are reused to build the structure of the guideline to facilitate querying. Secondly the data 

specifics on the template level can be shared and interpreted by machine. Not only does this 

facilitates the use of guideline data directly in the EHR, e.g. as part of order entry application, 

but it also make it possible to perform guideline compliance checking since essentially such 

checking is like validating a reference model instance against an archetype definition. Moreover, 

guideline data expressed in the template can be authored, reviewed and modified using same 

authoring tools and knowledge management environment built for EHR content models. 

 

Because of historical deployments of template-based EHR systems, e.g. the Julius 

complementary EHR system and the Cambio COSMIC Care Documentation Application in 

Swedish healthcare, the migration from legacy template-based EHR systems to openEHR 

template based system seems possible and important. The building blocks of the Julius templates 

and Cosmic templates are “variable” definitions (Figure 11) and Cosmic “keyword” (Figure 12) 

definitions respectively. Both Julius “variables” and Cosmic “keywords” are distinctive record 

structures and meant to be reusable. Generally speaking, archetypes, the building blocks of 

openEHR templates, are semantically more expressive and more aligned with international 

standards. The move to openEHR template-based EHR from legacy template systems seems 

logical. It will not only result in more advanced EHR applications but also make it possible to 

utilize standard clinical content models from public knowledge repositories. More experiments 

on migration strategies from legacy to openEHR-based template systems will be appreciated. 

 

 

 

    
 

Figure 11. Julius Term (Variable) and Template Classes 
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Figure 12. Cosmic Care Documentation Class Diagram 

 

 

6.2.4    EHR Queries 
Another area that is relatively unexplored but crucial to enable clinical decision support is the 

ability to query fine-grained data elements in EHR. Clinical alerts, steps in a clinical pathway or 

a dose adjustment rule required by a guideline would need to know specific data values in the 

EHR in order to proceed. Historically this is a well-known bottleneck to integrate CDSS with 

EHR systems [9-12]. With a standard EHR reference model and commonly agreed clinical 

archetypes, it becomes possible to develop EHR queries that are independent of any physical 

implementation of the EHR system. Theoretically, if a standard EHR reference model and a 

generic query capability are implemented consistently in different EHR systems, distributed 

decision support systems would be possible. This is yet to be proven but a rigorous technical 

validation framework [65] for archetype formalism implementation would be required. 

 

6.2.5    Clinical guidelines and care plans 
It was estimated that evidence from large clinical trials takes in average 17 years to reach clinical 

practice [24] and is applied unevenly when in use. CDS is perceived as an effective tool to 

deliver evidence-based care. It is recognized that lack of EHR integration is a major hindrance to 

adopt CDS among clinicians [66], which is why one of the objectives of this thesis is to explore 

guideline support in EHR system for evidence based care.  

 

There are close relationships between evidence-based practice guidelines, individualized care 

plans, and clinical documentation as the result of care plan execution. In a simplistic view, a 

guideline is a generalization of some kind of treatment, a care plan is a specialised case of the 

guideline determined by specific conditions of a given patient and the documentation consists of 
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instances of information of what has happened during care process. This path from general to 

specific to instances relationship is the foundation of guideline compliance checking. Different 

kinds of compliance checking could be performed for different purposes. Care plan checking 

against a guideline could reveal if the planned treatment is based on evidence. However it is 

worth noting that a deviation from a guideline might be due to personal preference of the patient 

or a situation that is not currently covered by the evidence. Treatment checking against care 

plans can tell how faithfully the care plan is followed in reality. In the end, the treatment 

compliance checking against the guideline could indicate if the treatment is really following the 

current evidence.  

 

Using a single EHR reference model as the basis to represent information instances, detailed care 

plans and finally clinical guidelines seems to be logical based on this analysis. The same 

archetype formalism could be used to constraint reference models to represent clinical guidelines 

and different templates of care plans. Clinical content models in the form of archetypes and 

templates could be used as building blocks for guideline and care plans. This reuse of models has 

the potential to simplify authoring tasks and to make maintenance easier by using similar 

authoring tools and governance environment. The experience on this is very limited today so it 

remains to be explored and tested in clinical reality. 

 

  

6.3    Implications, impact and relevance    
This thesis has drawn upon results from other research on parallel tracks including but not 

limited to biomedical ontologies and terminology systems, terminology bindings between 

terminologies and information models, EHR navigation and overview, guideline representation 

and clinical decision support, EHRs requirement and standards and transformability between 

different EHR standard formats. 

 

The clinical implications of this thesis could be improved quality of care and reduced clinical 

risks due to increased adherence to evidence-based guidelines at clinical practice through CDSS 

integrated within EHRs. Application areas are likely to be where the gaps between evidence and 

practices are widest and patient safety is at biggest risk. Because of improved interoperability in 

general, research could be advanced further and more evidence could be discovered, which in 

turn will improve the quality of care. 

 

The state-of-art research in this field has been summarized in the final report from the 

SemanticHealth project sponsored by the European Commission [33]. This thesis in some way 

contributed indirectly to the SemanticHealth project through another European Framework 6 

Research project, SemanticMining where the author and prominent members of SemanticHealth 

were also involved. In fact, much of the openEHR archetype formalism development and its 

related research activities were developed in the context of SemanticMining [57, 65]. 

 

A specific contribution from this thesis is the novel way of guideline representation using 

archetypes and generic rules. It emphasizes the main objective of this research, which is to 

facilitate both information and knowledge management within EHRs. Because of using an 

interoperable EHR formalism as the representation format for the guidelines, it has the potential 

to close the loop between clinical practice, research and education. It highlights the need to 
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advance semantic interoperability in order to support evidence-based medicine. This does echo 

the recommendations from SemanticHealth recognizing that it will take a very long time to 

achieve full semantic interoperability in healthcare and that future research should be directed 

towards areas where patient safety is at biggest risk and the gap between practice and evidence is 

widest. 

 
This thesis has a special relevance to the ongoing Swedish national IT projects, in which the 

archetype-based interoperable framework is used. The results from this thesis can serve as 

valuable inputs to the national projects. On the regional level, the exploration on the template-

based EHRs will have a practical impact on the clinical users. Clinical content models in the 

legacy EHR format can be preserved using the standard archetype format. When archetypes are 

gradually supported by the local EHR systems, e.g. Cambio COSMIC EHR system, clinical 

content models from public repositories and national projects can be directly used. Moreover, 

EHR templates can be used to disseminate evidence-based practice guidelines. 
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7    CONCLUSIONS AND FUTURE DIRECTIONS 
 

Striving towards interoperable information and knowledge within EHRs, this thesis has 

contributed to the validation and further improvement of the openEHR archetype methodology - 

a formalism underpinning an interoperable EHR framework, through open source software 

implementation. A novel way of representing clinical guidelines using interoperable EHR 

standards and generic rules has been proposed. The archetype-based guideline representation 

model can facilitate the use of evidence at clinical practice through integrating rule-based 

knowledge modules with EHRs. A strategy for gradual adoption of archetype formalism in 

legacy EHRs has been formulated. Finally, complementary aspects of the two standards 

CONTsys and openEHR are explored in the context of shared care plans. 

 

The proposed interoperable EHR framework needs to be applied in different clinical settings, e.g. 

chronic disease management, for further validation and improvement. Process support within 

such an interoperable EHR framework needs to be investigated in order to support complex 

guidelines. Regarding representing guidelines using archetypes, it is necessary to validate the 

design with guidelines from clinical specialities other than oncology. Clinical decision support 

and guideline compliance checking using the same guideline representation are being planned as 

continuation of this research. Further long-term evaluation studies on the impact of different 

standardized information models on quality and safety of care will obviously also be needed. 
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