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ABSTRACT 

Integrated care and the achievement of high quality 

healthcare over institutional borders require technical 

and semantic interoperability between different 

healthcare providers. Thus, a meta model was devel-

oped, based on the application of a system conformant 

to Integrating the Healthcare Enterprise (IHE) and the 

use of Clinical Document Architecture (CDA) as docu-

ment format. This meta model combines the properties 

of several health information systems and different 

health service domains (HSD).  

 For each HSD, a model can be derived, which de-

scribes used IHE profiles, available document types to 

the point of coding systems used in exchanged docu-

ments. Thus, it provides information about the domain, 

workflows, patient etc., which are used for the trans-

formation into another domain. Using this model trans-

formation, HSD models may be compared, checked and 

completed, where applicable. The results can then in 

turn be applied to the CDA documents. Thus, it helps to 

improve the communication among healthcare institu-

tions.  

The evaluation of developed models and transfor-

mations is conducted using genuine healthcare data, 

provided by e-Care, an IHE-conformant system for ex-

change of healthcare data between several healthcare 

providers. 
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1. THE CHALLENGE OF HEALTHCARE DA-

TA EXCHANGE 

Efficient data exchange between healthcare providers is 

the cornerstone of integrated healthcare (Arrow et al. 

2009). To achieve a high quality of healthcare over in-

stitutional borders, it is important to regard which activ-

ities and examinations have already taken place and in 

which quality they were conducted. Therefore it is nec-

essary for healthcare providers to document in such a 

way that access to documented information as well as a 

comparison and an integration of the data into other sys-

tems is also possible for other providers.  

This is a big challenge as the project e-Care, where 

several healthcare providers were connected, has shown 

(Franz et al. 2009a). The most demanding factors are:  

 

 various electronic health information systems, 

 different domain languages and understanding, 

 special processes and workflows in various or-

ganizations, 

 varying documentation with different goals, 

 varying structures in documentation, 

 different designations and 

 little to no use of coding systems. 

 

Thus, the challenge is the successful combination 

of technologies and information models in integrated 

healthcare. Part of this can be met by relying on Inte-

grating the Healthcare Enterprise (IHE). The worldwide 

initiative IHE aims to optimize the interoperability of 

IT-Systems in medicine and healthcare, using interna-

tional standards, cf., e.g., (HL7 2010a). IHE provides 

several so-called integration profiles which define use 

cases and suggest technical solutions (IHE 2010a).  

One IHE profile suggests the use of Clinical Doc-

ument Architecture (CDA) as a uniform format for the 

exchange of clinical documents (IHE 2010c). Therefore, 

current national and international projects like e-Care, 

ELGA (ELGA 2010), VHitG (VHitG 2007) and epSOS 

(epSOS 2010) boost the use of fully structured or at 

least semi-structured healthcare data in form of HL7 V3 

CDA-documents. But as long as there are no strict re-

quirements for system providers to provide their data in 

highly granular structures, loads of unstructured data 

will always exist which cannot be interpreted unambig-

uously (Wozak et al. 2008).  

Since uniform semantic standards are only used 

rudimentarily in these documents (as described above) 

it is seldom possible to directly compare, check (on 

plausibility, correctness and completeness) or integrate 

document content. Such an integration is only possible 

in consideration of semantics and domain specific dif-

ferences. Using semantic and technical interoperability 

in various health service domains, documented infor-

mation has to be homogenized in a way that an access 

to structured as well as unstructured information, con-

sistent with a certain context, is possible. Such a 

knowledge transfer over institutions demands a clear 

and structured language (Perhab 2007) and particularly 

interoperability. 
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2. TECHNICAL AND SEMANTIC INTEROP-

ERABILITY 

National as well as international initiatives for infor-

mation integration in healthcare aim at the increase of 

interoperability of information systems and at minimiz-

ing integration efforts (Norgall 2003; Sunyaev et al. 

2008). The term interoperability denotes the ability of 

systems for collaboration. Technical interoperability 

indicates the interaction of technical components and 

systems (Heitmann und Gobrecht 2009). To achieve in-

teroperability of healthcare systems, IHE and also Con-

tinua Health Alliance (CHA 2010a) provide efficient 

methods and standards.  

 Semantic interoperability, on the contrary, denotes 

the interpretation of data, while preserving the intended 

meaning. It can be achieved using common information 

models and uniform terminology, thus enabling cross-

community interpretation, processing and storage. Be-

sides technical standards, an agreement is essential, how 

medical and domain specific terminology is used. Nev-

ertheless, maintenance as well as further development 

and optimization of the terminologies and their structur-

al elements should not be underestimated (Heitmann 

und Gobrecht 2009).  

Domain specific terminology has to be used unam-

biguously to prohibit misunderstandings and to improve 

collaboration. Only this way semantic interoperability 

can be achieved (at least partially) in one domain as 

well as across several domains.  

 

2.1. IHE Integration Profiles 

The use of IHE, conformance to IHE integration pro-

files and adherence to suggested standards are one way 

towards smooth integration (IHE 2010b). Four of the 

most important integration profiles, which enable in-

teroperability, are: 

 

 Patient Identifier Cross-Referencing (PIX) 

supports the unique identification of patients 

with different patient identities in several do-

mains. For this purpose, patient data are sent 

from a source to a Patient Identifier Cross-

Reference Manager (IHE 2010a). 

 Patient Demographic Query (PDQ) defines a 

central patient register, which allows distribut-

ed applications to query demographic and 

case-related patient information (IHE 2010a). 

 Cross Enterprise Document Sharing (XDS) 

supports the patient care of several healthcare 

providers by allowing registration, distribution 

and access of documents referring to one pa-

tient. XDS is content neutral, i.e. it supports 

different types of documents, independent of 

their content or format (IHE 2010a), although 

other profiles force the use of certain standards 

for documents. 

 Cross Enterprise Document Workflow (XDW) 

focuses on the management of cross-enterprise 

healthcare workflows using a specific work-

flow document that references all documents 

related to a clinical workflow and manages 

changes in document states (Zalunardo and 

Cocchiglia 2011). 

 Patient Care Coordination (PCC) describes 

the cross-enterprise sharing of medical sum-

maries and personal health records (IHE 

2010c). 

 

2.2. Health Level Seven 

IT standards, as suggested by IHE integration profiles, 

are required for data exchange between different infor-

mation systems. In healthcare, the most important 

standards, besides Digital Imaging and Communica-

tions in Medicine (DICOM) for the exchange of images, 

are Health Level Seven (HL7) with Version 2 and 3 as 

well as CDA, which allow the exchange of information 

like documents and messages. 

HL7 standards have been specifically developed 

for the health sector. They define the exchange of mes-

sages, document based communications as well as co-

operating services, their implementation and necessary 

infrastructural services (HL7 2010a). Two important 

HL7 types for this work are: 

 

 HL7 Version 2, which is primarily used in hos-

pitals for message exchange between well-

established systems, 

 HL7 Version 3, which is based on the Refer-

ence Information Model (RIM, c.f. Fig.1) and 

on the Extended Markup Language (XML) and 

is used for trans-sectorial message exchange in 

the entire health sector. 

 

 
Figure 1: Core classes of the RIM 

 

The formal computational exchange format for HL7 ar-

tefacts is defined by the Model Interchange Format 

(MIF), which is a part of the HL7 Version 3 methodol-

ogy documentation (McKenzie et al. 2011). To repre-

sent the information content required to support a par-

ticular domain within HL7 and thus provide interopera-

bility for a specific domain, a Domain Information 

Model (DIM) can be derived from the RIM.  

The RIM is a generic healthcare specific infor-

mation model. Figure 1 shows a part of the HL7 RIM, 

i.e. the four core classes and the two most important ad-

ditional classes of the model:   

 

 Act: e.g. an observation or treatment,  

 Entity: e.g. a person,  

 Role: e.g. author, 

 Participation: relationship between act and 

role, e.g. a doctor performs a treatment, 

 ActRelationship: relationship between acts, e.g. 

a diagnosis results from an observation, 
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 RoleLink: relationship between roles, e.g. or-

ganizational hierarchy. 

 

The goal of HL7 Version 3 is the development of a 

uniform understanding of objects and processes in the 

healthcare environment. The use of RIM provides speci-

fications to structure, type, content as well as semantics, 

used vocabulary and underlying processes necessary for 

data transfer and interoperability. 

Besides the exchange of messages, HL7 Version 3 

also provides CDA as specification for the structure, 

content and exchange of clinical documentation. CDA 

is based on the RIM and defines the structure and con-

tent of medical documents using XML. A CDA docu-

ment consists of a structured header and a structured or 

unstructured body. The header contains information 

about the document, patient, patient encounter, partici-

pants and relations to other documents, guidelines or 

templates. The body contains the actual content of the 

document. 

As already mentioned in section 1, CDA is exerted 

in several developments and projects, e.g. the European 

project epSOS, where it is the specified document for-

mat. These projects and developments specify CDA 

guidelines, which describe the underlying models and 

therefore the structure and parts of the semantic of the 

documents and their content. Connections between clas-

ses and attributes in the model are shown and possible 

restrictions on the CDA schema (XML schema) specifi-

cations are detailed. Partial structures of the CDA which 

are defined as CDA templates can be identified over a 

template ID. 

CDA templates are predefined models which sim-

ulate the structure of documents or parts thereof and of 

data elements. Other guidelines are partially based on 

existing templates, which are referenced. Using the 

template OID in CDA documents, an automatic tech-

nical conformity-check against guidelines is possible. 

Examples for templates which are often referenced are 

Continuity of Care Document (CCD) and parts of the 

IHE profile PCC. 

 

2.3. Use of Code Systems 

The unambiguous use of domain specific terminology is 

a means towards semantic interoperability. In the health 

sector, different code systems are used, which provide a 

uniform definition of terminology (Heitmann und 

Gobrecht 2009). Examples for such code systems are: 

 

 International Statistical Classification of Dis-

eases and Related Health Problems (ICD), 

 Logical Observation Identifier Names and 

Codes (LOINC),  

 Systematized Nomenclature of Medicine – 

Clinical Terms (SNOMED-CT), 

 International Classification of Functioning, 

Disability and Health (ICF),  

 Medical Dictionary for Regulatory Activities 

(MedDRA),  

 Nationality and language codes (ISO tables),  

 Unified Code for Units of Measure (UCUM). 

 

Since such code systems are not always used and fully 

structured information can therefore rarely be provided, 

unstructured and only partly structured (semi-

structured) information have to be taken into account. 

Therefore, the various types of information have to be 

connected to provide semantic interoperability, which is 

necessary for comparing and checking structured as 

well as semi-structured data. 

Current research like (Kilic und Dogac 2009; 

Bointner und Duftschmid 2008; Rinner und Duftschmid 

2009) only consider finely structured CDA data, where-

as other work in this research area like (Spat et al. 2007; 

Faulstich et al. 2008) are limited to fully unstructured 

free text documents. Also, the comparison of models in 

one domain has already been successful, as described in 

(Franz et al. 2009b). However, preserving semantic in-

teroperability is required not only in one domain, but 

across several domains. 

 

3. A MODEL BASED APPROACH USING IHE 

AND CDA DATA 

Our approach presented in this paper can be used for 

structured data as well as free text and semi-structured 

information in form of CDA documents which are ex-

changed across several domains.  

 Based on the application of an IHE conformant sys-

tem and the use of CDA as document format a meta 

model has been developed which combines the proper-

ties of several health information systems and different 

health service domains (HSD). The HSD meta model 

contains information about IHE profiles, for example 

which meta data are available about documents and pa-

tients etc. HSD models are derived from this meta mod-

el. 

 A HSD model describes which metadata is actually 

available in the domain, e.g. which IHE profiles are 

used, which document types are available, how CDA 

documents are structured to the point of which coding 

systems are used in the exchanged documents. Thus, we 

have information about the domains, workflows, patient 

etc., which are used for the transformation into another 

domain. 

 Derived domain models build the foundation for a 

transformation between different models and for the 

cross-domain integration of healthcare data. They can 

be compared, checked and completed, where applicable. 

The results can then in turn be applied to the CDA doc-

uments. 

 

3.1. Analysis 

In the analysis process the systems and healthcare 

service environments which are considered were identi-

fied and it was defined how to use the relations between 

these systems and domains. Furthermore, information 

for detailing the domain models like coding systems 

and similarities in the structure of CDA documents is 

recorded, to set the semantics into context using a do-

main specific description.  
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 To achieve this, an analysis of domain knowledge, 

for example about the processes and terminology of a 

specific healthcare domain, was necessary and forms 

the basis for adequate methods and techniques for the 

model transformation. During a hospital stay, for exam-

ple, various (CDA) documents are produced (diagnoses, 

medical summaries, care summaries, operation re-

ports,…). Analyzed IHE profiles provide metadata 

about these documents as well as detailed patient data, 

metadata about organizations, domains and workflow 

information.  

 Health service domains, inductive connections and 

especially national and international CDA guidelines 

were reviewed and checked for similarities, for example 

Patient Summary (epSOS), Austrian nursing care sum-

mary (ELGA) and the Continuity of Care Document 

(CCD). In all analyzed guidelines, CDA bodies are to 

be structured at least into sections. What stands out is 

that the CDA body sections as well as their content in 

CDA body sections are coded differently (for example 

LOINC-codes vs. national codes), even if containing 

equal information. Besides the use of HL7 vocabulary 

in the CDA header for certain data like gender, marital 

status and religious affiliation, suggested coding sys-

tems vary in general.  

 

3.2. Modeling 

The modeling process is based on the analysis results: 

Domain specific properties of the health service envi-

ronments are represented in form of a meta model 

(Kühne 2006), which is – in this case – an abstraction of 

domain specific models. A domain is in this context a 

health service environment, which comes with a par-

ticular semantic, i.e. with particular terminology. 

Each domain provides specific information which 

is taken into account when deriving a specific health 

service environment model for a domain. Since the HL7 

DIM covers only structured data and requires a detailed 

definition of processes and data in each domain, build-

ing or deriving an explicit DIM from the RIM is not 

sufficient for practical use in this case. Experience 

shows that use of terminology and coding systems, 

which would provide detailed and unambiguous defini-

tions, is only rudimentarily implemented in current 

practice.  

Therefore, more information has to be taken into 

account and an extended meta model is built in which 

specifications are embedded like terminology-, coding 

systems, guidelines, templates, standards and IHE pro-

files. This results in the use of not only detailed but also 

rough definitions as domain specific constraints for de-

riving health service environment models (c.f. Fig.2), 

e.g.  

 which IHE profiles are applied, 

 which standards are implemented, 

 which guidelines and templates systems, doc-

uments etc. are in conformance with, and 

 which terminology and coding systems are 

used. 

 

 
Figure 2: Modeling approach 

 

Using the structure of CDA documents based on 

the RIM and document metadata provided by a system 

conformant to IHE recommendations, health service 

domain models for structured, non-structured and semi-

structured data are derived from a meta model.  

 

4. RESULTS AND EVALUATION 

The derived HSD models predict content of docu-

ments and their relations, based on the particular do-

main. A specific document of a certain domain de-

scribes observed properties. These properties, for exam-

ple, describe the occurrence of specific terms in a text 

or in a certain section in a CDA document, which can 

be deduced by a causal knowledge base.  

 

 
Figure 3: Model transformation 

 

These domain models may be compared, checked 

and completed, where applicable, by the use of model 

transformation. The results can then in turn be applied 

to the CDA documents (c.f. Fig. 3). Thus, it helps to in-

crease the availability of these documents and to im-

prove the communication among healthcare institutions.  

Due to known disadvantages of classic knowledge 

based systems (compare (Giarratano und Riley 2004)), 

the support of such a system using data driven technol-

ogies (Xu und Hou 2009) is focused. Additional tech-

nologies to describe the models and their properties, for 

example MIF, which is more complete than the XML 
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representation (McKenzie et al. 2011), and an ontology-

based approach combined with archetypes as suggested 

for example by (Duftschmid, Wrba and Rinner 2010), 

are tested.  

The evaluation of the developed models and trans-

formations is currently conducted using our e-Care sys-

tem. The e-Care system (cf. Fig. 4) is an IHE-

conformant platform for the exchange of healthcare data 

between several healthcare providers (Franz et. al 

2009a). It was developed from 2008 to 2010 and has 

been established since 2010 in an entire region in Upper 

Austria for the exchange of documents between two 

clinics, five mobile nursing services and six nursing 

homes. Therefore, we are able to analyze the practica-

bility of this research in a real-time environment using 

genuine healthcare data. 

 

 
Figure 4: e-Care: exchange between hospitals, nursing 

homes and mobile nursing services 

 

Especially the amount of semantic preservation in 

an IHE-conformant exchange of healthcare documents 

is analyzed and how feasible contents can be compared 

and checked for plausibility.  

As plausibility checks cannot be done automatical-

ly, the collaboration with users, i.e. healthcare provid-

ers, is necessary. We plan to develop further methods 

and tools to enable health professionals to describe the 

static and dynamic structure of their health service envi-

ronment and allow the mapping of one predefined do-

main into another by themselves. 

 

5. CONCLUSION AND OUTLOOK 

This research supports integrated care by enabling com-

parison, evaluation and completion of documents of 

various healthcare service environments. Thus, it helps 

to increase the availability of these documents and to 

improve the communication among healthcare institu-

tions. 

 The model transformation approach is not only 

based on HL7 CDA but also uses metadata provided by 

an IHE infrastructure, which provides more domain in-

formation. Therefore, semantic interoperability may be 

preserved for highly structured data as well as semi-

structured information across domains. 

 Since the model transformation may not always be 

automatically achieved, the knowledge of domain ex-

perts is necessary. Hence, a specific user interface has 

to be provided which enables healthcare providers on 

the one hand to manage the model transformation when 

necessary and on the other hand to work efficiently with 

model transformation results. 

 Over time, a large amount of documents is accumu-

lated in an IHE-conformant system, especially for mul-

timorbid patients. A next step might be to adapt the 

models so that they improve and refine themselves in a 

self-learning way using new documents for a patient. 

Thus, the interaction with domain experts during the 

transformation process could be reduced. 
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