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a b s t r a c t

Purpose: To develop a powerful archetype editing framework capable of handling multiple

reference models and oriented towards the semantic description and standardization of

legacy data.

Methods: The main prerequisite for implementing tools providing enhanced support for

archetypes is the clear specification of archetype semantics. We propose a formalization

of the definition section of archetypes based on types over tree-structured data. It covers

the specialization of archetypes, the relationship between reference models and archetypes

and conformance of data instances to archetypes.

Results: LinkEHR-Ed, a visual archetype editor based on the former formalization with

advanced processing capabilities that supports multiple reference models, the editing and

semantic validation of archetypes, the specification of mappings to data sources, and the

automatic generation of data transformation scripts, is developed.

Conclusions: LinkEHR-Ed is a useful tool for building, processing and validating archetypes

based on any reference model.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Health care is a sector where the need to share information is
the norm rather than the exception. However, the information
about the health of one person is usually scattered among all
the health facilities where he or she has ever been attended.
This leads to distributed- and heterogeneous data resources
and makes the exchange of data across systems very difficult.
This situation has created a large gap between the potential
and actual value of the information contents of health data
repositories.
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Due to the special sensitivity of health data and the wide
range of ethical and legal constraints, the exchange of data
must be done in a meaningful way, avoiding the possibility
of misunderstanding or misinterpretation. The faithful com-
munication and multiple usability of electronic health records
(EHR) crucially depend on the standardization of its syntax,
structure and semantics, i.e. on the standardization of the EHR
architecture and vocabulary used to communicate data [1].

Currently there are several international organizations
working on the definition of an EHR architecture [2,3]. Health
Level 7 (HL7) [4] maintains the XML-based clinical document
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architecture (CDA) [5] that specifies the structure and seman-
tics of clinical documents for exchange. The Technical
Committee 251 (health informatics) of the European Com-
mittee for Standardization (CEN/TC251) has completed a
European Standard for the communication of the EHR called
EN13606 [6] whose part 1 (reference model) [7] became an
ISO standard in February 2008. The openEHR consortium [8]
maintains architecture designed to support the constructions
of distributed, patient-centered, life-long, shared care health
records. Finally, ISO provides a set of clinical and technical
requirements for an EHR architecture that support using, shar-
ing and exchanging EHRs in the technical specification TS
18308:2004 [9].

OpenEHR and EN13606 utilize the dual model architecture
to describe the EHR structure. The dual model or two-level
methodology is a novel approach for the development of EHR
systems. It aims to overcome the disadvantages of traditional
“one-model” methodologies in which domain concepts are
hard-coded directly into database models and software, when
applied to complex and changing domains such as medicine.
As stated by Rector [10], medicine is not only big but also open
ended in breadth, depth and complexity. As a consequence
health information systems that follow these methodologies
need frequent, complex and expensive updates to accommo-
date new requirements which if not made, cause the systems
to suffer “creeping obsolescence” and as result becomes obso-
lete. The dual model methodology distinguishes a reference
model and archetypes [11]. In a broad sense, a reference model
is an abstract representation of the entities and relationships
of a domain which is designed to provide a basis for the devel-
opment of more concrete models and implementations. The
generality of the reference model is complemented by the
particularity of archetypes [12,13]. Archetypes are formal defi-
nitions of clinical concepts in the form of structured and con-
strained combinations of the entities of the reference model.

The work reported in this paper is part of a bigger project
called LinkEHR whose main objective is the utilization of the
dual model methodology for semantic integration and nor-
malization of health data. In LinkEHR we use archetypes to
describe the semantics of legacy health data in a manner inde-
pendent of the particular data organization in the underlying
data repositories. This will enable users (mainly health pro-
fessionals) to view and query data repositories at the level
of its relevant semantic concepts. In this paper we describe
the archetype editing framework of LinkEHR that includes a
formalization of the definition section of archetypes and an
archetype editor, called LinkEHR-Ed, which supports multiple
reference models. The remainder of this paper is organized
as follows. Section 2 provides an overview of the dual model
approach. Section 3 deals with the formalization of the defi-
nition section of archetypes. Section 4 describes LinkEHR-Ed,
a visual multi-reference model archetype editor based on the
proposed formalization. Finally, Section 5 discusses and con-
cludes the paper.

2. Background

The most remarkable feature of the dual model approach
is the complete separation of information models, such as

software models or database schemas, from domain mod-
els such as blood pressure measurement, discharge report,
prescription or microbiology result. The information model
is represented by a stable and small object oriented refer-
ence model that models the generic and stable properties of
health record information. Only this model is hard-coded in
database schemas or software. The possible numerous and
volatile domain concepts, represented as archetypes, are mod-
eled separately by domain specialists and their definitions are
maintained in a shared repository [14]. Since the software is
only bound to the reference model it has no direct dependency
on domain concepts. Therefore, when new concepts are intro-
duced or existing ones are altered the system does not need
to be updated.

Archetypes are formal definitions of a distinct domain-level
concept in the form of structured and constrained combi-
nations of reference model classes. Their principal purpose
is to provide a powerful, reusable and interoperable way of
managing the creation, description, validation and query of
EHRs. From a data point of view, archetypes are a means for
providing semantics to data instances that conform to some
reference model by assuring that data obey a particular struc-
ture and satisfy a set of constraints. The semantic description
of domain concepts is achieved by linking the data structures
and content to knowledge resources such as terminologies
and ontologies [15].

Only those classes of the reference model that define
logical building blocks of EHRs can be used to construct
archetypes, we call them business concepts. For instance
ISO/CEN EN13606 defines six business concepts, namely:
Folder, Composition, Section, Entry, Cluster and Element.
What is important here is that for each domain concept, a def-
inition can be developed in terms of constraints on structure,
types, values, and behaviors of business concepts. Archetypes
may be specialized: an archetype is considered a specializa-
tion of another archetype if it specifies that archetype as its
parent, and only makes changes to its definition such that its
constraints are narrower than those of the parent.

Archetype Definition Language (ADL) [12] is a formal
language developed by openEHR for expressing textually
archetypes that has also been adopted by EN13606. The most
important section of an archetype is its definition tree, where
clinical concepts are defined by constraining a particular
business class in several different ways. For a thorough expla-
nation of ADL we refer the reader to [12,13]. We also refer
the reader to ref. [16], an archetype repository with advanced
search capabilities.

3. Methods

Although ADL was designed to be a formal language, the
current ADL specification is not precise enough regarding
some important issues such as archetype specialization and
semantics. The main purpose of archetypes is to provide
a mechanism to describe, validate, store and query health
data. Since the data instances defined by archetypes are also
instances of the underlying reference model, understanding
the relationship between reference models and archetypes
becomes crucial in order to manipulate archetyped data. We
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