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Summary

Objectives: In the field of open electronic health
records (EHRs), opentHR as an archetype-based ap-
proach is being increasingly recognised. It is the ob-
jective of this paper to shortly describe this approach,
and to analyse how apenEHR archetypes impact on
health professionals and semantic interoperability.
Methods: Analysis of current approaches to EHR sys-

tems, terminology and standards developments. In addi-

tion to literature reviews, we organised face-to-face and
additional telephone interviews and fele-conferences
with members of relevant organisations and committees.
Results: The openEHR archetypes approach enables
syntactic inferoperability and semantic inferpretabili-
ty — both important prerequisites for semantic inferop-
erability. Archetypes enable the formal definition of
clinical content by clinicians. To enable comprehensive
semantic interoperability, the development and main-
tenance of archetypes needs to be coordinated interna-
tionally and across health professions. Domain know-
ledge governance comprises a sef of processes that en-
able the creation, development, organisation, sharing,
dissemination, use and confinuous maintenance of
archetypes. I needs to be supported by information
technology.

Conclusions: To enable EHRs, semantic interoperability
is essential. The apenEHR archetypes approach enables
synfactic interoperability and semantic interpretability.
However, without coordinated archetype development
and maintenance, ‘rank growth” of archetypes would
jeopardize semantic interoperability. We therefore be-
lieve that openEHR archetypes and domain knowledge
governance fogether create the knowledge environment
required to adopt EHRs.
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1. Introduction

The “Integrated Care Electronic Health

Record” (EHR) is defined by the Inter-

national Organization for Standardization

(ISO)[1] as “... arepository of information

regarding the health of a subject of care in

computer processable form, stored and
transmitted securely, and accessible by
multiple authorised users. It has a com-
monly agreed logical information model
which is independent of EHR systems. Its
primary purpose is the support of continu-
ing, efficient and quality integrated health
care and it contains information which is
retrospective, concurrent and prospective”.

In practical terms, this means that an

EHR has the following characteristics:

e The EHR is patient-centred: one EHR
relates to one subject of care, not to an
episode of care at an institution.

e The EHR is longitudinal: it is a long-
term record of care, possibly birth to
death.

e The EHR is comprehensive: it includes
a record of care events from all types of
carers, providers and institutions tending
to a patient, not just one specialty; in
other words there are no important care
events of any kind not in the EHR.

e The EHR is prospective: not only are
previous events recorded, but also in-
structions and prospective information
such as plans, goals, orders and evalu-
ations.

A myriad of reasons ranging from physician
concerns about workflow to broad environ-
mental issues are still inhibiting the adop-
tion of EHR systems [2]. Some argue the

most important reason why clinicians are re-
luctant to adopt clinical IT systems is a per-
ceived lack of added value [3]. The UK
Royal College of Nursing finds in a recent
study that 93% of nurses believe that train-
ing for EHRs is very important, but over
50% received no training [4]. Clinicians
commonly feel that it is others who benefit
from their keyboard labours — health system
administrators, payors, and, hopefully, the
patient [3]. But to really add value for the
clinician it is still often necessary to develop
best-of-breed systems (e.g. [5]). Frequently,
these systems then circumvent existing sys-
tems with a strong administrative focus in
one form or another. Usually, best-of-breed
systems are at best awkwardly integrated,
often maintained with minimum resources,
and are not interoperable with other sys-
tems. Further, nowadays, health care pro-
vider organisations and individual health
professionals typically are highly special-
ised. For optimal patient care, the various
provider organisations and health profes-
sionals have to cooperate closely during pa-
tient care, often called shared care or inte-
grated care. Shared care is defined as the
continuous patient-oriented cooperation of
hospitals, general practitioners (GPs),
specialists and other health care profes-
sionals during patient care ([6] p. 596, [7]).
The quality of patient care in shared care
environments is a current research topic
([8, 9]): Some studies suggest that shared
care provides patient care as effective
as a specialists-only environment, but is
less expensive (e.g. [10]), whereas others
(especially in the field of diabetes) find
that shared care can improve the quality
of care, information exchange, as well
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as adherence to evidence-based guidelines
([11-13]).

Information technology (IT) offers the
potential to enable efficient communication
[14, 15] to reduce costs [16], improve
quality of care [12] and also is a means to
patient empowerment [17]. In contrast,
shared care imposes great challenges on the
availability and processing of information
including trusting shared information, the
correct and clinically safe interpretation of
the information, etc. If not systematically
dealt with, IT can lead to more complex and
variable processes imposing additional
workload and sources of error on clinicians
[18]. If not systematically and continuously
evaluated, IT hazards and failures can re-
duce the quality of care [19]. Shared care
requires excellent (i.e. fast and high-
quality) communication between the vari-
ous health care providers [20]. Captured
data must be of high quality (i.e. correct and
complete), high reliability and high flexibil-
ity. This requires a mixture of free text en-
tries and highly structured and standardized
data items and the use of integrity con-
straints and plausibility checks (cp. [21,
22)). Different information systems used by
the various health care providers of shared
care must be able to interoperate [23], so
that one system can understand the context
and meaning of information provided by an-
other system (semantic interoperability).

The openEHR archetype methodology
(http://www.openEHR.org) is a possible
solution to the described “Shared-Care-
Dilemma” as it claims to empower the clini-
cian and ensure seamless integration and
semantic interoperability.

2. Obijectives

The aim of this paper is to answer the fol-

lowing research questions:

e What impact do openEHR and arche-
types have on health professionals?

e What impact do openEHR and arche-
types have on semantic interoperability?

To do this, we will initially briefly present
the openEHR and archetype approach. We
will then analyse the impact of archetypes

on health professionals, define various
levels of interoperability and analyse how
openEHR and archetypes contribute to
these interoperability levels. For this, we
will also explore the relationship of
archetypes to clinical terminologies like
SNOMED CT and analyse the openEHR
approach with regard to its compliance to
existing or developing standards. In this
context, we will define what domain know-
ledge governance is, why it is needed to
ensure semantic interoperability in health
care, and how it can be accomplished on the
basis of openEHR archetypes. We then in-
vestigate how this process can best be sup-
ported by information technologies. Finally,
real world examples of its use are presented.
The openEHR Blood Pressure Archetype is
one of the most comprehensively investi-
gated of all openEHR archetypes and will be
used in this paper as an exemplar to present
some of the key characteristics of this ap-
proach.

3. Material and Methods

3.1 Nature of the Analysis

We analysed current approaches to EHR
systems, terminology and standards devel-
opments. In addition to literature reviews,
we organised face-to-face and additional
telephone interviews and teleconferences
with members of ISO/TC 215, EHR Task-
force of European Committee for Standard-
ization (CEN), EHR SIG of HL7 Inter-
national, Standards Australia Electronic
Health Record Committee, and founding
members of the openEHR Foundation.

3.2 The openEHR and Archetypes
Approach

The openEHR approach (http://www.
openEHR.org) is defined in comprehensive
open specifications for EHR systems origi-
nally based on the results of the European
Union’s GEHR-Project in the early 1990s.
Following GEHR several projects extended
and refined its results (e.g. the Australian
GEHR projects and the EU Synapses and
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SynEx projects). All these projects in-
fluenced the openEHR architecture and the
pioneering of a two-level modelling ap-
proach for EHRs. The first level of this ap-
proach is the reference information model,
which is pared down to the minimum to sup-
port the medico-legal requirements and
record management functions. This ensures
that clinicians can always send information
to another provider and receive information
which they can read — thus ensuring data in-
teroperability. The second level involves the
openEHR archetype methodology — a way
of sharing evolving clinical information so
that it can be processed by the receiving pro-
vider — thus enabling semantic interoper-
ability. A blood pressure archetype for
example represents a description of all the
information a clinician might want or has to
report about a blood pressure measurement.
Basically, one archetype models or repre-
sents one clinical or other domain-specific
concept by constraining instances of the
openEHR information models to express a
valid structure, valid data types, and values.

Design principles of openEHR are de-
scribed in far more detail by the open
specifications available from the openEHR
homepage, but the key innovation of the
openEHR architecture is that it separates
record keeping concerns from clinical data
collection using archetypes [24].

3.3 Information Technology

To support domain knowledge governance
with information technology, we employed
the Web Ontology Language (OWL [25])
and the Protégé OWL Plug-In [26] to devel-
op and maintain an Archetype Ontology
which provides the necessary meta-infor-
mation on archetypes for Domain Know-
ledge Governance as detailed later in this
paper. In addition, we used Borland
JBuilder X® as Integrated Development En-
vironment, Java™ Servlet 2.3 Technology,
and Apache Tomcat 4.1.31 as servlet con-
tainer.
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4. Results

4.1 The Impact of Archetypes
on Health Professionals

The proposed way of openEHR to deal with
constantly changing knowledge in health
care is to “put the clinicians back into the
driver’s seat” [3], i.e. to empower the health
professionals to define and alter the accu-
rate knowledge and information they need
in the granularity they need. The openEHR
archetype methodology empowers domain
experts to create and change the knowledge
inherent in archetypes and the openEHR
Archetype Editor® renders the abstract
openEHR archetype model tangible for
clinicians. Archetypes can among others be
presented in a HTML rendition which is
automatically generated by the Archetype
Editor from the archetype. Archetypes can
also be used as the formal and computer-
processable specification of clinical content
and can be seen as the building blocks of the
health knowledge environment.

4.1.1 Archetypes Enable the Formal
Definition of Clinical Content by
Domain Experts without the Need
for Technical Understanding

Archetypes are agreed models of clinical
or other domain-specific concepts. From a
technical point of view archetypes are for-
mal specifications of clinical content. From
a clinical point of view, archetypes serve an
intuitive means to define and discuss and
present clinical content.

Once defined by clinicians, archetypes
can then be machine-processed and do not
need interpretation by system developers,
thus providing a more streamlined process
from the clinicians into a clinical system.
Terms within an archetype can come from
any number of terminologies or, if highly
specific to the archetyped concept, be spec-
ified within the archetype itself. Archetypes
specify groups of data that are whole, dis-
creet, highly related and clinically meaning-

@ Available from http://www.openEHR.org or
http://www.oceaninformatics.biz
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ful. They enable information to be specified
in a very powerful form and enable the clini-
cians to define the knowledge they need at
the level of granularity required.

4.1.2 Archetypes Conserve the Meaning
of Data by Explicitly Specified and Well-
structured Clinical Content

The structure or data model of health infor-
mation systems is often seen as being an im-
portant part of the intellectual property of the
system vendor and kept secret. However, data
stored in certain fields are displayed within
particular contexts on the screen. For
example, a simple two-value blood pressure
of 120/80 mmHg may be displayed (and
hence implicitly interpreted) as a point in time
measurement of the patient’s blood pressure,
an average over 12 hours in 24- hour blood
pressure monitoring, or a target to aim for
with a range of interventions in the manage-
ment of hypertension. A blood pressure
archetype would formalize this interpretation
and thus conserve the meaning of the data.
Maximum, minimum and mean over § and 24
hours as typically used in 24-hour measure-
ments can easily be formalized using an
archetype-based approach. OpenEHR arche-
types structure the clinical content, e.g. by
providing state and protocol for observations
(e.g. the patient position during a blood press-
ure measurement), a state machine for action
archetypes (e.g. describing the pathway of a
medication order from prescribed to com-
pleted) thus providing a good basis for well-
structured clinically relevant content models.

4.1.3 Archetypes Can Safely Evolve and thus
Deal with Ever-changing Health Knowledge
Using a Two-level Approach

It is claimed that the openEHR approach
and archetypes empower the domain expert
and deal with the ever-changing and grow-
ing health environment by using a two-level
approach that separates information struc-
tures and (clinical) knowledge [3]. Strictly
differentiating between these two levels is
necessary because health care according to
Alan Rector [27] is constantly changing in
three ways:

@ in breadth, because new knowledge is al-
ways being discovered or becoming rel-
evant (e.g. SNOMED CT - the System-
atized Nomenclature of Medicine Clini-
cal Terms July 2006 edition features over
300,000 active atomic concepts with
unique meanings, more than 700,000
English language descriptions or syn-
onyms for flexibility in expressing clini-
cal concepts),

e in depth, because finer-grained detail is
always being discovered or becoming
relevant,

e in complexity, because new relationships
are always being discovered or becoming
relevant (e.g. between a drug and adverse
events). SNOMED CT for example con-
tains more than 900,000 defining rela-
tionships.

Thomas Beale has argued that “[m]any of
today’s information systems are developed
in such a way that the domain concepts
which the system is to process are hard-
coded directly into its software and database
models” resulting in “systems which are
expensive to modify and extend, and conse-
quently have a limited lifespan” [28]. The
adoption of archetypes facilitates know-
ledge domain experts (clinicians) to specify
content models for clinical concepts such as
blood pressure, an ECG result or a medi-
cation order, by strictly separating domain
knowledge from runtime information and
design time models that collectively make
up an information system. This also facili-
tates EHR systems to accommodate for
changing medical and health service de-
livery practices over time.

4.14 Archetypes Can Simplify the Use
of Clinical Terminologies

An example how archetypes can simplify
the use of terminologies is the ability to add
a term ‘position of the patient’ to the arche-
typed concept of a blood pressure measure-
ment. This requires a small term set which
will include ‘sitting’, ‘standing’, ‘lying’. All
these terms can then easily be post-coor-
dinated with the blood pressure measure-
ment itself. Explicit terms like ‘sitting sys-
tolic blood pressure’ and ‘standing systolic
blood pressure’ are no longer required. The



advantage is that in the setting of a blood
pressure measurement it is clear what these
terms mean — compared to an all purpose list
of body positions that can be found in a
terminology like SNOMED-CT. Since any
translation to different languages occurs
within the well-specified context of one
archetype only, translating an archetype is
comparatively easy and the meaning of the
archetype can be preserved across lan-
guages. This also helps in making multi-
lingual and cross-cultural interoperability
[29] achievable.

4.2 Syntactic Interoperability,
Semantic Interpretability,
and Semantic Interoperability
with openEHR Archetypes

The Institute of Electrical and Electronics En-
gineers defines interoperability as the “ability
of two or more components to exchange in-
formation and to use the information that has
been exchanged” [30]. In the following, we
differentiate in harmony with Sheth between

three levels of interoperability [31]:

1) Syntactic (data) interoperability: The
structure and provenance of information
or knowledge is understood by a (clini-
cal) system. This comprises all (ma-
chine-readable) aspects of data represen-
tation. Syntax can be considered as the
grammar to convey semantics and struc-
ture.

2) Structural interoperability/semantic in-
terpretability: The semantics of the infor-
mation or knowledge provided is explicit
and can be analysed by domain ex-
perts (clinicians). This involves (health)
concept representation.

3) Semantic interoperability: Apart from
comprising syntactic and structural in-
teroperability, semantic interoperability
requires that the information system
understands the semantics of informa-
tion request and those of information
sources. Semantics is defined as the
meanings of terms and expressions.
Hence according to Veltman [29] se-
mantic interoperability is “the ability
of information systems to exchange
information on the basis of shared, pre-

established and negotiated meanings of
terms and expressions.”

Table 1 shows how these three levels of
interoperability can be achieved by the use
of openEHR and archetypes. In summary,
archetypes are syntactically interoperable —
this is ensured by the reference model — and
semantically interpretable — this is ensured
by archetypes themselves. However, arche-
types alone do not ensure semantically in-
teroperable systems and archetype develop-
ment must be coordinated through “Domain
Knowledge Governance” to avoid incom-
patible archetypes for the same concept.
Domain Knowledge Governance will be in-
troduced in Section 4.3.

4.2.1 The Relationship of openEHR and
Archetypes to Clinical Terminologies
like SNOMED CT

We argue in accordance with Rector and Elkin
and colleagues [27, 32] that a traditional
‘comprehensive’ terminology is very com-
plex, never actually comprehensive and ex-
tremely difficult to maintain. As the openEHR
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archetype approach does not rely on big
standardized terminologies but on “micro-
vocabularies” [33], it offers more flexibility
during standardisation and translation of
clinical concepts and overcomes some of
the shortcomings of terminology-focused
approaches.

However, let us make the following very
clear: Archetypes are not about replacing
terminologies: Terms within an archetype
can actually be linked (bound) to external
terminologies like SNOMED-CT. Rather
archetypes provide the required structure
for clinical concepts and maintain two rela-
tionships to SNOMED CT:

1) Each term can be bound to a SNOMED
CT concept, e.g. the diastolic blood
pressure would be bound to the appropri-
ate concept ID in SNOMED CT to spec-
ify explicitly that the archetype term and
the SNOMED CT concept have the same
meaning. This is in many aspects similar
to the ‘mapping’ of OpenSDE domain
models to SNOMED CT ([34]).

2) Each archetype term that is a text can be
constrained by a terminology like
SNOMED CT, ICD etc., e.g. the allowed
values (value set) for a diagnosis text in

Table T Levels of interoperability and how they can be achieved using openEHR and archetypes

Level of Main mechanism Description

interoperability | for interoperability

Syntactic (data) | openEHR reference The apenEHR reference model alone ensures syntactic (data) inferoperability

interoperability model (RM) independent of any defined archetypes. The openEHR reference model does
not define clinical knowledge; this is defined and communicated by archetypes
separate from the reference model. Hence, data items are communicated
between systems only in terms of clearly defined, generic reference model
instances. As the reference model is stable, achieving syntactic interoperability
between systems is undemanding.

Structural infer- | Archetypes Structural interoperability s achieved by the definifion and use of archetypes.

operability

As agreed models of clinical or other domain specific concepts, archetypes are
dlinically meaningful entities. An EHR entry which has been archetyped will
have the sume meaning no matter where or in which EHR it appears. Thus,
archetypes can be shared by multiple health systems and authorities, enabling
information to be shared between different systems and types of healthcare
professionals. Clinical knowledge can be shared and clinical information can
be safely interpreted by exchanging archetypes.

Semantic infer- Domain Knowledge

The use of archetypes and the reference model alone do not quarantee that

operability Governance

different EHR systems and vendors will construct equivalent EHR extracts, and
use the record hierarchy and terminology in consistent ways. Thus, this alone
does not ensure semantically interoperable systems. For semantically interoper-
able systems, archetype development must be coordinated through systematic
“Domain Knowledge Governance” to, for example, avoid incompatible, over-
lapping archetypes for essentially the same concept.

Methods Inf Med 3/2007
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the archetype could be constrained by the
appropriate subset of a terminology that
deals with diagnoses.

Terms within an archetype can be bound to
or constrained by any number of terminol-
ogies or, if highly specific to the archetyped
concept, be specified within the archetype
itself. Archetypes in contrast to terminol-
ogies specify groups of data that as a whole
are whole, discreet, highly related and clini-
cally meaningful concepts like a blood
pressure measurement consisting of the
diastolic and systolic blood pressure, but
also of any other information relevant for
the interpretation of the readings, e.g. the
position of the patient during the measure-
ment.

4.2.2 The Relationship of openEHR and
Archetypes to Standards

Standards are one important part of the
means to achieve our two aims (namely
semantic interoperability and clinician em-
powerment). Based on the systematic com-
parison of openEHR specifications/refer-
ence implementations and existing arche-
types with standards documents and drafts
(see also [35]), this section aims to provide
a summary on the relationship between
openEHR and current standards and stan-
dards development activities.

Standards development work is continu-
ing internationally to enable effective elec-
tronic communication as required for wide-
spread EHRs adoption. In particular the
European pre-standard, ENV 13606 Elec-
tronic Health Record Communication [36],
origi-
nally a four-part standard is now being en-
hanced by the CEN EHRcom TaskForce to
become a five-part full normative European
standard (EN 13606 [37]). This is arguably
the single most important standard requi-
ring international consensus as it defines the
fundamental EHR infrastructure require-
ments and will foster semantic interoper-
ability in health. This standard is also in de-
velopment for the International Organiz-
ation for Standardization (ISO) [38] and
it is intended that the five parts of EN13606
will be adopted as Australian Standards
when they are completed in Europe. While

Methods Inf Med 3/2007

openEHR specifications are not being cre-
ated as a formal consensus standard, over
the past five years it has had a significant in-
fluence on the development of EHR stan-
dards by the three main international
e-health standards development organi-
sations, CEN (European Committee for
Standardization), HL7 (Health Level 7), and
[SO. In fact, CEN EN13606 is basically a
subset of the full openEHR specification
and one of the most important aspects of
EN 13606 is the adoption of the openEHR
two-level modeling approach (i.e. arche-
types). CEN, openEHR and HL7 aim
to harmonise this new standard with both
openEHR (reference model and archetype
approach) and with HL7 (mainly the Clini-
cal Document Architecture).

Requirements for an Electronic Health
Record Reference are standardised by ISO/
TS 18308. The purpose of this Technical
Specification is to “assemble and collate a
set of clinical and technical requirements
for an electronic health record architecture
[...]” [39]. 1t gives requirements for the
architecture but does not specify the archi-
tecture (as openEHR does). The openEHR
foundation under the leadership of Thomas
Beale has prepared an openEHR/ISO 18308
Conformance Statement [40] detailing the
compliance with each of the 123 require-
ments listed by the standard. One hundred
and eight of the requirements are believed to
be completely satisfied by the architecture
either in a direct way, i.e. through a class
or feature specifically designed for the re-
quirement (96) or indirectly (12). The rest of
the requirements are either partially ful-
filled, scheduled for future openEHR ver-
sions or the compliance has yet to be deter-
mined.

Further, the openEHR approach is inline
with ISO/DTR 20514 — Electronic Health
Record Definition, Scope and Context [1]:
In ISO/DTR 20514 the principle definition
of the EHR is called the Integrated Care
EHR (ICEHR). The ICEHR is based on a
standardised or commonly agreed logical
information model which supports semantic
interoperability. The openEHR Reference
Model and the CEN EN 13606 Reference
Model are examples of models which fit this
definition.

Lastly, the ISO 8601 standard [41] de-

scribing formats for representing times,
dates, and durations provides the syntax for
all the date/time types defined in openEHR,
including the partial ones. In the latest ver-
sion openEHR also includes duration con-
straints based on ISO 8601.

In summary, openEHR and archetypes
are therefore strongly related to existing
standards and current standards devel-
opments. One concern in moving forward is
the need for convergence of EHR and EHR-
related standards that seems to be required
to realize true interoperability of health care
applications due to the abundance of differ-
ent EHR-related standards and specifica-
tions [42]. Fortunately, collaboration by the
major players in this area is very good.

4.3 Domain Knowledge
Governance

We define “domain knowledge governance
as comprising all tasks related to establishing
or influencing formal and informal organiz-
ational mechanisms and structures in order to
systematically influence the building, dis-
semination, and maintaining of knowledge
within and between domains” [43].

A fundamental aim of the archetype ap-
proach, as discussed above, is to empower
domain experts to create and change the
knowledge inherent in archetypes, thus con-
trolling the way EHRs are built up using de-
signed structures to express the required
clinical data and assuring that all necessary
constraints on the values of record com-
ponents are observed. Most of the core set of
archetypes has to be built by a relatively
small group of clinicians. Individual groups
of clinicians can then easily extend and
adapt these archetypes to their needs. The
openEHR Archetype Editor was built as a
tool to support the domain experts’ develop-
ment of archetypes by providing them with
an easy-to-use graphical user interface mak-
ing the abstract openEHR archetype model
tangible. As a consequence, health profes-
sionals can and need to take charge of
managing their domain knowledge. How-
ever for the following reasons, archetype
development will have to be coordinated:

e There will be significant concept over-
laps between the various health care do-



mains. For example, it may be that a nurs-
ing archetype for an oral assessment is
equally applicable to knowledge do-
mains other than nursing or that various
nursing fields have different needs.

e Some archetypes need to be standardised
as they are relevant for and need to be
semantically interoperable between the
various health areas and specialist fields
and also between various organisations. It
has to be defined what these archetypes
are and who is responsible for them.

e Archetypes need to be easily accessible
(e.g. on an internet server) and easily lo-
catable, i.e. organised in a way that a cer-
tain archetype can be retrieved with high
recall and precision from all existing
archetypes.

e Archetypes have to be evidence-based
whenever possible: Knowledge in arche-
types needs to be based on evidence or
best practice although it can include
‘tacit’ knowledge acquired by experts
and agreed to by consensus.

e Archetypes need to be maintained and
systematically updated when knowledge
changes.

e More theoretically, Kumar and col-
leagues [44] and Pisanelli and Gangemi
[45] argue that the adoption of an onto-
logical framework facilitates the build-
ing of better and more interoperable in-
formation systems. It facilitates unam-
biguous communication of complex and
detailed concepts. A domain ontology
catalogues various aspects known to
exist within the domain of interest from a
specific point of view to suit a defined
purpose. An ontological domain know-
ledge model shows how key concepts re-
late to one another and is usually based
on a philosophical or theoretical foun-
dation.

For these reasons, archetype development
and maintenance has to be systematical-
ly organised — through the adoption of sys-
tematic domain knowledge governance.
This has recently been supported by Aus-
tralia’s National E-Health Transaction
Authority (NEHTA) stating that ‘undis-
ciplined creation and application of arche-
types threatens the goal of semantic inter-
operability’ [46]. Domain knowledge gov-

ernance will ensure that archetypes will
meet the information needs of the various
areas, redundancy is minimised and sem-
antic interoperability vastly increased.
Figure 1 shows the regions of standard-
isation for archetypes and the scope of
archetype standardisation. Domains for do-
main knowledge governance can be wide-
reaching sectors such as health care, or dis-
cipline areas such as medicine or nursing, or
fields and sub-fields like midwifery or pae-
diatric oncology. Archetypes can be stan-
dardised for different regions from single
provider organisations to world-wide stan-
dardisation. The scope of archetype stan-
dardisation can reach from sub-field or field
(e.g. paediatric oncology), and discipline
area (e.g. medicine) to the sector (health),
and can also be relevant beyond health for
other sectors. Not always is it desirable to
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strive for worldwide standardisation and
worldwide scope. Rather, many archetypes
will only be relevant for one field or one
area — but this has to be ascertained by the
various domain levels. In many cases it will
also make sense to specialise or localise an
existing health-care-wide and nation-wide
standardised archetype to suit a specific
field or a specific health service provider.
Figure 2 presents an overview of a top-
down-approach to domain knowledge gov-
ernance in health. Essentially an approach is
required that ensures that archetypes will be
compatible, comprehensive, and not over-
lapping inconsistently. For this, we need to
identify archetypes that are to be used by
different discipline areas in health, so that
these conflicts can be resolved or — better —
prevented in the first place. Then on the next
level, medicine has to ensure that archetype

Region of Standardisation

World  —+
3 E.g. an Australia-wide
Nation - standardised *
Archetype for nursing
State -+

A world-wide standardised
Archetype for more than one
sector, eg.

a demographics Archetype

% E.g. an Australia-wide standardised Archetype,
applicable to all of health care,

i.e. nursing, medicing, administration, ..

i Ad hoc defined
Health Service | R Archetype, relavant
Provider Archetype, relevant to the world, e.g.
tos sub-ﬂétd only a demographics Archetype
! I | 1 -
T T I T s
Field Area Sector World  Scope
Fig. T The realm of Domain Knowledge Governance: region of standardisation and scope of archetypes
Sector
JICEE  Medicine: rsin Alied Health [l ..
v ¢\ / VTN
Fields Medical National Nursmg
Colleges Organisations

Fig. 2 Overview of a top-down-approach fo Domain Knowledge Governance in health
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Regicn of Standardisation
World

Fig. 3
Domain Knowledge Gov-
ernance — who should be

Nation

Medical

State - Colleges,

Health Service
Provider |

responsible for which part
of the realm? The figure
provides an overview of
one possible — although
simplified — solution. The
figure is presented from
an Australian point of
view. St Au stands for
Standards Australia,
AIHW is the Australian In-
stitute for Health and
Welfare, NNO the
National Nursing Organi-

T
Area Sector

sations group, and IS0
the International Stan-
dardisation Organisation.

I
Wordd  Scope

work in different specialist fields (e.g. by
medical colleges) is compatible, while nurs-
ing and possibly other areas have to do the
same for their area. This will constantly be
interwoven with the effort to broaden the re-
gion of standardisation.

Figure 3 shows one scenario of organi-
sations that could be responsible for the re-
gions and scope of archetype standard-
isation. Organisations such as the Australian
Institute of Health and Welfare, DIMDI —
the German Institute for Medical Documen-
tation and Information, or the Canadian In-
stitute for Health Information may well be
in the best position for national Domain
Knowledge Governance, but it would re-
quire a change to their existing organisa-
tional mission and operations. Internation-
ally, the openEHR Clinical Review Board
could fulfil this position or organisations
such as the Cochrane collaboration, an in-
ternational not-for-profit organisation, pro-
viding up-to-date information about the ef-
fects of health care. It is highly desirable to
use an existing organisation of this kind to
manage archetypes and to make these avail-
able. Archetypes that reflect the knowledge
of specific clinical knowledge domains can
only be defined and maintained by the pro-
fession that specialises in that area of prac-
tice. In medicine, the professional colleges
are in charge of their specific knowledge
domains, while in nursing, the National
Nursing Organisations (NNO) group, now
consisting of more than 50 nursing organi-
sations could coordinate the development of
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nursing archetypes for Australia [47]. An in-
terdisciplinary team needs to be established
on sector-level that define what archetypes
need to be developed and by which intra- or
interdisciplinary teams on area or field
level. For this domain experts must be ident-
ified and trained. We need to identify indi-
vidual ontological knowledge domains, es-
tablish who governs which knowledge do-
main and assess priorities for archetype de-
velopment. Further, a process for engaging
knowledge domain experts, for the develop-
ment or specialisation of archetypes on area
and field level has to be defined. Health-
wide archetypes can be specialised for vari-
ous areas, and likewise a nursing area arche-
type (e.g. an oral assessment) can be
specialised for a field (e.g. an oncology oral
assessment) without endangering semantic
interoperability. We need a formalised pro-
cess to ensure that archetype design prin-
ciples are adhered to. This is currently for-
malised by European and international stan-
dardisation activities (e.g. [48]).

4.4 Supporting Domain Know-
ledge Governance with Information
Technology

A framework for managing archetypes,
identifying which need to be standardised,
which are domain-specific and establish
and train multidisciplinary teams for arche-
type development and coordination will

inform and support Domain Knowledge
Governance. To support this we employed
the Web Ontology Language (OWL [25])
and the Protégé OWL Plug-In [26] to
develop and maintain an Archetype Ontol-
ogy which provides the necessary meta-
information on archetypes for Domain
Knowledge Governance. The Archetype
Ontology captures the meta-information
about archetypes needed to support Domain
Knowledge Governance. This includes in-
formation such as the EHR class of the
archetype (for example: Observation,
Evaluation, Instruction), the purpose of the
archetype (for example Chronic Disease
Management), or the age group of the pa-
tient to which the archetype is applicable.
Some of this information, such as the EHR
class, is expressed within the archetype
itself; other information, such as the age
group, can only be formally expressed in the
Protégé knowledge base. Also, the domain
for which the archetype is relevant is in-
cluded (for example medicine and nursing
and their sub-categories).

Based on this ontology we developed a
web-based Archetype Finder®. The Arche-
type Finder supports the user in easily locat-
ing and accessing archetypes. A screenshot
of the Archetype Finder is given in Figure 4.
This user interface is generically built based
on the Archetype Ontology, i.e. changes in
structure and content of the Archetype On-
tology are immediately reflected in the
Archetype Finder without modifications to
the softwae. After specifying the requested
properties of archetypes, the Archetype
Finder searches the ontology and presents
an overview of all matching archetypes.
Figure 5 presents an overview of what the
Archetype Finder presents when searching
the Blood Pressure Archetype from our run-
ning example.

Usage experience in Australia shows that
the Archetype Finder is one of the fastest
ways to locate and access archetypes. As
query, search and presentation are all ontol-
ogy-based, the Archetype Finder is a flex-
ible tool that can relatively easy be adapted
to reflect evolving needs. The ontology-
based nature of the Archetype Finder also

® The Archetype Finder is available online at

http://www.archetypes.com.au



enables the automatic search for archetypes
by information systems, for example a sys-
tem could dynamically search for all arche-
types for a female, 50-year-old female that
are relevant for the purpose of chronic dis-
ease management in Australia. Such a query
would — among others — return the blood
pressure archetype to the system. Current
limitations of the Archetype Finder include
that no concept of vicinity (other than
mono-hierarchies) is included, for example
the system cannot decide to what extent an
archetype that is defined relevant for Pae-
diatric Oncology is also relevant for Oncol-
ogy and/or Paediatrics in general or vice
Versa.

The Archetype Finder is currently being
expanded to a comprehensive Archetype
Repository and will also include further
mechanisms to support Domain Knowledge
Governance with a clear process for author-
ing, updating, managing, disseminating
knowledge in archetypes as well as arche-
type version control.

45 Real World Examples

Domain experts have worked with this ap-
proach and continue to do so. For example, a
series of workshops on archetype devel-
opment for clinicians were conducted by
two of the authors (EH, SG) and among
many other activities an archetype road
show was conducted (SH). Archetypes have
been developed for the General Practice
Computing Group Australia (GPCG). The
set of archetypes developed for the GPCG
is available in the Archetype Finder
(http://www.archetypes.com.au), more
openEHR archetypes are available from the
openEHR website. Australia’s National E-
Health Transaction Authority (NEHTA) a
joint initiative established by the Australian
State and Territory governments works with
archetypes for the definition of Clinical
Data Standards [49]. Nursing domain ex-
perts work with this approach, and the
authors currently work together with re-
searchers and clinicians in several countries
including Australia, Turkey, Germany and
Iran to define and refine archetypes for vari-
ous areas including Aged Care and Pediatric
Oncology.
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Fig. 4  Screenshot from the Archetype Finder. The Archetype Finder searches for available archetypes based on the Arche-

type OWL Ontology.
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Fig. 5 Screenshot of the Archetype

pressure’. It presents the archetype ID,

Finder displaying the result set for the archetype search: “Archetype ID = ‘blood
the concept description and the meta-information on the archetypes. It further hyper-

links to a non-technical HTML presentation of the archetype and to the Archetype as specified by the Archetype Definition Lan-

guage (ADL).

The Brisbane Southside Trial of Aus-
tralia’s national HealthConnect initiative
to create a nationwide EHR network
(http://healthconnect.gov.au)  employed
openEHR and archetypes [24], as well as

the New South Wales Cancer Registry In-
formation Technology Online (ITOL) Pro-
gram. While Australia’s National E-Health
Transaction Authority (NEHTA) concluded
that “[...] all potential architectures (includ-
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ing EN13606, HL7v3 and openEHR) are
unproven in large-scale Shared EHR imple-
mentations” [46], the HealthConnect Trial
was one important step into that direction
for openEHR. NEHTA recommends in the
same report to “[a]dopt the European
EN13606 standard on EHR Communi-
cation (parts 1 to 3) as the basis of an Austra-
lian Shared EHR Architecture Standard for
specifying Australian Shared EHR Con-
tent”. As noted in Section 4.2.2, EN 13606
is based as a subset of the full openEHR
specification and one of the most important
aspects of EN 13606 is the adoption of the
openEHR two-level modeling approach (i.e.
archetypes). Further examples include the
experiences in two field trials supported by
the Australian General Practice Computing
Group (GPCG) [50].

Apart from many openEHR research ac-
tivities around the globe, the foundation’s
specifications are also being implemented
in commercial deployments® for example in
the Netherlands, Sweden, the USA, Bel-
gium, and Australia [51].

5. Discussion

It is clear that internationally there is a
strong desire to develop and implement
semantically interoperable health informa-
tion systems and EHRs. This has for
example been formalised by a World Health
Organisation (WHO) resolution on eHealth
adopted at the 58th World Health Assembly
in May 2005 [52].

The traditional method of clinical system
development is to collect functional require-
ments, usually from a small number of
‘typical’ clinicians. Then the software is de-
signed based on a single large model which
incorporates both the generic business rules
for the system and the domain-specific
(clinical) requirements. As sophisticated as
this requirements engineering may be (e.g.
[53]), the ‘impedance mismatch’ between
IT specialists and clinicians, the complexity
of clinical systems and the variability of
work patterns between different clinicians,
often means that the resulting clinical sys-

¢ See http://openehr.org/projects/t_projects.htm for
up-to-date information on these deployments.
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tem is an inflexible ‘one size fits all” com-
promise which in reality suits no-one [3].
We therefore believe that we have to go one
step further than performing precise activity
and requirement analyses and make the
clinician ultimately control — not only in-
fluence — the clinical content of health infor-
mation systems like EHR systems. Other-
wise, the concern is that no clinical value is
added. Current clinical information systems
directly incorporate clinical knowledge.
The use of archetypes means that EHR soft-
ware can now be considerably smaller than
traditionally and requires little maintenance
since all knowledge will reside in software-
independent archetypes allowing changes to
be made without altering software or data-
bases, based on a small and stable informa-
tion  model.  This  also  en-
ables the EHR to increasingly satisfy user
needs, rather than degrading into obsol-
escence, as invariably happens with today’s
health systems. Also, the greater flexibility
during standardisation processes offered
by openEHR archetyping is of great value
during knowledge harmonization and gov-
ernance.

Although we argue in this paper that Do-
main Knowledge Governance should be a
formal process, Domain Knowledge Gov-
ernance can also be more informal. How-
ever formal or informal, it is clear that Do-
main Knowledge Governance is needed
independent from the actual EHR ap-
proach chosen: without clinical knowledge
being adequately defined, maintained and
standardised, in our conviction, (patient-
centred, longitudinal, comprehensive, and
prospective) EHRs are mnot achievable.
Other approaches like HL7 v3 or the Clini-
cal Document Architecture (HL7 CDA, [54,
55]) will need to do essentially the same if
semantic interoperability is to be achieved
between more than two systems at a time.
For this, the standardisation of the HL7 Ref-
erence Information Model (RIM) for
example is not sufficient; rather the stan-
dardisation of R-MIMs and use of templates
is required and ideally related to archetypes.
By clearly separating technical and clinical
concerns, the openEHR and archetypes
methodology offers a good way to define
and maintain the knowledge inherent in
EHRs and support Domain Knowledge

Governance. Recent experiences with nurses
by two of the authors (SG, EH) at two nursing
archetype workshops in Melbourne and Bris-
bane [56, 57] also show how valuable arche-
types are to get nurses involved in defining
their nursing knowledge. The developed

Archetype Ontology as well as the Archetype

Finder are in harmony with standardisation

efforts by ISO and CEN for an ‘Archetype

Management Framework’ as proposed by

Dipak Kalra and Thomas Beale [48].

While HL7 v.3 primarily serves as a
framework to define messages between ap-
plications and HL7 CDA is a generic model
for the communication of clinical docu-
ments, and in this is similar to openEHR
Compositions, openEHR’s focus is the EHR
as a whole. Oemig and Blobel argue in [58]
that HL7 is moving towards an architecture
standard. The openEHR approach however
differs from message-based approaches in
two very important ways:

e The data model is fixed and data easily
shared regardless of which archetype is
used.

e Communications can be created ad hoc
to meet the immediate needs of the clini-
cians as long as they are communicating
archetyped data.

In HL7 v.3, two means are used to constrain
a generic Reference Information Model
(RIM): a constrained version of RIM classes
creating a specific information model —
Refined Message Information Model
(RMIM) — and secondly the proposed HL7
Templates [59]. The new CDA release 2
requires HL7 Templates (once developed) to
constrain the document sections based on
the type of document (section-level tem-
plates) and to constrain the entries within
document sections (entry-level templates).
Similarly, the German SCIPHOX project
(http://www.sciphox.de [60]) uses ‘Small
Semantic Units’ to specify CDA documents
and their structures. NEHTA’ review of
Shared Electronic Health Record Standards
offers a more in-depth discussion of simi-
larities and differences between these ap-
proaches [46]. Two issues however are im-
portant in order not to endanger semantic
interoperability:
e First, it is essential to strive for harmoni-
zation between all the approaches to the



greatest extent possible (for example by
using the same data types adhering to
existing standards). Harmonisation be-
tween HL7 v.3, HL7 CDA, openEHR
and standards like CEN ENV 13606 [36]
is ongoing: A combination of good work-
ing relationships between representa-
tives from CEN, openEHR and HL7 has
led to efforts to harmonise this standard
with HL7 (RIM, CDA and Templates)
and with openEHR (reference model and
archetype approach). The three groups
are developing crossmappings to enable
the exchange of EHR data between im-
plementations of each approach 35, 61].

e Second, it is necessary to define pre-
cisely when to use which approach as
it is for example done in Australia by
NEHTA’s review of Shared Electronic
Health Record Standards [46].

Archetype development requires standards
developers to work more closely with do-
main knowledge experts and means a para-
digm shift regarding the methods adopted.
Archetype development and maintenance
require the adoption of principles not unlike
those used for the development of a classifi-
cation system or terminology. This requires
the adoption of a set of processes that enable
the creation, development, organisation,
sharing, dissemination, use and continuous
maintenance of archetypes. Many arche-
types need to be standardised, managed and
maintained by the relevant domain know-
ledge experts.

The openEHR two-level modelling and
archetype methodology cannot overcome
all of the barriers to more efficient use of
computerised clinical systems. Easier and
faster data capture at the point of care re-
mains a major challenge, which we will only
be able to overcome by a combination of
more efficient technologies such as voice or
handwriting recognition (e.g. [62]). The
openEHR approach can however make a
significant contribution to the flexibility
and usability of clinical systems and to the
improvement of data quality and semantic
interoperability and thus also serve as the
key enabler for intelligent decision support,
care planning and other value-adding appli-
cations. Data security and data protection is-
sues as e.g. considered by van der Haak et al.

[63] taking into account who is entitled to
view, update and logically or physically de-
lete the information provided and the fact
that sharing of patient-related information
between different providers may cause
legal, ethical and cultural problems in vari-
ous countries will always have to be con-
sidered when implementing EHRs. Es-
pecially, patient data used for research activ-
ities often is a complex (legal) issue [64]. On
a different note, advanced data formats used
(e.g. pictures) need to be suitable for con-
clusive and secure long-term archiving (cp.
[65]). In the future, genomic data is likely
to be integrated into EHRs and we may have
to deal with data types that are possibly not
yet sufficiently standardised for EHR inte-
gration, we also need to link genotype and
phenotype data appropriately; again con-
fidentiality and privacy concerns have to be
addressed for this very sensitive data [66].

Finally, one key aspect of EHRs is that
they have to be available throughout the
life of the patient — sustainability therefore
is a major issue. Shabo’s global socio-
economic-medico-legal model for the sus-
tainability of longitudinal electronic health
records using independent health record
banks [67] is independent from any particu-
lar technical basis for EHRs. Shabo’s model
requires true semantic interoperability and
we believe that openEHR and archetypes
would provide an excellent basis for such
a sustainability model.

6. Conclusion

To enable (life-long) EHRs, semantic inter-
operability is of major importance. The
openEHR archetypes approach enables
syntactic interoperability and semantic in-
terpretability. The definition of archetypes
is an important step for the realisation of
EHRs and achieving semantic interoper-
ability. To enable true and comprehensive
semantic interoperability, the development
and maintenance of archetypes needs to be
coordinated and governed internationally
and across the various health professions.
However, archetype development and main-
tenance needs to be supported and governed
by national and international processes
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(Domain Knowledge Governance) and sup-
ported adequately by Information Technol-
ogy, otherwise ‘rank growth’ of archetypes
will jeopardize semantic interoperability.
Collectively, we believe that this will create
the knowledge environment required to
adopt semantically interoperable EHRs.
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