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Abstract

The PropeR project studies the effect of Decision Support in an
Electronic Health Record system (EHR) on the quality of care.
One of the applications supports a multidisciplinary primary
care team rehabilitating stroke patients in their home environ-
ment. This project required an EHR system that could handle in-
Jformation of multiple disciplines and multiple, distributed data
sources. It should also be flexible enough to handle an entirely
different domain with only minor modifications. The resulting
EHR system is a distributed system based on international stan-
dards and reusable components. It is generic in nature since all
references to the domain are stored in separate XML documents:
the clinical data are defined through a modified version of the
OpenEHR archetypes, described in XML and views on the data,
either for review or for data entry are also described in XML
documents. Currently, the system is being evaluated by a care
team using laptops with a wireless internet connection.

The use of standards greatly improves the quality and reusability
of the resulting software system, but they do not solve the issues
that surface during implementation, such as context and screen
representation.
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Introduction

Decades of software development have produced an enormous
variety of EHR systems!, from small research systems focusing
on one topic to large systems used in many hospitals.

Almost all systems currently in use in regular practice have suf-
fered from the fact that software development could not keep up
with the rate of change in the medical domain. It was also some-
times difficult for IT professionals to understand the medical
concepts they had to translate into sofiware.

The Synapses [1, 2] and the Good European Health Record (GE-
HR) [3] projects among others tried to overcome these problems
by using predefined generic, abstract building blocks. Instances
of these blocks could easily be stored in a generic database. The
blocks also serve as the basis for construction of medical con-

1. In this paper we will refer to any system holding health
related information on patients as an EHR, although we are well aware
that others give different meanings to the various synonyms.
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cepts. In the Good Electronic Health Record project (the second
GEHR project) [4] these constructions became known as arche-
types. The latter GEHR project is now succeeded by the OpenE-
HR project [5].

Archetypes

Archetypes (1) are electronic descriptions of medical concepts,
such as blood pressure, lab test and diagnosis, created from
building blocks by medical experts. The building blocks are de-
fined in the Reference Model (2), which is further constrained by
the Archetype Language/Model (3). A database/Information
Model (4) that is able to handle the elements of the Reference
Model is therefore able to handle archetypes[6]. Archetypes are
typically stored separated from the Information Model in an ar-
chetype repository.

These four models (1 — 4) delegate the work to the respective do-
mains: the IT specialists can build both the software that can
handle archetypes and a database defined to handle the building
blocks of the Reference Model and the Archetype Language/
Model, while medical specialists define the necessary medical
concepts using the constrained building blocks available through
the Archetype Language/Model.

This not only separates responsibilities, but also allows for work
to proceed in parallel since software development does not have
to wait until all data definition problems are solved.

PropeR

The PropeR project started in 2000 to study the effect of decision
support software (DSS) in an EHR on the quality of care in two
settings. This article focuses on the setting where stroke patients
are rehabilitated in their home environment [7]. This required a
multidisciplinary EHR system that could be extended with a
DSS component. The EHR system had to be distributed, because
it has to integrate information from various systems. In addition,
the practitioners needed to access the system from various loca-
tions. At the time, there was no system available that could meet
these requirements so the decision was made to develop a new
system. Extra requirements were defined to achieve an EHR sys-
tem that would not only meet the usual requirements for any
EHR system (privacy, security, reliability etc.) as well as the
project specific requirements, but would result in an EHR sys-
tem that would be stable and flexible enough to be useful beyond
the scope of the current project. It should be able to handle both
changing user requirements as well as different (medical) do-



mains. These requirements could be enforced using standards
and available reusable components.

In summary, we set out to create a generic software system that
could handle data retrieval and data entry without hardcoded
knowledge of the data definitions it processes, with minimal im-
pact on the software when adding and modifying data defini-
tions, or even when replacing the entire domain model.

The architecture of the PropeR system will only be briefly dis-
cussed in this paper, for details see [8, 9]. In this paper the focus
will be on the implementation of the archetypes concept in a sys-
tem used by different disciplines and the issues that evolved in
the development process.

Proper Architecture

The PropeR EHR system (see Figure 1) is a loosely coupled cli-
ent-server application based on the OMG HDTF specifications
[10]. These specifications are platform and programming lan-
guage independent specifications and solve generic problems.
The two specifications currently implemented in the PropeR
EHR system are the Person Identifications Specification (PIDS)
and the Clinical Observation Access Specification (COAS). The
PIDS defines a generic interface to a master patient index and
handles the omnipresent problem of correctly identifying a per-
son. The COAS defines a generic interface to medical data in a
distributed environment.
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Figure 1 - Proper EHR diagram.

These specifications are implemented as open source compo-
nents by the OpenEMed team in Los Alamos National Laborato-
ry [11]. The PropeR EHR system uses the OpenEMed PIDS and
COAS servers with their respective databases as database sys-
tems.

A third specification, the Resource Access Definition Frame-
work (RAD) is a generic interface to an authorization server and
handles role-based access profiles. The RAD server will be im-
plemented in the near future. The DSS will also be implemented
in the near future. In Figure 1 they are marked in a light color.

The COAS specification describes data structure, not data con-
tent. It is primarily defined for data retrieval, but the OpenEMed
team has added storage functionality to their implementation.
The archetype concept can be considered as a complement to
COAS, since it describes data content based on predefined data
structures. Thus the COAS specification provides a generic
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structure for data storage and retrieval, like the database/Infor-
mation Model, mentioned before.

PropeR Archetypes

Initial study of the OpenEHR archetype documentation showed
that there was no archetype builder available. Time prevented
the development of such a builder during the PropeR project. We
also wanted to use the COAS ObsDataStruct specification as the
Information Model, for several reasons:

e it is a generic structure, recursive in nature, which can
hold any data structure;

e itis part of an international standard;
* auseable reference implementation is available.
This led to the definition of the PropeR archetypes.

The PropeR project defines an archetype as a medical concept
that can be represented in the user interface as one element. In a
traditional system it would be a field with a label. A view in this
context is a set of related elements (i.e. archetypes) that are pre-
sented together on the user interface.

PropeR archetypes had to meet the following requirements:

» Easy development: since there are no dedicated arche-
type builder tools available, the archetypes have to be built
by hand. This process should be as simple as possible.

« Based on COAS specifications: Archetypes are
expressed in structures that can be converted to COAS
specifications and/or use COAS data types.

The Proper archetypes are to be used in the following environ-
ment:

» Generic software: the application handling the data
should have as minimal as possible hardcoded knowledge
of the archetypes and of the data content. It should be easy
to replace one domain with a completely different one,
with at most minor modifications to the software.

*  Generic display: there should be no hard coded informa-
tion to link archetypes to their screen representation. This
would reduce the generic nature of the software.

»  Audit trail: the system should provide an audit trail. All
versions of a specific instance of an archetypes (i.e. arche-
types with the data filled in), are stored.

Issues in modeling archetypes

Two issues arose in the process of defining the correct arche-
types: the context and the screen representation.

In the following part we will explain these issues and the solu-
tion we developed.

Context

The PropeR EHR system will, at first, work as a stand alone sys-
tem, but ultimately be used as a distributed system connecting
data from different sources and being able to communicate with
other systems.

Proper communication requires knowledge of context of the in-
formation transferred.Studying the available literature showed
there are several ways of EHR data modeling for the purpose of



communication. One approach defines every concept (i.e. “ar-
chetype”) as an end node of a tree, with unique paths leading to
the required concept. The tree is modeled up front, based on
common principles (e.g. BloodPressure is stored as part of “Vital
Signs”, which is stored as part of “Cardiac System”) [2], or
based on the typical paths of data entry (e.g. BloodPressure is
stored as part of “Physical Examination”, which is stored as part
of “Patient Encounter”) [12].

Another approach is modeling each concept as a unit in itself.
We call this a loosely coupled approach. In either case the infor-
mation is extended with appropriate context information such as
timestamps and other relevant information.

The tree approach provides a unique path for each concept,
which provides additional context information. It is straightfor-
ward to communicate the entire tree or part of the tree to another
system. However, this approach requires knowledge of the tree
in the software, in order to build or parse the tree. Also, both sys-
tems need to use the same tree definition.

The loosely coupled approach requires no knowledge of the way
the concept is stored, but lacks the context information the tree
approach provides. Systems communicating these items need
only identical definitions of the structure.

We rejected mapping of stored data to a tree definition, since it
would require a lot of work and would close the system to new
concepts, i.e. when a new item is added, the tree and the mapping
have to be updated and the software and all the systems it com-
municates with have to be updated to use the newest definitions.

The loosely coupled approach does not require any mapping,
since communication is done on the level of items, i.e. archetype
instances. If necessary, the archetype definition is also commu-
nicated. This requires items to be defined on the lowest possible
level, the level of medical concepts.

In the PropeR project exchange of information between systems
will be done using the COAS specification, which is also used
for data storage and retrieval. Audit trail is implemented by add-
ing new versions of updated items to the database!.

To preserve the context, the Form concept was introduced in the
PropeR EHR system. A Form could be equivalent to a paper-
based form or to a view that has no paper-based equivalent. It de-
fines a set of archetypes. Instances of a Form contain references
to a specific instance of these archetypes. In functionality it is
roughly equivalent to the OpenEHR Organiser [13].

Screen representation

Screen representations of data must have knowledge of the data
to properly display the information. This means that screen rep-
resentation definitions also depend on the capabilities of the de-
vices used to display them and on the way the information is
entered (e.g. handheld vs. regular PC vs. touch screen). An even
more important aspect is the fact that screen representations
should result in views that match ergonomic principles, enhance
interpretation and improve the quality of the data entered.

1. Data storage is only allowed in the local database. All other
data sources are considered read-only.
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As stated before we define generic software as software that has
no hard coded knowledge of the information it handles, the busi-
ness model, or the screen representations of this information.
This leads to the conclusion that screen representations should
be defined and stored separately from the software that uses
them.

There are two options for storing screen representations:
« storing them as part of the archetype
» storing them separate of the archetypes

The OpenEHR statements show that archetypes can be defined
by domain specialists, while software-related matters are han-
dled by software specialists. Storing screen representations in ar-
chetypes violates this separation, since it is our opinion that the
definition of screen representations should be a joined effort of
software developers and users (who are not necessarily the same
persons as the domain specialists defining the archetypes). Ide-
ally, user interface design is done by specialist human interface
experts.

We decided to implement the second option, since making major
changes in archetype structures will occur less frequently than
adding new views.

Implementation

PropeR archetypes

We decided to implement the PropeR archetypes as XML de-
scriptions {14], combined in one XML document. We called
these descriptions Elements. An Element has a code, which is
the “name” used in querying the COAS server and qualifiers that
add context information, such as the ID of the patient, start and
end time of the observation etc., and of course, the value of the
element. An example of an element is shown below.

<element code="RecentTravels”>
<qualifier name="DNS:proper.mi.unimaas.nl/QualifierCode/
ProperObjectiD">
<!-- 1d generated by the software for the sole purpose of identifying
instances of an archetype -->
<textType format="QualifiedCodeStr’/>
</qualifier>
<... more qualifiers ...>
<element code="DNS:proper.mi.unimaas.ni/TravelStart-
Time™>
<dateType format="HL7"/>
</element>
<element code="DNS:proper.mi.unimaas.nl/TravelEndTime">
<dateType format="HL7"/>
</element>
<element code="DNS:proper.mi.unimaas.nl/TravelDestina-
tion”>
<textType format="CodedConcept”>
<value code="DNS:proper.mi.unimaas.nl/
None"/>
<value code="DNS:proper.mi.unimaas.nl/
TheNetherlands” />
<value code="DNS:proper.mi.unimaas.nl/
Europe”/>
<value code="DNS:proper.mi.unimaas.nl/
RestOfTheWorld"/>
</textType>
</element>
</element>



The software parses this document into a list of DataElements.
A DataElement is an in-memory representation of an archetype
and is used as a template for the instances, i.e. data is retrieved
from the COAS server and a copy of the DataElement is created
with actual data filled in.

PropeR screen Forms

A PropeR Form is an in-memory representation of a set of Da-
taElements in a particular order. A Form started out as an elec-
tronic representation of a paper-based form, but in essence it is
merely a view on a set of DataElements. A Form is also defined
in an XML document, one document for each Form. It describes
which DataElements should be shown on screen and how. Since
the PropeR software uses HTML pages as user interface, the de-
scriptions are geared to HTML to simplify the conversion.

There are descriptions for display forms (i.e. for review) and for
input forms (i.e. for data entry). Each element in a form descrip-
tion contains a “label” attribute which holds the display name of
the label. Elements of type “Date” also have a format attribute,
which holds the format string for displaying the date. These at-
tributes make it easy to internationalize the user interface. An ab-
breviated example is shown below:

<form code="TravelForm” label="Recent travels of patient’>
<qualifier name="DNS:omg.org/DSObservationAccess/
HL72.3/0OBR/ObservationDate_Time">
<dispfay type="display” label="Start of Observa-
tion™>
<type name="date” format="yyyy-MM-dd
HH:mm:ss"™>
</display>
<display type="input” label="Start TimeStamp of
Observation™>
<type name="date” format="yyyy-MM-dd
HH:mm:ss” verify="true">
</display>
</qualifier>
<...more qualifiers ...>
<element code="DNS:proper.mi.unimaas.nl/TravelStart-
Time”>
<display type="display” label="Start of Travel”>
<type name="date” format="yyyy-MM-dd
HH:mm:ss”>
</display>
<display type="input” label="StartTime of Travel’>
<type name="date” format="yyyy-MM-dd
HH:mm:ss” verify="true"/>
</display>
</element>
<... more elements ...>

</form>
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There is however a slight performance penalty due to the in-
memory manipulation of the XML document and the subsequent
transformation using XSL. Since all processing is done on the
server, upgrading the hardware will increase the performance.
Experiments showed that there is no noticable difference in per-
formance when the system is accessed through a dial-up connec-
tion with an average 56.6K modem versus access through a
Local Area Network.

Although the XML and XSL documents were coded by hand, us-
ing a specialized XML/XSL editor, it was a relatively easy task.
Adding a new form would take roughly 4 hours from scratch to
final version for any person familiar with XML.

We could not avoid to use some hard coded references to the da-
ta, although it is very limited: the software handles classes of
Persons (i.e. information stored in PIDS servers), Forms and Da-
taElements (information stored in COAS servers).

HTML pages, especially when generated from a template, are
not the most prominent examples of ergonomic design. This is
also true for the PropeR EHR system. Improving the screen de-
sign will require either a complete rewrite of the XML/XSL de-
scription of the forms or a switch from HTML pages to a
dedicated client application.

The system is able to extract information from different sources
as well as store/retrieve information from a local database. A dif-
ferent project in our department will be using the PropeR EHR
system in a clinical department with a local database as well as
a connection to the hospital information system.

Evaluation

An experiment to test the EHR system is running. Four primary
care practitioners (a speech therapist, a physiotherapist and two
care coordinators) are equipped with a laptop and a GPRS card.
They make a wireless internet connection to the PropeR EHR
system at the patient’s home. The main issue to evaluate in this
experiment is the software itself (userfriendliness, possibilities
of bugs, performance).

We hope to finish this experiment quickly and start the larger ex-
periment where all 17 therapists are equipped with similar hard-
ware. This experiment focuses on the evaluation of the system in
terms of user satisfaction, quality and quantity of patient data.
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