MEDINFO 2010

C. Safran et al. (Eds.)

10S Press, 2010

© 2010 IMIA and SAHIA. All rights reserved.
doi:10.3233/978-1-60750-588-4-1117

1117

Facilitating Secondary Use of Medical Data by Using openrEHR Archetypes

Christian D. Kohl**, Sebastian Garde‘, Petra Knaup®

* Department of Medical Informatics, Institute of Medical Biometry and Informatics,
University of Heidelberg, Heidelberg, Germany
® Coordination Center for Clinical Trials Heidelberg, University of Heidelberg, Heidelberg, Germany
¢ Ocean Informatics, Diisseldorf, Germany

Abstract

Clinical trials are of high importance for medical progress.
But even though more and more clinical data is available in
electronic patient records (EPRs) and more and more elec-
tronic data capture (EDC) systems are used in trials, there is
still a gap which makes EPR / EDC interoperability difficult
and hampers secondary use of medical routine data. The ope-
nEHR architecture for Electronic Health Records is based on
a two level modeling approach which makes use of ‘arche-
types’. We want to analyze whether archetypes can help to
bridge this gap by building an integrated EPR / EDC system
based on openEHR archetypes. We used the ‘openEHR Refer-
ence Framework and Application’ (Opereffa) and existing
archetypes for medical data. Furthermore, we developed ded-
icated archetypes to document study meta data. We developed
a first prototype implementation of an archetype based inte-
grated EPR / EDC system. Next steps will be the evaluation of
an extended prototype in a real clinical trial scenario. Oper-
effa was a good starting point for our work. OpenEHR arche-
types proved useful for secondary use of health data.
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Introduction

Clinical trials are the major element in clinical research and of
high importance for medical progress. By now, more and more
clinical data is available in electronic patient records (EPRs).
Similarly, there is a trend to collect data in clinical trials by
using electronic data capture (EDC) systems. Numerous ef-
forts in research and industry have led to improvements of
EPR and EDC systems in the past years. However, there is still
a gap which hampers a straightforward data exchange between
EPR and EDC systems and which makes it difficult to use rou-
tinely collected medical data in clinical research [1-3] — espe-
cially in multicenter studies [4].

The lacking interoperability between EPR and EDC systems
not only hampers translational biomedical research but also

results in the necessity to manually enter data for a clinical
trial in an EDC system which is already available electroni-
cally in an EPR: A time-consuming task which beyond that
may also cause transcription errors [5].

Another obstacle for EPR / EDC interoperability is that stan-
dards for electronic data exchange in clinical care (for instance
Health Level 7 version 2) and in clinical research (for example
standards of the Clinical Data Interchange Standards Consor-
tium — CDISC) are still quite different [2-4].

Facilitating EPR / EDC system interoperability would not only
help clinical research by saving time and money and avoiding
transcription errors but also support translational research by
reusing clinical care data for medical research and vice versa.
Therefore, different efforts have been made in the last years to
bridge this gap and there are some examples of successful ap-
proaches (for instance [5]). These approaches often integrate a
particular EPR system with a particular EDC system (for ex-
ample [6]). Even though this is a good starting point, many
times multicenter trials involve trial centers which have differ-
ent EPR systems in place.

Bridging the gap with openEHR

The openEHR architecture for Electronic Health Records
(EHRs) is based on a two level modeling approach which
makes use of ‘archetypes’ [7, 8]. Archetypes “... are reusable,
structured models of clinical information concepts that appear
in EHR, such as ‘test result’, ‘physical examination’ and ‘me-
dication order’...” [9]. We think that archetypes could not only
facilitate the documentation of medical data and interoperabil-
ity between different EPR and EDC systems but also support
data recording in clinical trials and help to integrate study data
management systems [10].

The overall aim of our study is to explore how a system for
recording data in clinical trials can be built based on the ope-
nEHR approach so that it is able to reuse the data of an EPR
system. We further want to investigate whether such an arche-
type-based approach enables smooth integration of existing
medical data at different sites.

Therefore, we built the open Study Data Management System
(openSDMS). OpenSDMS is a prototypical system based on



1118 C.D. Kohl et al. / Facilitating Secondary Use of Medical Data by Using openEHR Archetypes

openEHR concepts which allows not only recording of medi-
cal routine data but also electronic data capture for clinical
trials. OpenSDMS facilitates both entering medical data for
clinical trials manually and also (in a ‘single source approach’)
reusing medical routine data which were previously stored in
the EPR module. Furthermore, the system shall be able to in-
tegrate data of different (also non-openEHR) EPR systems for
one trial. This paper describes our concept and first experi-
ences with implementing the openSDMS.

Materials and Methods

Opereffa

As a basis for openSDMS we use the ‘openEHR REFerence
Framework and Application’ (Opereffa -
http://opereffa.chime.ucl.ac.uk) which is developed at the Uni-
versity College London. Opereffa is a web based application
which uses Java Server Faces as web layer technology. In ad-
dition, the Dojo Toolkit is used to provide Asynchronous
JavaScript and XML (AJaX) and extended user interface ca-
pabilities. To physically store data Opereffa uses Hibernate
with an underlying PostgreSQL database as persistence layer.
In an entity-attribute-value (EAV) model approach all arche-
type nodes are saved as attribute/value pairs in a single generic
table [11]. That means the system uses only one table to store
all medical data. Every row of this table contains one data
element recorded for a certain patient at a certain time. Ex-
pressed in simplified terms, one dataset respectively one row
consists of the following elements: Patient id (identifying a
certain patient), session id (identifying a certain documentation
context), archetype name, archetype path (together with arche-
type name unambiguously identifying one data element) and
the actual value of the data element.

Opereffa itself makes use of the openEHR Java Reference
Implementation [12].

Archetypes for clinical trials

As we wanted to document not only medical data which has
been recorded for a clinical trial but also the structure and a
description of the trial itself, we started to assemble meta data
which describe typical concepts of clinical trials. We identified
these data elements in a systematic review of the feature cate-
gories which are recorded in the German Clinical Trials Regis-
ter (German CTR — http://www.germanctr.de) respectively in
the International Clinical Trials Registry Platform of the WHO
(ICTRP - http://www.who.int/ictrp/en/). Additionally we eva-
luated feature categories which are used in the Coordination
Center for Clinical Trials Heidelberg (http:/www.kks-hd.de)
to register information about the trials conducted or supported
by the coordination center. This list of feature categories was
developed in an iterative process involving its end users.

In a next step, we defined archetypes for the study meta data in
addition to existing archetypes for medical data. For this, we
designed a model of concepts based on the previously assem-
bled meta data which are necessary to describe the structure
and nature of a clinical trial. The model is described in detail
in the results section (Figure 1).
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Figure 1 - Generic trial structure

Even though, these concepts are not directly related to clinical
data but to clinical trials at a meta level, we used the openEHR
Clinical Knowledge Manager
(http://www.openehr.org/knowledge/) to check whether corre-
sponding archetypes were already available or not. We used
‘clinical trial’, ‘clinical study’, ‘trial’, and ‘study’ as search
terms. As suitable archetypes were not available, we started to
define new archetypes using the ‘Ocean Archetype Editor’.
We created one archetype per concept of our model. Each of
these archetypes defines the data elements which are necessary
to describe an instance of the underlying concept.

openSDMS

In a next step, we built the openSDMS by extending Operefta
according to our requirements. For this, we added a ‘trial
view’ to the user interface of Opereffa and implemented the
underlying program logic. There, we took advantage of exist-
ing Opereffa code and used our newly defined archetypes.

Results

Archetypes for clinical trials

Based on our model of concepts for describing the structure
and nature of clinical trials (Figure 1) we defined the arche-
types ‘clinical trial’, ‘trial arm’, and ‘study visit’ which allow
describing clinical trials by recording the particular meta data.
For instance, the archetype ‘clinical trial” defines 47 data ele-
ments like ‘trial name’ or ‘phase’ (Figure 2).
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Figure 2 - Definition of the archetype ‘clinical trial’

The concept ‘clinical trial’ is the root element of our model.
One trial consists of at least one ‘trial arm’. One trial arm con-
sists of at least one ‘study visit’. Within one visit at least one
data item is captured or one intervention (medication, sur-
gery...) is undertaken and recorded. While an observational
study typically consists of one arm maybe with only one visit,
a controlled trial consists of at least two arms.

Using the archetypes which reflect our model enables easy
storage of data which describe a clinical trial in a system based
on archetypes. It thus becomes possible to collect and store
medical data and to assign these data to a certain trial arm, for
example.

openSDMS

Our overall aim was to build a prototypical system based on
openEHR concepts which allows electronic data capture for
clinical trials not only by entering the data manually but also
by reusing data which were previously stored in an EPR mod-
ule in a single source approach. With openSDMS we now

have a prototype for such a system. OpenSDMS is completely
based on archetypes which means, that almost all data process-
ing and storage within the system is based on archetypes.
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Figure 3 - Folder structure to model clinical trials

To facilitate a smooth presentation of all data items which
logically belong together (for instance all data items which
were captured for a certain study visit in a certain trial), we
used the openEHR concept of ‘folders’ [13]. OpenEHR fold-
ers enable logically grouping of recorded data and thus pre-
senting the same data compositions in different folders. We
used a similar mechanism in openSDMS to pool medical data
not only of one patient but also of a certain clinical trial. For
this, we use a virtual folder structure (Figure 3) according to
our previously introduced generic trial structure (Figure 1). As
a result, every folder contains — beside the medical data —some
kind of meta data which describes the particular element and
which is based on our newly defined archetypes. The concrete
mapping of our generic trial structure to the folders is de-
scribed in the following.

The 1:n relation between clinical trial and trial arm is mod-
elled by having one folder per clinical trial which contains one
dataset describing the trial itself (based on the clinical trial
archetype) and a number of subfolders where each subfolder
represents one trial arm. The 1:n relation between trial arm and
study visit is represented analogously. The folder of each visit
contains a visit description (based on the study visit archetype)
and all medical datasets of different patients which have been
recorded in the context of that particular visit. The single
medical datasets will be visible in respective folders of the
single patients together with further medical data. This means
that medical data — independent of its use in a medical record
or a clinical trial record — is physically stored only once in a
generic way in openSDMS which complies with a ‘single
source approach’.

That way, it is possible to bring together all data of one study
visit (of a particular trial arm in a particular trial) in one folder.
The respective medical data of all patients at whom that visit
took place is mapped to the respective directory. Supple-
mented by a description of the trial structure and other study
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meta data, that results in a complete data set of one clinical
trial.

Discussion

Archetypes for clinical trials

Per definition, openEHR archetypes are geared to comprehen-
sively describe and structure a clinical concept in any context
(cf. [14], pp. 10). Therefore, we believe that archetypes used
to record medical data in EPR systems are also suitable to re-
cord medical data in the context of clinical trials. Furthermore,
if an archetype was not found to be sufficient for the require-
ments of a clinical trial, it can be extended. It seems to be of
advantage especially for clinical research that data stored in an
openEHR based system have a ‘built in” degree of validity as
they have to conform to both a generic and stable information
model and the models of clinical data as defined by the used
archetypes.

We developed a dedicated set of archetypes to enable docu-
mentation of study meta data and to describe concepts associ-
ated with clinical trials like ‘trial arm’ or ‘study visit’ in the
openSDMS. It would have been also possible to store these
data just by creating additional tables in the database used by
openSDMS. However, we decided to make use of archetypes
because of two reasons:

1. Archetypes originally allow to systematically struc-
ture and describe the data which characterize the un-
derlying concepts and by that, built a helpful discus-
sion basis for the description of these concepts.

2. The archetype based representation enabled us using
the same (already existing) program code which is
used to process, store and transmit medical data, also
for the processing of study meta data.

The archetypes we have developed for clinical trials are still
draft versions. To enable their reusability in clinical trials na-
tionally and internationally, we will bring these archetypes into
a critical, public review process.

openSDMS

With our system we are able to explore technical issues asso-
ciated with secondary use of medical data in EPR systems for
clinical trials and to evaluate possible solutions. However, our
system is still a prototype in the sense that just core functional-
ity has been implemented. In contrast to a real study data man-
agement system further functionality is missing. For instance
no plausibility checks or query management functionality have
been implemented, yet.

Furthermore, Opereffa proved as a good starting point for the
development of openSDMS. However, Opereffa itself is still
under development and has to be improved step by step to
fully implement the openEHR specifications. Therefore, we
tried to implement openSDMS based on Opereffa but by ob-
serving information hiding principles as good as possible to
allow for an update of Opereffa without having to adjust inter-
nal parts of the openSDMS implementation.

One relevant aspect of reusing data in EPR systems for clinical
trials is data privacy protection. The underlying database of
openSDMS consists of mainly one entity-attribute-value model
based data table which only contains a patient id for relating
the single entries to the particular patients. This seems to be an
advantage, as it facilitates a separation of identifying data (like
patient name) and medical data. According to the respective
view and user (for instance medical record/physician or trial
record/data manager) the system could display the patient
name respectively only a pseudonymized patient id. We will
explore whether this idea can be supported by integrating a
pseudonymization software which has been developed by the
German ,Telematikplattform — Verbund zur Forderung ver-
netzter Medizinischer Forschung’ (TMF — http:/www.tmf-
ev.de) specifically for scenarios like this one. The TMF cross-
links medical research in Germany as umbrella organization.

Perspective

In a next step, openSDMS will be extended by an export func-
tion for the study data based on the Operational Data Model
(ODM - [15]) which has been developed by the Clinical Data
Interchange Standards Consortium (CDISC). This shall enable
openSDMS to export the captured trial data to other study data
management systems.

However, the system shall not only facilitate storing data in an
integrated EPR module and using that data for clinical trials
but also to integrate data of different EPR systems for one
trial. Therefore, in a further step, interoperability with other
EPR systems will be established to enable importing of exist-
ing medical data into openSDMS. It is planned to make use of
integration archetypes for that task.

Having openSDMS acting as a bridge between EPR and EDC
systems, in a third step, the strengths and weaknesses of
openSDMS will be evaluated. We plan, to evaluate the
openSDMS in a real but manageable clinical trial setting.

Our approach and aims have similarities with other existing
approaches — for instance the STARBRITE Proof-of-Concept
Study [5] which uses the CDISC Operational Data Model and
HL7 Clinical Document Architecture to integrate clinical rou-
tine and trial data in a single source approach. In contrast to
these approaches we use openEHR archetypes for integrating
clinical routine and trial data. Archetypes as structured models
of clinical information concepts pledge to be a good basis for
the future integration of different data sources which typically
occur in multicenter trials. Furthermore, in contrast to other
approaches, systems based on openEHR archetypes promise
high sustainability as they strictly separate the modeling of
clinical concepts (archetypes) and the technical implementa-
tion. If a concept has to be adapted to new requirements this
can be done easily and not only by technicians but also by
domain experts — for instance physicians.
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Conclusion

Archetypes for clinical trials

OpenEHR archetypes which have been defined to document
medical data in EPR systems seem to be also suitable to
document medical data in the context of clinical trials and to
support single source approaches. Furthermore, the archetypes
we developed make it possible to document trial metadata in
an openEHR based system in the same way as medical data.

openSDMS

The core functionality of openSDMS has been developed.
However, some fine tuning is required — for instance with re-
gard to the graphical user interface — until the system can be
evaluated in a real clinical trial scenario. This will be a further
step of our research. We assume that one necessary key factor
for the success of openSDMS in addition to its flexibility will
be its ease of use. Especially the generation of case report
forms has to be supported by easy-to-use tools.
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