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Summary

Objectives: Electronic patient record (EPR) systems are increasingly
used and have matured sufficiently so as to contribute fo high
quality care and efficient patient management. Our objectiveis to
summarize current trends and major achievements in the field of EPR
in the last year and to discuss their future prospects.

Results: Integrating health data from a variety of sourcesina
comprehensive EPR is a major prerequisite for e-health and e-
research. Current research confinues fo elaborate architectures,
fechnologies and security concepts. To achieve semantic
interoperability standards are developed on different levels, including
asic data types, messages, semvices, architectures, ferminolagies,
onfologies, scope and presentation of EPR content. Standards
development organisations have started to harmonize their work fo
arrive ot a consensus standard for EPR systems. Integrating the
health care enterprise as o whole will opfimize efficient use of
resources, logistics and scheduling.

Conclusions: The pastfew years have seen a myriad of developments
o EPR systems. However, it is till along way, until EPR systems can
flexibly fulfll all user requirements and an EHR will become broadly
accepted. Semanticinteroperability will be a key fo successful EPR
use, especially fo avoid double data entries and o befter integrate
data recording within local workflows. The patient will become an
empowered partner, not only by giving him access fo his health
data. Allthis will esultin enormous quantities of data. Thus, time
has come to determing how relevant data can be presented to the
stakeholders adequately.
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1 Introduction
Subject and Relevance

Modern health care is increasingly in-
fluenced by e-health, although there is
still no consensus on a comprehensive
definition of the term [1]. The use of
established and emerging interactive
technologies like the Internet, voice re-
sponse systems, or mobile computing [2]
is growing. The expectation is that e-
health will contribute to high quality in-
formation, data exchange and patient care.
This can become reality, if health infor-
mation technology is widely adopted and
health information is exchanged elec-
tronically between two entities, when
appropriate (http://ehealth.ky.gov/). But
innovative applications for example in
telehealth [3] or health grid technologies
[4], are only efficient if there are com-
prehensive electronic patient records to
collect, store and analyze health data and
to present relevant data at the point of
care or for policy makers.

The benefits of documenting the health
status of patients and citizens has been
known for centuries [5]. Patient records
are nowadays the most important me-
dia for communication, research and
monitoring in health care. Mobility,
increased specialization, new media for
data capture and storage and secondary
data analysis require electronic repre-
sentation of health data. Communica-
tion media like paper-based discharge

letters are no longer sufficient, espe-
cially in times of highly specialized co-
operative care, because they are often
not in time or not available in time or
not complete [6, 7]. Changes of me-
dia, processes and attitudes are neces-
sary to move from historic paper-based
representation over islands of EPRs
system and bridges for communication
to continuous high quality patient care
supported by comprehensive electronic
health records.

Problems and Motivation

Although EPR systems are increasingly
used, there still remain barriers to their
adoption [8-12]. There is a huge gap
between the availability of innovative
technologies and their application in
daily health care. Reasons for this in-
clude the inherent complexity of the
field, costs, as well as ethical and legal
requirements.

Due to the sensitivity of health data,
concepts for data privacy and security
have to be established before applying
new technologies like radio-frequency
tags (RFID) e.g. for evaluating endotra-
cheal tube position [13] or blood in-
formation management [14]. Architec-
tures for hospital information systems
should be open, so that new technolo-
gies can be integrated as soon as they
are available and secure. Hospital in-
formation systems are heterogeneous



and complex. Interoperability of appli-
cation systems is still not easy to achieve,
but is expected to be valuable [15]. This
leads to the development of architecture
standards for EPR systems.

Working architecture standards still do
not guarantee semantic interoperability,
which is a major prerequisite for usability.
Efforts for terminological standards or
clinical archetypes seek to ensure that
different application systems and different
users share understanding and knowledge.
Only when semantic interoperability is
given, an EPR can be truly integrated
into the HIS as an integral part of work-
flow, billing and logistic management.
These are major requirements for accep-
tance of EPR by health professionals and
therefore for usability in clinical routine.
All the above mentioned problems are
still not solved completely for institu-
tion-wide patient records. Another level
of complexity is imposed with the insti-
tution-independent electronic health
record (EHR). E-health ignores institu-
tional boundaries and tries to share pa-
tient data among institutions, to make
patient data ubiquitously available world-
wide for health care as well as for clini-
cal research, epidemiological research,
bio-surveillance and population health re-
porting. Establishing EHRs as a patient-
centered approach will involve the pa-
tient more deeply in the care process as
he becomes responsible for keeping and
recording his own health data and for
making the right data available to the
right persons at the right point in time.
Access to information is seen as one
major element of patient empowerment
[16]. The need for truly empowered pa-
tients is not restricted to just today’s ex-
ample problems like diabetes care [17]
or in-vitro fertilization [18].

Objedtives

The objective of our paper is to summa-
rize current trends and major achieve-
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ments in the field of electronic patient

records in the last year and to discuss its

prospects, with a major focus on

o multiple use of data for e-health and
e-research

e architectures and technologies for
patient record systems

o standards for semantic interop-
erability, and

e integration of EPR systems into the
hospital information system.

2 Background and State of
the Art

We use the term institution-wide pa-
tient record as defined in ([19], p. 176):
“The patient record comprises all data
and documents generated or received
during the care of a patient at a health
care institution” and an electronic pa-
tient record (EPR) is “a complete or
partial patient record stored on an elec-
tronic storage medium, or document
carrier.” We use electronic patient record
(EPR) as the generic concept for all
kinds of records including institution-
wide electronic records, shared patient
records and even the electronic health
record. We use the term electronic
health record for the institution inde-
pendent, patient-centered, long-term
patient record, as defined by ISO “The
Integrated Care Electronic Health
Record is defined as a repository of
information regarding the health of a
subject of care in computer processable
form, stored and transmitted securely,
and accessible by multiple authorized
users. It has a commonly agreed logi-
cal information model which is inde-
pendent of EHR systems. Its primary
purpose is the support of continuing,
efficient and quality integrated health
care and it contains information which
is retrospective, concurrent and pro-
spective.” (ISO/DTR 20514: Interna-
tional Organization for Standardization
Draft Technical Report on EHR Defi-

nition, Scope and Context). We regard
a personal health record as the patient’s
personal collection of health data and
documents. This should ideally be fully
interoperable with the EPR [20].

As described in the last IMIA Yearbook,
EPR-systems are now mature, so that
they can contribute to high quality pa-
tient care and efficient patient manage-
ment [21-23]. As the survey by Jaspers
et al. [24]concludes, the EPR “... is
playing a growing part in medical
informatics research and evaluation
studies, but the goal of establishing a
comprehensive lifelong EHR is still a
long way off. In moving forward to
EHRs, convergence of EHR standards
seems required to realize true
interoperability of health care applica-
tions.” Thus, our focus in this years’
survey is on interoperability and the
variety of standards.

3 Recent Research and
Future Developments for
Electronic Patient Records

3.1 EPR as a Core Component of e-
Health and e-Research

State of the Art

Although EPR systems are increasingly
used [25], patient data is often spread
over different application systems.
Wards and functional areas store patient
data in various, often unintegrated ap-
plication systems. Much effort is needed
to integrate all data from different data
sources into an EPR. Unambiguous
patient identification is an often an un-
derestimated difficulty, for instance a
‘master patient ID’ may be used [26].
A universal way to identify patients is
still missing.

Although getting a unified institution-
wide EPR is already a challenge, this
leads only to limited results when we
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consider patient mobility, community
networking or clinical research. It is a
matter of medical informatics research
to enable trans-institutional EPR access
or exchange [27]. The claim for meth-
ods and tools that support multi-insti-
tutional collaboration is not new [28].
But up to now there are only isolated
examples reporting on sharing data
among EPR systems in different insti-
tutions [29, 30]. Barriers to trans-in-
stitutional interoperability include con-
cerns with data privacy, and patient
safety as well as heterogeneity of ap-
plication systems and terminologies.
Data exchange for multicenter clinical
trials also has to extend beyond institu-
tional boarders. A vrey large number
of clinical trials is still paper-based, al-
though web-based technologies can be
used for randomization, remote data
entry (RDE), patient enrolment [31],
follow-up, information distribution,
study monitoring, and overall study
management [32]. But even if RDE is
available at the clinical site, it is usu-
ally not possible to integrate the data
from the local EPR in the RDE-sys-
tem. This means that each value for the
trial has to be entered manually into
the remote interface. Multiple record-
ing of the same data cannot be avoided,
which is time-consuming [33] and er-
ror-prone. The cost of validated, ran-
domized clinical trials is becoming un-
manageable and there is a growing
demand for using EPR data for second-
ary analyses [34].

Current Developments in the Last Year
(2006 up to the present)

Sharing patient data among different
institutions goes beyond technical is-
sues to also encompass security and pri-
vacy concerns. When data from EPRs
is collected for clinical trials, anonymi-
zation is necessary [35-38] or patients
have to be asked for consent. In the case
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of clinical narratives a de-identification
of protected health information is nec-
essary. Simple automated techniques
did not perform as well as human re-
viewers [39].

Instead of interoperability of a variety
of EPR-systems an EHR stored in a
central database could be used by dif-
ferent persons and institutions to enter
and share information about the patient
independent from the patient’s current
location. A lifetime EHR is not re-
stricted to clinical data but contains also
wellness data (e.g. a personal physical
fitness program) and information re-
corded by the patient himself. Shabo
suggested in [40] that so called ‘inde-
pendent health record banks’ should
function as new players in health care,
which maintain lifetime EHRs compa-
rable to how banks hold monetary funds
in trust. An issue that will need to be
addressed is whether such ‘independent
health record banks’ can in the long run
be responsible for long term record
keeping instead of the health care in-
stitutions. As alternative approach the
provider-centric model, the consumer-
centric model and national repositories
for EHR are analyzed in[41]. For us-
ing health data for multiple purposes
like patient care and clinical research
independent health record banks involve
the greatest potential, because of their
huge amount of clinical data in stan-
dardized formats, they could serve as a
source for automated data collection in
clinical trials. A special service between
the gateway to the EHR-bank and the
underlying data base could automati-
cally perform an anonymization of the
patient data. (http://www.egms.de/en/
meetings/gmds2006/06gmds238.shtml)
New data sources from genomics and
proteomics pose new challenges to the
medical informatics community. To
identify the correlation between geno-
type and phenotype integrated clinical
data and research data have to be

analysed in sufficient numbers. New
data structures are necessary for (re)pre-
senting genotype information in EPRs.
“We do not only need the results, but
also the raw data, because the data has to
be reanalysed frequently as new insight
could lead to different results” [42]. Sax
introduces several ways of integrating
genomic data in EHR as the main source
of phenotypic data. He claims that more
standardization of terminologies and on-
tologies is necessary.

Initiatives like caBIG™ (cancer Bio-
medical Informatics Grid) [43, 44] al-
ready work in this direction and try to
integrate different data sources to sup-
port clinical trials and research. caBIG™
aims to facilitate coordination of re-
search and data exchange among mul-
tiple institutions to “... leverage their
combined strengths and expertise in
cancer research” by developing a “...
federation of interoperable research
information systems” [45]. Different
tools try to bring together genomics,
proteomics and clinical data. These tools
have to integrate different vocabular-
ies to describe findings and different
standards for reporting research (http://
cabig.cancer.gov/resources/video.asp,
last accessed June 1, 2007). To cope with
this, the National Cancer Institute in the
USA has developed the cancer Common
Ontologic Representation Environment
(caCORE). A special caCORE software
development kit was designed to
lower the barrier to implementing sys-
tems that are syntactically and semanti-
cally interoperable ...” [46]. A four layer
approach is used to achieve that
interoperability. “One layer is concerned
with the syntactic component of
interoperability, while the remaining
three layers are concerned with the se-
mantic part of interoperability. These
layers are (1) interface integration, (2)
information models, (3) semantic
metadata, and (4) controlled vocabular-
ies and ontologies” [47]. Services which



were created using the caCORE SDK and
fulfill certain caBIGtm compatibility
guidelines can be connected to the
caGrid, the core architecture of caBIG™s
interoperability efforts - “... a standard-
ized framework for the advertising, dis-
covery, and invocation of data and ana-
lytical resources” [45]. caGrid is based
on a model-driven, service oriented ar-
chitecture. In December 2006 Version 1.0
of caGrid has been released.

Prospects

Home monitoring is an attractive topic
for many stakeholders. It has the po-
tential of patient empowerment, influ-
encing patients’ attitudes and behaviors
and increasing desirable medical out-
comes [48]. As a substitute for hospi-
talization it has yet to be proved as a
really efficient way to decrease inpa-
tient stays and to reduce costs. In their
seventh framework program, the Eu-
ropean Union fosters remote monitor-
ing of patients within their preferred
environments, including homes. Since
home monitoring includes not only
monitoring patient status at a distance
[49] but also automated electronic trans-
mission of data on the patient’s health
status to a health care institution a sig-
nificant amount of data is produced.
Concepts have to be developed to inte-
grate this data into patient records or
health records respectively. Intelligent
algorithms are necessary to process and
present this data fulfilling the informa-
tion needs of health care professionals
[50] and avoiding information overload
[51]. Together with technological ad-
vances for wireless communication and
miniaturized devices, e.g. for wearable
computing, inobtrusive and continuous
monitoring seems possible [49].

Other emerging technologies like e-
health-cards, should also be combined
with EHRs. The card can carry emer-
gency information, e-prescriptions and
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can serve as identification. It can be-
come the access key to a patient’s com-
prehensive EHR stored remotely or
containing the complete health data. The
(planned) introduction of such e-health
cards in numerous European countries
shows that it is not trivial to establish a
countrywide telematics infrastructure
for health-cards. It is considerably more
difficult to provide a corresponding
EHR-system [6, 52, 53], although a
variety of standards is available.
Given a working EHR-system new
problems have to be solved. The EHR
- especially for older people with mul-
tiple diseases - will contain a huge
amount of data. It will be necessary to
filter the information which is essen-
tial for a particular health professional
faced with a specific health care situa-
tion and to present it in an appropriate
way. Besides presentation strategies,
special and new data mining technolo-
gies for text and audio-visual content
will also need to be developed; such as
automatic categorization of medical
images for content-based retrieval [54]
or graphical navigation of EHRs using
Google Earth [55].

3.2 EPR-Technologies and
Architectures

State of the Art

Implementing EPR systems requires
deciding on the technologies and archi-
tectures to be used. This needs to con-
sider the following, partly interdependent
aspects: data safety and security, inte-
gration and interoperability, record stor-
age, and implementation architecture.

Data safety and security are of the up-
permost importance for storing and
communicating patient related health
data [56]. This is true for institution-
wide EPR systems but all the more for
EHR systems [57]. Traditional concepts
like login names and passwords for ac-

cess and DBMS systems with unen-
crypted data storage are still state of
the art in institution-wide health infor-
mation systems (iHIS, e.g. hospital in-
formation system). Current approaches
to implementing EHR systems require
sophisticated security architectures
which would benefit from international
standards. Strong authentication, en-
cryption and digital signatures based on
public key infrastructures including role
and policy definitions are current ap-
proaches [58]. Smart cards for patients
and health care professionals are widely
used to support secure communication
and co-operation in a shared care envi-
ronment [59]. Integrating patients in
managing access to their EHR data can
be realized by an e-consent based ap-
proach [60].

Integration and interoperability reflect
the basic requirement that patient data
stored in an EPR system can be ex-
changed with other application systems
not only on a technical but also on a
semantically sound basis [61]. This is
closely related to HIS standards for health
data exchange like HL 7 version 3 [62]
and the related clinical document stan-
dard CDA [63]. Also, the CEN ENV
13606 “Health Informatics — EHCR
Communication” and its revision that are
based on the openEHR approach [64] is
directed towards standardizing commu-
nication of EHR components. Architec-
tures and implementations of EHR sys-
tems are reflecting this through imple-
menting interfaces based on XML [65],
HL7 Version 3 [66], CDA [67-69], or
openEHR [70]. Semantic interoperability
goes beyond technically realizing data ex-
change and uses coding schemes like
CDA templates or openEHR archetypes
and ontology and vocabulary standards
like ICD, SNOMED, LOINC or UMLS.
Current developments in this field are
introduced in the following section.
Closely related to integration aspects is
data storage which ranges from DBMS-
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based centralized storage of all patient
records to distributed concepts and
document based approaches integrating
vocabularies. To facilitate shared care,
managed care or disease management,
scalable, portable, distributed, and
interoperable architectures are a prereq-
uisite. Several research projects have
implemented and evaluated architec-
tures like e.g. the PropeR project [71]
that developed an EPR system based
on OMG HDTF specifications
(www.omg.org/healthcare). The PING
project proposed an open source per-
sonally controlled distributed electronic
medical record system [72] based on
XML-standards [73] and J2EE (http://
java.sun.com/javaee). The MUDR elec-
tronic health care record system is based
on a 3-layer architecture using XML
for communication between application
layer and clients, and integrates a deci-
sion support system module as part of
the application layer [74]. Further open
source solutions for realising an EHR
system are provided by openEHR
(www.openehr.org) or OpenMRS
(www.openmrs.org). The first repre-
sents a reference implementation for
the corresponding EHR specifications,
the latter focuses on developing a medi-
cal record system framework for de-
veloping countries.

Current Developments in the Last Year
(2006 up to the present)

Recent research continues elaborating
these architecture and technology related
aspects of EPR systems. Advanced secu-
rity infrastructures and security service
structures have been analyzed and evalu-
ated, with the conclusion that formal
modelling of policies and policy bridg-
ing are the main challenges to be faced
[75]. Techniques like end-to-end secu-
rity [6] and e-consent based security [76]
have gained further attention and research
projects have implemented and evaluated
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standards-based security concepts for
distributed EHR systems [77, 78].
Integration and especially semantic
interoperability remains a problem and
we therefore discuss it in the ‘standards
for interoperability’ section in greater
detail. But even if a great amount of
partly competing standards for ensur-
ing interoperability of EHR systems are
available, there remains a “semantic
gap” concerning standardized medical
processes, which cannot be covered by
current standards [79]. Lenz et al. un-
derline the necessity of system evolu-
tion in system architectures and also in
future integration standards.

Record storage concepts and implemen-
tation architectures have also been
elaborated further. Proposing a model
driven approach instantiating the ISO
Reference Model for Open Distribut-
ing Processing (RM-ODP, ISO/IEC
10756-1) and based on a comparison of
current approaches, Blobel concludes that
a future-proof EHR architecture needs
to be an open, flexible, scalable, user-
oriented, portable core application of
health information systems and networks
based on advanced architectural para-
digms [80]. Regional and national ini-
tiatives are working towards implement-
ing and introducing EHR architectures
on a large scale (cf. e.g. [6, 81, 82], http:/
/www.nhscarerecords.nhs.uk). Web Ser-
vices, SOAP, XML, HTTP, and CORBA
are still used techniques for implement-
ing EHR architectures ([74]). Addition-
ally, IHE and its XDS profile are gain-
ing increasing attention to prototype
EHR architectures ([83]).

Prospects

Achieving semantic interoperability and
the further development of correspond-
ing standards and architectures will
undoubtedly remain the most important
topic for EPR and health information
systems in general [84]. Additionally, the

increasing importance of home care and
telecare motivated in particular by de-
mographic trends [85] impose new re-
quirements for EPR systems. Sensor
based ubiquitous computing technolo-
gies are essential for home and telecare
[86]. HIS architectures on their way
towards regional, national and global
solutions face the challenge of integrat-
ing these technologies [87] - and so do
EPR systems as their innermost com-
ponent. Thus future work will focus on
integrating corresponding data catego-
ries consistently and in semantically
meaningful ways [88, 89]. Based on the
definition of Shabo [40, 41] a result-
ing EHR would aggregate “... record-
ings created by all healthcare enter-
prises from which the subject of the
lifetime record has received medical
care throughout his/her life” enhanced
by the data coming from sensors in
home care and telemonitoring systems.

3.3 Standards for Semantic
Interoperability of EPR Systems
State of the Art

To achieve semantic interoperability be-
tween institution-wide EPR, EHR, and
also Personal Health Record systems (and
not only between one particular imple-
mented system and another), it is piv-
otal that appropriate standards are
adopted throughout the health system.
Some of these standards exist, others are
currently under development by national
and international Standards Development
Organisations (SDOs) like the Interna-
tional Organization for Standardization
(ISO), European Committee for Stan-
dardization (CEN), HL7, the American
National Standards Institute (ANSI), and
Standards Australia.

It is increasingly being recognized that
standards are required on different lev-
els, including, but not limited to the fol-
lowing:

o basic data types,



* messages and services,
e architectures for EPR systems and
knowledge-enabled computing,
o clinical terminologies (ontologies of
reality),
o clinical content, including its struc-
ture (ontologies of information),
e scope, functionality and require-
ments of EPR systems,
o presentation of clinical concepts.
As an example, HL7 version 3 and other
approaches like OMG’s CORBA 3,
openEHR and CEN EN 13606 “Elec-
tronic Health Record Communication”
are maturing as architectural approaches
for semantic interoperability [53]. When
originally drafted several years ago, the
EN 13606 reference model and arche-
type model were almost identical to those
then being proposed for openEHR; how-
ever, in the intervening period openEHR
has continued to develop through use in
implementations around the world.
The selection of these standards should
be adopted at the very least on a na-
tional level within a comprehensive
standards framework. Also, compliance
needs to be ensured. The ‘Integrating
the Healthcare Enterprise’ (IHE) ini-
tiative and the Australian Healthcare
Messaging Laboratory (AHML)', have
gained considerable momentum over the
last year, increasing compliance and the
real-world usefulness of standards.

Current Developments in the Last Year
(2006 up to the present)

In the following, we describe recent de-

velopments in the different levels of

standards important for EPR system

development.

o Standardized basic data types: Stan-
dardized basic data types that can

! The Australian Healthcare Messaging Laboratory

(AHML) is a messaging certification laboratory for
technical evaluation and certification of electronic
messages in healthcare applications (especially HL7),
established by the Collaborative Centre for eHealth
(CCeH), University of Ballarat, Australia.
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be used in EPR systems are for ex-
ample defined in ISO 11404 as lan-
guage-independent data types for
programming languages; these data
types provide an initial solid basis
for standardization, but it is now in-
creasingly recognised that a com-
prehensive harmonization and stan-
dardization of health data types is
required to enable interoperability
in health. Such specifications do not
attempt to redefine or replace the
definitions of real in ISO 11404,
but build on the already defined
functionality. In general, conver-
gence of existing data type standards
into a common set of data types for
health remains a major ongoing
goal, that is difficult to achieve.
However, recently, both CEN and
[SO seem to be increasingly recep-
tive to considering the HL7 v3
UML ITS (implementation technol-
ogy specification) data types, which
are being developed with openEHR
data types as the key input (cp.
[90]). The following may serve as
an exemplar for the problems that
arise without harmonized data types.
For the data types that support CEN
EN 13606, CEN so far chose not to
use the openEHR data types, but to
create a new data types specifica-
tion based on the HL7 v3 data types,
with a number of modifications to
deal with some criticisms of the HL7
v3 data types [91]. The problem with
this is twofold. From the perspective
of 13606, the data types are not tai-
lored to the 13606 reference model
the way that the openEHR data types
are, and from the perspective of HL7,
the data types are an improper imple-
mentation of the HL7 v3 data types.
o Messaging and services: The various
sub-versions of HL7 v2.x remain the
standard for messaging and services
in the health community, although
much proprietary exchange of data
remains, especially in less developed
countries. In addition standards for
special usages like the DICOM stan-
dard are increasingly being used. With
regard to service-oriented architec-

tures the Service Orientated Archi-
tecture and Healthcare Services
Specification Project (HSSP, http://
hssp. wikispaces.com), a joint HL7
and Object Management Group
(OMGQ) initiative has recognized the
need for specifications for services
to support healthcare IT as part of na-
tional infrastructures, which will result
in both HL7 and OMG standards.

o Architectures for Electronic Health
Records and knowledge-enabled
computing: The past year has seen
intensive discussion on this subject.
Some see HL7 v3 RIM as the solu-
tion to this (e.g. [92]), other argue
that the RIM will never be stable, is
barely usable, ontologically deeply
flawed, and in any case not an archi-
tecture for EHRs (e.g. [93]). Some
argue that the combination of HL7
v3 with the Clinical Document Ar-
chitecture (CDA) will lead to good
results, as CDA makes v3 usable (e.g.
[94]). Others argue that a compre-
hensive standard is needed that should
be based on the specifications devel-
oped by the openEHR foundation
(www. openEHR.org). The openEHR
specifications are a major input to
standards such as CEN EN 13606.
The year 2007 has seen the release of
openEHR 1.0.1, which provides a
comprehensive platform for knowl-
edge-based computing in healthcare,
including but not limited to EHRs.
The CEN 13606 archetype paradigm
and reference model is very closely
based on openEHR. There are some
small differences in the reference
model and CEN 13606 is focused on
EHR extract exchange rather than
specifying a complete EHR system
which is the focus of openEHR.

e Clinical terminologies (ontologies of
reality): Apart from - for example
- the Unified Medical Language Sys-
tem (UMLS) and the International
Classification of Diseases (ICD, es-
pecially ICD 10), SNOMED Clini-
cal Terms, is a major player in this
area (cf. e.g. [95, 96]). Although,
some problems remain with its use,
it is increasingly recognized, used,

IMIA Yearbook of Medical Informatics 2007



40
|

Knaup et al.

and recommended or mandated for
national use in various countries.
Recently, a dedicated Standards De-
velopment Organisation (SDO) for
the maintenance, development,
quality assurance and release of
SNOMED CT has been established.
A broad range of clinical terminol-
ogy systems have been developed
with an equally broad range of pur-
poses and features. To be able to
compare these, Cornet et al. have
published a framework to describe the
features of terminology systems [97].
e Clinical content, including its struc-
ture (ontologies of information): The
last year has brought overwhelming
agreement that in order to enable
semantic interoperability, it is para-
mount to get the clinical content
right in the first place. This requires
intensive discussion of clinical con-
tent with clinicians of various dis-
ciplines to ensure that their complex
needs are met in a comprehensive
way. The concept of archetypes is
increasingly seen as the appropriate
means of actively engaging clini-
cians in the modelling of clinical
content that suits their needs as ar-
chetypes uniquely separate the defi-
nition of clinical content from any
technical concerns (like e.g. the use
of the appropriate basic data types
and many others). Some prefer to
refer to these models more generi-
cally as ‘clinical content models’ or
something similar. Regardless, the
basic idea is well agreed on. It is
formalized for example in the
openEHR archetypes - archetypes
which are formally based on the
openEHR specifications, including
the openEHR Reference Model and
Archetype Model. The joint HL7/
openEHR Detailed Clinical Model-
ling group has also picked this up, as
well as the UK Connecting for Health
initiative of the National Health Ser-
vice (NHS), recently producing hun-
dreds of openEHR archetypes for their
priority areas, all available online at
http://www. openEHR. org and http:/
/www. archetypes.com. au. It also is

IMIA Yearbook of Medical Informatics 2007

increasingly being recognized that
the development of clinical content
models or archetypes requires what
we refer to as ‘flexible standardiza-
tion’ — i.e. that archetypes can safely
evolve when clinical knowledge
changes or a better or more compre-
hensive representation of a clinical
concept (like e.g. ‘blood pressure
measurement’) can be agreed on.
The differences in the development
processes of standards and archetypes
are discussed by Hovenga and col-
leagues in [98]. Clinical content mod-
els seem to be the only feasible means
of enabling semantic interoperability
across language borders, as with
clinical content models, the transla-
tion can occur within the context of
the clearly defined clinical concept
only, greatly improving the appropri-
ateness and accuracy of the transla-
tion. It is important to note that clini-
cal content models can (and should)
reference clinical terminologies, and
thus dramatically increase the usabil-
ity as well as potential usages of clini-
cal terminologies (e.g. [55]).

Scope, Functionality, and Require-
ments of EHRs: Various efforts have
been undertaken to more formally
describe the scope, desired function-
ality and requirements of EHRs: For
example, ISO Technical Report
20514 provides a classification of
electronic health records as well as
supporting descriptions of the scope
and characteristics of electronic
health records and record systems.
[SO Technical Specification 18308
- currently under periodical review?
- describes the requirements for an

Most standards require periodic revision as there
are many factors (like technological evolution) that
may cause a standard to be out of date. Conse-
quently, ISO reviews technical specifications after
a period of 3 years and upon completion of the
review will decide whether the technical specifica-
tion will be revised, confirmed or withdrawn. If the
technical specification is confirmed, it is reviewed
again after a further 3 years, at which time it must
be transformed into an international standard or be
withdrawn.

electronic health record architec-
ture. The HL7 EHR system func-
tional model, which was approved
in 2004 as a Draft Standard for
Trial Use (DSTU), has undergone
a series of enhancements in 2006
and is now a fully approved Ameri-
can National Standards Institute
(ANSI) standard. At the time of
writing it is also on the ballot as a
new work item for 1SO.

o Presentation of clinical concepts:
Not too much work has been un-
dertaken in a standards environment
to enable reliable and consistent pre-
sentation of clinical concepts in
EPRs, which in turn is believed to
have the potential to prevent clini-
cal errors and improve patient
safety. One notable exception is the
Standards Australia work item IT/
14/2 on ‘Clinical concept presenta-
tion’, currently under development.

The recognition that various commu-

nities must collaborate intensively is an-

other trend that has increased consid-
erably the past year. While ISO, CEN,

HL7, openEHR as well as national stan-

dards organisations collaborate (includ-

ing the possibility to ‘fast-track’ standards
where applicable), standardization
stakeholders like the health ICT ven-
dor community have called for greater
collaboration and cooperation between
international SDOs to ensure that avail-
able standards are complementary
rather than duplicative and competitive.

One step towards this was taken at the

2006 Geneva Joint Working Group

meeting with the signing of a broad

agreement between ISO TC215, CEN

TC251 and HL7 (see e.g. [99]). Also

Ferranti et al. [100] argue in their com-

parison of CDA and the Continuity of

Care Record (CCR) by the American

Society for Testing and Materials

(ASTM international) that competition

among SDOs is counterproductive.

They suggest to express CCR data ele-

ments with CDA syntax and “... to com-

bine the CCR-defined set of data ele-



ments with the CDA’s method for ex-
pressing clinical documents”.

Prospects

One of the major problems to be solved
in the coming years, is that many pub-
lished standards in health informatics as
well as standards under development
overlap in scope without clearly defin-
ing their boundaries or scope of applica-
tion. While efforts exist to define mecha-
nisms for ‘converting’ from one standard
to another, it is increasingly being
realised that harmonization of standards
is needed. Without this, standards in the
end will undermine their very purpose:
to provide guidance and consistency.
Other trends include the development of
metadata registries like METeOR (http:/
/meteor.aihw.gov.au), Australia’s reposi-
tory for national data standards for
health, based on sound metadata prin-
ciples. With the myriad of standards
available, nations are currently chal-
lenged to ensure that a comprehensive
and detailed standards framework is in
place to ensure that clear guidance is given
to vendors and other players in health-
care. For maximum value, it should be
ensured that standards as well as nation-
wide standard frameworks are based pri-
marily on scientific merit, not political
issues. Often the use of standards is vol-
untary and incentives may need to be
provided for their adoption.

For instance, the standardization of clini-
cal content has to be flexible and gov-
emed by different principles than the de-
velopment of a standard for basic data
types since clinical knowledge changes
quite frequently. Nonetheless, it is re-
quired to adhere to strict version control
whenever ‘incompatible’ changes are
agreed on. Domain Knowledge Gover-
nance [98] with broad input from all
stakeholders is required to achieve this,
rather than the formal definition of a
‘Clinical Content Standard’.
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One challenge to be overcome is the fact
that the development of standards in
health care is often a chicken and egg
problem. Standards need to be proven
in practice before they should become
a standard, however, it is very challeng-
ing to convince vendors to adopt and
implement a specification that may or
may not become a standard sometime
in the future — as resources needed for
the adoption as well as the long-term
implications of this adoption are usu-
ally high. As reult, it is common for
insufficient feedback to be given dur-
ing a standards development process.
This is where open specifications like
the ones developed by the openEHR
foundation can be very useful.

All in all, we believe that the coming
years will see further implementation,
comparison and evaluation of the vari-
ous standards leading to more harmoni-
zation and a clearer scope of application
of the various standards. It is also ex-
pected that appropriate mechanisms, tools
and presentations will increase the us-
ability of clinical terminologies such as
SNOMED CT.

34 Infegration of EPR Systems in
the HIS as Integral Part of the
Workflow, the Billing and the Logistic
Management

State of the Art

After the above review of architectures
and technologies for implementing
EPR-systems and standards for seman-
tic interoperability among various EPR
systems, we can see that there is an in-
creasing number of commercial EPR
available, which implement standards or
which are built using open information
models. Unfortunately, EPRs are often
considered to be more or less indepen-
dent from the rest of a hospital infor-
mation system. HIS are traditionally

viewed as been made of large pillars,
such as logistics, billing, human re-
sources, electronic patient record and
PACS. Achieveing really efficient care
requires integrating the resources (hu-
man, competences and logistics), the
management (including finances and
billing) and the patient information into
one coherent organization centered on
the processes and the workflows for the
missions of the hospital, and which also
should include research and teaching
([101], p. 24). Logistics is the art and
the science of managing and controlling
the flow of objects, actors, energy, in-
formation and all other resources in-
volved, including locations, from the
source of production to the end user.
Logistics is recognized as a major com-
ponent for any marketing or manufac-
turing to suceed, though it is still mostly
left out of the health care industry when
it comes to providing care. Logistics in-
volves the integration of information,
people, objects and their transformations
at the lowest cost possible, with the high-
est efficiency. Surprisingly, the term “lo-
gistics” does not exist per se in the Medi-
cal Subject headings of the NLM Medline
but only as one of the entry terms of ‘or-
ganization and administration’, intro-
duced in 1968. Looking at the literature
around EPR and interoperability, it is
striking to see how much scientific work
has been done around interoperability at
the clinical level, sharing medical infor-
mation between care providers, systems,
in community networks, and how little
work has been published around the in-
tegrated healthcare system as a whole.

Within care facilities, little has been
done to model the needs and expecta-
tions of consolidated information sys-
tems, such as the care and resources
needed to achieve them. Most theoreti-
cal work concentrates on global archi-
tectural designs or functional needs,
mostly around redundancy, functional
correspondence, informational redun-
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dancy or degree of heterogeneity [102-
105], while most pragmatic imple-
mentations do link direct care and bill-
ing, especially in the fee for services
reimbursement models.

Reviewing the benefits and costs of EPR
systems and the need for information
systems strategic planning in order to
adapt their functionality and quality to
the needs of health care organizations has
become more in focus these last years:
help for efficient care and cost efficiency
are prerequisites [106-111].

Current Developments in the Last Year
(2006 up to the present)

Most of the recently published work
around integrated clinical information
systems and patient records have fo-
cused on technical aspects, such as web
technologies, tele-monitoring and stan-
dards, or on strategic aspects, includ-
ing management, governance and clini-
cal research [3, 87, 112-118]. Literature
about logistics and care is rare with
some important exceptions, such as
tracking using RFID and workflows.
Location tracking systems for people,
devices and drugs are becoming more
prevalent in clinical settings, but ap-
plications are still uncommon [119,
120]. A noticeable event occurred about
RFID in 2006: to our knowledge, the first
publication on the human implantable
RFID chip and its security, which ap-
pears very controversial and insufficient
[121]. Another domain that attracts in-
creasing attention is related to workflow
integrated with clinical data [122, 123].
By putting together tracking, workflow
and clinical integration technologies,
some authors propose a vision of dis-
ruptive new environments [124].

Propects

Widespread interest in the challenging
topic of integration is helping raise
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awareness of interoperability to aid in
integrating the healthcare enterprise, at
the highest level. Maximizing usage re-
sources efficiency, improved logistics,
optimal scheduling, there are many sec-
tors that will allow important cost op-
timization and quality improvement just
by considering a care facility as a pro-
duction industry that has to be optimized.
Traceability is another important issue
that has still received very little attention
in healthcare. Traceability will be one of
the major focuses of large industries in
the next years, at a global level, not only
from a safety or a legal point of view
but also in order to increase the efficiency
of supply chains. Care providers and
healthcare facilities are at the crossing
roads of many supply industries, phar-
maceuticals, medical devices, disposable
products, implantable devices to quote
the most evident, but also numerous other
suppliers, such as food and groceries,
beds, clothes, computers, office etc.
Every hospital is like a small industry
with distributed stocks management and
an internal market, embedded in the glo-
bal market. Improving this management
through greater visibility, accuracy and
speed might lead to the same improve-
ment in economic efficiency as it has
been experienced in other industries.
Looking at the EPR as the central indus-
try in health care, embedded in the lo-
gistics of care and the management of
care is no longer blasphemous.

Discussion

The past few years have seen a myriad
of developments and deployments of
EPR and EHR systems. This was pos-
sible due to continuing success of resarch
in data privacy and data security, but also
on some significant return on investment
demonstrations [106]. The majority of
EPR-systems are still legacy and frag-
mented, some are institution-wide, oth-

ers have very limited focus. There are
rare examples of systems on a regional
scale, and very few initiatives are under-
way to establish nationwide shared EHR-
systems. A first step to realize them might
be the exchange of electronic documents
[6, 125]. Other steps might be unique
identifiers, which is very challenging
topic with a lot of privacy concerns.
But, as stated earlier, we are still a long
way from EPR systems that can flex-
ibly satisfy all user requirements. Es-
pecially, semantic interoperability has
to be achieved to avoid double data
entry and better integration in local
workflows. This covers organisational
transactions like those supported by the
[HE initiative as well as the individual
workflow of the clinical user.
Although defining failure and success
of a health information system (HIS)
in general is complex, and the “best
current estimate is that HIS failure is
an important problem” [126], we can
safely say that in their current form
EPR and EHR-systems have proven to
be rarely sustainable for various rea-
sons. Inhibitors and enablers of sustain-
ability include clinical, technical, socio-
technical, as well as political & business
factors. According to Haux, a lot of re-
search and application is necessary to
further develop and investigate HIS
architectures and infrastructures, in or-
der to identify sustainable approaches
[87]. In order to increase sustainability
of these systems a solution may be to
focus on defining and maintaining sus-
tainable ‘Health Informatics’ building
blocks or components that are moti-
vated by a high-level framework. This
includes standards with clear scope that
are not overlapping, but clearly build
on each other. These components need
to be easily updatable when clinical
knowledge changes, easily adaptable
when business requirements or pro-
cesses change, and easily exchangeable
when technology advances.



This is the reason, for our focus on stan-
dardization efforts in this survey. The
authors strongly support initiatives that
leverage interoperability at all levels.
Shared care implies that EPR-systems
must be truly interoperable. Health data
exchange via messages may not be
enough: a standard logic system archi-
tecture is required. This need is now
realised by a variety of standardizing
committees. The efforts of the various
SDO to work together in trying to har-
monize their work assume synergetic ef-
fects if they are to result in a widespread
consensus standard for EPR systems ar-
chitecture, functions and terminology.

The development and adoption of stan-
dards has many advantages, but also
some disadvantages. For example, the
development of standards is a rather
slow process that is based on consen-
sus, rather than on excellence. Stan-
dards development is most valuable
when consensus is required in chossing
among several clear, existing alterna-
tives, the scope and complexity is rela-
tively limited, adoption relatively
simple, and full potential can only be
unleashed when everybody agrees to
adhere to a common denominator. In
the case of health informatics, complex-
ity is sometimes so high that useful stan-
dards can only be created with valida-
tion via implementation, and a
recognized feedback path into the stan-
dards process. Initially, it may be re-
quired to employ open community
based development of specifications,
including their validation by real world
implementation experience. These
specifications can finally serve as the
input for the development of a stan-
dard. The openEHR foundation for
example — while not producing formal
standards per se - is involved in health
standards work in Europe (CEN TC/
251) and internationally (HL7 and
ISO). However, openEHR specifica-
tions are perfected over time by ongo-
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ing implementation experience and com-
munity feedback. The results of all the
work are fed back into the openEHR
specifications and made available to
standards bodies.

As an example, a standard is currently
under development to enable the trans-
mission of archetyped clinical data
within HL7 v2.x messages, thus reduc-
ing the need for HL7’s z-segments,
which users of the standard may define
for their own purposes (cf. Standards
Australia IT 14-6 Project 7355 Repre-
senting archetypes and EHR Data in HL7
Version 2 — currently in 2™ draft Stage).
Nevertheless, there are several examples
of successful application of standards. For
example, HL7 v2.x has to be regarded
as one of the most successful standards
in health care: Despite all the problems
that remain, HL7 v2 has done a great
deal to solve many problems with re-
gard to information exchange in health
care. Also, DICOM is established as digi-
tal format for image databases and for
exchange among modalities and PACS.
When standards for semantic inter-
operability are available and are used,
using health data for multiple purposes
will come within reach. Health data are
not only relevant for clinical purposes,
but also for clinical research, clinical
bioinformatics, quality management
and health reporting.

[t is promising to see how much scien-
tific work has been done around inter-
operability at the clinical level, shar-
ing medical information between care
providers, systems and in community
networks. Nevertheless, only few ar-
ticles have been published about the in-
tegrated healthcare system as a whole.
Regional health information organiza-
tions and shared electronic health
records are expected to have an impor-
tant impact on the practice of medicine,
medico-economic efficiency and qual-
ity of care. They can be extended to
states and across countries, to improve

mobility, the safety and public health
efforts, including bio-surveillance and
disaster management response. Such
large networks will allow building large
databases of deidentified data for clini-
cal and transitional research [127-129].

Proscpects

There is increasing discussion about e-
health and the EHR, although there is
no consensus on the definition of the
two concepts. Nevertheless, there is
consensus on the need to empover the
patient as a partner in healthcare. Em-
powering goes far beyond just giving
access to information in the record. It
must involve building an understand-
able system that encourages respect to-
wards, and commitment by all stake-
holders. Each health care professional
(e.g. nurse, physician, physiotherapist
amongst many others) needs a con-
textualized view and the patient espe-
cially needs an understandable and emo-
tionally acceptable system. In this
context interface terminologies have to
be further discussed [130]. Since patients
need an individualized view on their
health data, patients’ attitudes and capa-
bilities have to be considered in the de-
sign process of EHR-systems.

All this will result in enormous quanti-
ties of data, in distributed and maybe
virtualized databases. It will be increas-
ingly difficult to identify pertinent
knowledge and information. This
means, that a time when medical infor-
matics is still struggling to store all data
in a patient-centered EHR, the time is
upon us to think about how it may be
possible to keep only relevant data in
the EHR and how to present it.

There is still a conflict of interest be-
tween recording and analyzing data
[131]. For automatic analysis a high
degree of standardization is necessary.
Nevertheless, health care professionals
still prefer to record data in less than
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standardized ways. They feel it is more
expressive to use natural language.
Therefore, approaches for natural lan-
guage processing and text mining [132]
remain an important issue of research to
increase usability in clinical practice and
for research and management. Examples
are the detection of adverse events [133]
or the extraction of medical problems
[134] from narrative text where prom-
ising results have been reported. The
challenge is to find a balance between
sufficient specifity and sensitivity so
that these approaches can be used to sup-
port management and clinical processes
reliably in routine practice. Also the ap-
plicability for clinical research has to be
explored [135].

Decades of research on decision support
resulted in knowledge-based functions
that can be integrated into EPR-systems.
The most discussed application in the last
few years is computerized physician or-
der entry (CPOE, [108, 136-138]).
These considerations show, that mod-
elling the clinical content, preferably
in a standardized format could be the
basis for analysis, decision support, and
all knowledge-enabled computing. The
future will show if archetypes are re-
ally an appropriate and efficient means
for multi-purpose usage of health data.
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