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INTRODUCTION

Episodic healthcare delivery has characterised healthcare service models of the
past. This model was effective and suitable for dealing with acute illnesses and
accidents, but over the last two decades an increasingly elderly population and
advances in medical treatment have changed the focus of healthcare delivery to
provision of services for the chronically ill. Today up to seventy percent of patients
presenting to healthcare agencies have chronic illnesses1,2. The acute care model is
not ideally suited or effective for dealing with these patients. Optimal medical
management for patients with chronic illnesses requires an integrated or coordi-
nated care model. This entails multi-disciplinary care with sharing of patient
information and knowledge by individual carers. One possible means of achiev-
ing this is through the longitudinal electronic healthcare record (EHR).

The EHR is regarded as the ultimate health information documentation and
communication tool. It will in its complete form contain all the patient’s relevant
medical history from birth to death irrespective of where, when and by whom
they have been treated. The record will be accessible to authorised healthcare
professionals anywhere in the world. This geographical independence of the record
is important in view of global trends in population movement. For example, in
Australia and New Zealand population censuses have demonstrated that intra-
nation population movements occur at the rate of 15–20% per year3. Inter-nation
migration also happens very regularly, although at varying rates for different
countries. These population movements, increasing globalisation and interna-
tional travel will mean that to be successful an EHR system will have to adopt a
distributed architecture. A major obstacle to its current implementation is the
heterogeneity that characterises the existing distributed architecture and disparate
health IT systems. Effective exchange of information and knowledge cannot at
present easily or readily take place between different health providers.
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HEALTH LEVEL SEVEN: THE INTER-OPERABILITY SOLUTION

To achieve effective data exchange between different systems it is necessary to have
common standards. In the mid-1980s, Health Level Seven (HL7)4 was established
to develop healthcare data messaging standards. Its goal is to improve inter-
operability among heterogeneous medical information systems. Two levels of
inter-operability need to be addressed:

 • Syntactic inter-operability
 • Semantic inter-operability

Syntactic inter-operability refers to the ability to transfer data in a systematic
orderly manner, for example, the grammatical arrangement of words in sentences.
For inter-healthcare system inter-operability, this also means standardisation of
the data and message structure. A high degree of success in accomplishing this has
been achieved with HL7 Version 2. This was first released in 1988 and has been
modified over the years to the present Version 2.5. Its global applicability to
healthcare messaging standards is reflected in the fact that it is used in 24 different
countries and by 90% of US healthcare facilities.

Semantic inter-operability refers to the uniformity of the medical content and
definitions of the healthcare concepts used in the records. Achieving agreed stand-
ards for this is a more complex problem. This is due to the fact that medicine has a
large vocabulary and lacks a universally standardised terminology or accepted
classification of diseases. For example, a patient with lung disease may be labelled
as suffering from chronic bronchitis by one physician, chronic obstructive airways
disease by another and chronic obstructive pulmonary disease by a third. Each of
these definitions may have slightly different meanings to different physicians
which in turn may influence management. Uniformity in terminology is impor-
tant when data is being shared between different carers. It is also essential if data is
to be subject to data mining or collation for research. This could, for example, be
used to determine the aetiology or most effective treatment for a disease.

Creating a universally accepted terminology and persuading healthcare profes-
sionals to use it is a major challenge. Examples of systems proposed include:

 • The Unified Medical Language System (UMLS)
 • International Classification of Disease (ICD)
 • Systematized Nomenclature of Medicine (SNOMED)
 • Logical Observation Identifier & Codes (LOINC)

HL7 Version 2.5 and Version 3 have a mechanism for users to specify standard-
ised codes for clinical concepts and the coding systems used in the healthcare data
exchanged. A Reference Information Model (RIM) has also been created to sup-
port development of Version 3 messaging. Key data elements described in the
RIM are linked to vocabulary tables. By supporting the use of structured, codified
clinical concepts in the standard message protocols, HL7 provides an environ-
ment for achieving semantic inter-operability in HL7 messages5.
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Another challenging area is finding an effective way to represent contextual
relationships between interrelated clinical concepts. The use of ‘Act-Relationship’
object class and ‘Context-Lock-Indicator’ object in HL7 Version 3 addresses the
‘context relations’ representation gaps that exist in Version 2.5. For example, a
patient diagnosed as being HIV positive may not wish his family to know the
diagnosis. The ‘Act-Relationship’ can be used to link the confidentiality consent
status of the diagnosis data to the person who imposes the confidentiality con-
straint on the data. The ‘Context-Lock-Indicator’ can be used to link a set of
interrelated laboratory tests together or to link observation/complication findings
to certain medication/treatment. The following example shows the use of ‘Con-
text-Lock-Indicator’ and ‘Act-Relationship’ to bind a set of laboratory tests together
indicating that they should be read together.

<observation V=“CBC”>
<context_lock_ind V=“T”/>

<!-- means you shouldn’t interpret the nested
observations without the outer observation.
the value (V) of which is set to “CBC” (complete blood count).. -->

<act_relationship V=“COMP”>
<context_control_cd V=“C”/>

<!-- means that the acts in this act relationship
“conduct” the context of the outer observation,
including name of patient, and when required
other participations e.g. who performs the tests, etc... -->

<observation V=“HGB”>
<value V=“14.3”/>

</observation>
<observation V=“PLT”>

<value V=“117”/>
</observation>

<pertinentInformation typeCode=“MFST”>
<act_procedure V=“Blood Transfusion”>

<value V=“3 Unit”/>
</act_procedure/>

</pertinentInformation>
</act_relationship>

</observation>
<observation V =“LFT”>

<! -- liver function test items and results -->
</observation>

In the above example, ‘context_lock_ind” is used to bind a set of interrelated
tests (CBC – Complete Blood Count) together. This means that all test items (e.g.,
HGB – haemoglobin and PLT – platelet count) performed on this patient should
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be read together. The ‘act_relationship’ indicates that all data bound within the
<act_relationship> and <act_relationship/> tags is to be treated as a composite
(COMP) data set and that the observations (blood test) CBC results were shown
as a “manifestation” (MSFT) of the procedure of three units of blood transfusion
given to the patient. Another test (observation) result with values equal to “LFT”
(liver function tests) was also performed on this same patient. The test data lies
outside the ‘context_lock_ind’, hence, the data ("LFT") are to be treated as inde-
pendent from other test data ("CBC") shown in this example.

Likewise, a set of diagnostic tests and/or procedures can be linked in a similar
way to one or more clinical problems or diagnosis. This will give the context (or
reasons) under which the diagnostic tests or procedures are performed.

Recently the HL7 and openEHR6 communities began much closer collabora-
tion in an attempt to more effectively address the context relationship
representation problems. Archetype is defined as “a computable expression of a
domain-level concept in the form of structured (with business rule) constraint state-
ments, based on some reference information model”7. It is a formal definition of a
specific clinical concept for potential inclusion in an EHR. Essentially an arche-
type is presented as a ‘template’ for clinicians to define the clinical concepts and
organising relationships between the concepts. For example, an ‘Asthma’ arche-
type allows related observations and management to be linked together
contextually (Figure 1). The openEHR archetype and HL7 clinical templates have

Figure 1. Example of an asthma archetype

The archetype is structured under Simple Object Access Protocol (SOAP) headings. For each head-
ing the inputs can be defined by check boxes or numerical values. For numerical values an upper
and lower range of values are set to help prevent accidental entry of wrong/inappropriate values e.g.
a set of range (maximum and minimum) values for a peak flow rate appropriate to a patient’s sex,
age and size.
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been proposed as the technical solution to provide the semantic inter-operability.
The archetype, in particular, has been proposed as the effective structure for easily
building and maintaining clinical data contextual relationships. Archetypes repre-
senting clinical concepts and their relationship can be included in HL7 messages
for transmission from one system to another. Since each archetype conforms to
the agreed standard, syntactic and semantic inter-operability at machine and
human levels is ensured.

The ‘Clinical Context Object Workgroup’ (CCOW) Technical Workgroup is a
technical group (within the HL7 community) that is set up to build a standard
(used by a context manager) for establishing and maintaining common context
between different or heterogeneous applications that present information about
the same patient to users on their desktops8. CCOW is a technology and standard
that complements HL7’s traditional emphasis on data interchange and enterprise
workflow. Using a technique known as context management, the clinical user’s
experience is one of interacting with a single system, when in fact he or she may
be using multiple, independent applications from many different systems, each
via its native user interface. By synchronising and coordinating applications so
that they automatically follow the user’s context, the CCOW standard serves as
the basis for ensuring secure and consistent access to patient information from
heterogeneous sources. The benefits include applications that are easier to use,
increased utilisation of electronically available information, and an increase in
patient safety.

Clinical guideline representation and decision support are two other technical
workgroups within HL7 that seek to align their work with HL7. These groups,
which include the Guideline Element Model group9 (from Yale University), the
UK Clinical Practice Guideline Architecture group10, the Arden Syntax4, and the
SAGE project11 groups realise the importance of standards for data communica-
tions between decision support and clinical information management applications.
Mappings of data structure from the various guideline representation works and
the Arden Syntax to the HL7 RIM had identified a number of issues. The technical
groups have started to investigate the use of the HL7 Development Framework as
requirement analysis methodology and for identifying harmonisation require-
ments with the RIM classes.

This issue of the journal is based on papers presented at the 2nd Asia-Pacific
and Cross-Strait HL7 Conference on Healthcare Information Standards that was
held in Taipei, Taiwan earlier this year. Papers presented at the conference demon-
strated the variety of ways in which the development of HL7 standards is enabling
healthcare organisations to achieve effective information transfer, and improve
the healthcare process.

The keynote lecture was given by Professor Hammond, a past Chairman of the
HL7 organisation. He elaborated on the role of health informatics in improving
health and healthcare through the construction of electronic health records. He
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pointed out that these could be used for a wide range of purposes including
improving patient safety, treatment effectiveness, research and disease surveil-
lance. As a consequence EHRs have the potential to improve care not only for
individual patients but also for whole populations. He finished his lecture by
emphasising the need for standards to create EHRs and highlighted the role of the
HL7 organisation in providing these.

From the many excellent research papers presented at the meeting, three have
been selected to illustrate how HL7 standards are being used to overcome the
problem of data transfer between heterogeneous information systems and deliver
some of the perceived benefits referred to by Professor Hammond in his paper.

The first research paper by Cheng and colleagues provides insight into the use
of the HL7-Interface Engine (HL7-IE)/Gateway to facilitate successful informa-
tion interchange between hospital information systems and laboratory/diagnostic
(and imaging) systems. This enabled effective online ordering and results report-
ing. The success of the project was highlighted by the ability of the programming
team to use different hardware platforms and application development environ-
ments such as COBOL, Visual Basic, JAVA, JSP, etc. to build the HL7-IE /Gateway
solution and still make the various components work together well. The authors
have provided a useful flow diagram to help personnel at other hospitals evaluate
whether they need to implement an HL7 system to enable information transfer
between their laboratory instruments and information systems.

The next paper by Long and colleagues also deals with the use of HL7 stand-
ards for laboratory systems. A major barrier identified to the implementation of
HL7 in Taiwanese hospitals is the complexity of the HL7 interface and the expense
of implementing it. The authors describe the use of intelligent HL7 agents to map
data from a laboratory information system database schema to HL7 message
format. This enables the easy generation of HL7-based laboratory messages for
hospital information systems. As the authors point out, the use of the intelligent
agent simplifies implementation, minimises customisation and saves both time
and costs.

The third paper reports on the use of HL7 messages to facilitate automatic
data transmission and reporting of infectious diseases from healthcare agencies to
the Centre for Disease Control in Taiwan. Use of such a system facilitates more
effective disease surveillance. The use of intelligent agents to autonomously and
continuously monitor and report new cases of infectious diseases is described.
The project again demonstrates the successful use of the HL7 messaging schema
and the conceptual model for intelligent agent-based data monitoring and
workflow management.

The research papers presented and ideas discussed at the conference con-
firmed that the healthcare industry considers the development of standards to be
a critical success factor for machine and human inter-operability. A wealth of HL7
standards, development knowledge and experience exists within the international
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HL7 community. It will be useful if extensive networking facilities can be estab-
lished to enable cross-fertilisation of ideas and to assist the less experienced to
overcome knowledge deficits and technical hurdles.

The successful development and implementation of HL7 standards in the
Asian-Pacific countries affirms that HL7 is the international currency for health
information interchange. HL7 represents an important and highly useful solution
for achieving syntactic and semantic inter-operability that will enable the creation
of EHRs, and the potential benefits associated with them.
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INTRODUCTION

Although some of the earliest applications of computers were in the healthcare
arena, successes have been limited in the impact of computers in health. Wide-
spread use has not occurred and the stability of commercialisation in the field has
been unpredictable at best. We still await total acceptance of a proven value
proposition for clinical use of computers. Over the half century since computers
began to appear on the scene, the “holy grail” of the electronic medical or health
record has yet to be realised.

In much of the world today, that situation is rapidly changing. Two publica-
tions by the Institute of Medicine have had a major impact on increasing awareness
of the many stakeholders in health on the need for major improvements in the
health system. To Err is Human: Building a Safer Health System1 stated that ap-
proximately 98,000 deaths per year were attributed to medical errors making it
the 5th leading cause of death in the United States. Crossing the Quality Chasm: A
New Health System for the 21st Century2 identified poor and inconsistent quality
of care in the United States and called for a safer, timelier, efficient, effective,
patient-centred and equitable health system. Added factors include the rising
costs of healthcare, particularly drugs; the importance of effective management of
chronic diseases; the move to evidence-based medicine in light of an exponentially
increasing volume of knowledge in diagnosing and treating diseases; outbreaks of
new diseases (e.g. SARS – Sudden Acute Respiratory Syndrome, West Nile virus,
Monkey pox and AIDS – Acquired Immune Deficiency Syndrome); the threat of
bioterrorism; and rising consumer interests in participating in their own health
and healthcare. Finally, the aging of the “baby boomers” threatens to saturate the
healthcare system with their needs and demands.

It has become increasingly clear that all of these concerns can only be ad-
dressed through the introduction of an integrated, computer-based healthcare
system with connectivity at a national level. The National Committee on Vital and
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Health Statistics, the President’s Information Technology Advisory Committee
and the Institute of Medicine, have all emphasised the importance of a national
health information infrastructure (NHII). This is deemed to be essential to im-
prove patient safety and quality, rapidly detect bioterrorism and other health
threats, and enhance the efficiency of the healthcare system. The recommendation
stated, “Recent events underscore that an effective NHII is not a luxury but a neces-
sity; it is not a threat to our privacy but a vital set of resources for preventing and
addressing personal and collective health threats.” The recommendation also stresses
that the initiative must be a public/private collaboration.

In March 2003 in an address to the American Medical Association, the Secre-
tary of Health and Human Services, Tommy G. Thompson stated “It is important
for the federal government to lead by example by selecting and adopting these clinical
data standards. With appropriate privacy protections for personal health informa-
tion, consumers and patients will benefit when their health information is available
to their doctors and other health care providers when it is needed, such as in the
emergency room. But we cannot do it alone. The private sector will be crucial to the
widespread diffusion of these standards.” He endorsed the work of the federal
government’s Consolidated Health Initiative (CHI), a consortium of federal agen-
cies with an interest in IT in health. The objective is improved patient safety and
cost savings. Thompson recognised the need for a common coding system. The
goal of this effort is to ensure that health information is available to the patient’s
doctors and other healthcare providers when it is needed. Thompson stated,
“Health technology is going to be the key driver of change for the 21st century.” At the
National Healthcare Information Infrastructure meeting “Developing A National
Action Agenda for NHII” in July 2003, Secretary Thompson announced that the
government had purchased a 5-year license for Systematized Nomenclature of
Medicine (SNOMED) CT through the National Library of Medicine that would
make SNOMED available for use in the U.S. at no cost. He also announced that
the Institute of Medicine, working with the HL7 standardisation process, had
been commissioned to create a standard specification for the required functional-
ity of the Electronic Health Record. This technical specification will be the basis
for a programme to act as an incentive for providers to use an EHR to increase
quality and reduce medical errors.

A number of policy setting bills have been introduced in Congress, including
bills for patient safety, improving quality, creating a national network and for
adopting the EHR. Several important issues remain to be addressed. It is critical
that the federal government takes the lead in establishing the infrastructure for
the NHII. That infrastructure not only must define the leadership but also pro-
vide the funding and momentum to create the vision, the plans, and ultimately
the physical connectivity to make this become a reality. The government should
continue to support the adoption and implementation of existing standards and
encourage through funding and other mechanisms other standards that will be
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required for an NHII. The government should support certification of vendors to
compliance of standards and create funding and processes to distribute and main-
tain standards and knowledge bases including terminology, clinical guidelines,
clinical documents, clinical templates, master data registries, disease registries and
other appropriate items. The government should support research in data mining,
in health surveillance and in the analyses of the data in these nationally linked
databases to improve our understanding of the:

 • Occurrence of diseases
 • Causes of diseases
 • Differences in outcomes
 • Treatment effectiveness
 • Patient safety
 • Clinical trials and other research
 • New methods of surveillance

Much of the expenditure in research today is spent on establishing the infra-
structure to collect the data, mix the data and create the databases. With an
effective and efficient population dimension, much of that work will have been
completed and the funding can be used more effectively for research.

This paper describes some background to set the stage for what is needed to
effectively use information communications technology to improve the health-
care systems to meet the needs of the 21st century.

BACKGROUND

The Electronic Health Record (EHR) has been the ultimate goal of the informatics
industry from its beginning. In the United States today, only 5% of physicians
have access to a true EHR. Researchers have worked on the development of this
“thing” for almost 50 years. Yet, there is no commonly understood definition of
what an EHR is or should be. Over the years “it” has been given many names,
most chosen to keep up with the trends and what is deemed to be politically
correct. It has been called the Automated Medical Record (AMR), the Computer-
ised Patient Record (CPR), the Computer-based Medical Record (CMR), the
Electronic Medical Record (EMR), the Electronic Health Care Record (EHCR),
the Electronic Patient Record (EPR), the Person Medical Record Information
(PMRI) and others.

Historically, the healthcare industry has largely focused on the inpatient envi-
ronment and on Hospital Information Systems (HIS) for several reasons. First,
the focus of the HIS has been the service components – Admission/Discharge/
Transfer (ADT), and order management and result reporting. They are allied
mainly to larger hospitals that can afford the substantial capital and yearly main-
tenance costs. Further, physicians in the hospital settings tend not to be as time
constrained as physicians in the outpatient setting. As a result, the HIS dominates
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the IT market in the inpatient setting. The HIS database is defined by the service
functions, and the data is frequently available on-line for a limited time after
discharge. With the advent of cheaper and larger storage, that situation is chang-
ing but provides little additional value as will be discussed later.

The most common computer systems in hospitals today are billing and ac-
counting systems. In most cases, these systems are independent of the clinical
HIS, if such systems exist. Data for accounting systems are still entered from paper
and are optimised for maximum reimbursements by human experts, and more
recently by expert computer systems. The database of most if not all HISs could
not be called an EHR.

Department systems (laboratory, pharmacy, radiology, materials management)
were for many years not linked to the HIS. Data were reported in paper form,
even if the departments were computerised. A familiar sight in the 1960s and
1970s was two terminals sitting side by side, with a human operator transferring
data from one system to another. In the 1980s, customised, expensive, one-of-a-
kind interfaces were developed to permit the electronic transfer of data from the
departmental systems to the HIS. Standard Developer Organisations (SDOs)
were created in the late 1980s to create standards for the interchange of data, and
again the initial focus was on the hospital information systems. Imaging stand-
ards for Picture Archiving and Communications Systems (PACS) and Radiology
Information Systems were developed by different groups with an interest in
imaging equipment.

Other computer applications in the healthcare settings are really subsets of the
HIS and include what are now know as Computerised Physician Order Entry
(CPOE) and ePrescribing Systems. Additional databases known as data repositor-
ies are used to distribute HIS data among the various clinical units.

Most hospitals in the United States currently support some form of compu-
terisation of data. An estimated 13–15% of hospitals have some form of electronic
prescribing; however, providers enter less than 25% of their orders electronically.
Most systems serve administrative and financial requirements; in the clinical area,
the functions are primarily service related. Paper is still the primary form for
storage of data for patient care. In outpatient settings, the use of computers is
predominately for patient management (administrative and financial). Less than
8% of providers in the United States use an electronic health record.

In the outpatient world, practice management systems have flourished and
largely provide a billing function. Most outpatient systems were based in aca-
demic settings, and a few of these have been successful in the commercial arena.
Outpatient systems must sell for a lower price and still have to deal with such
issues as training, maintenance and development. Many speciality systems exist,
focused on clinical specialities such as obstetrics, paediatrics, cardiology and oth-
ers. Other systems address clinical purposes such as emergency departments,
surgery systems, nursing homes and home care.
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Finally research databases, data warehouses and data mining, and disease reg-
istries complicate the picture. The consequence of all of these disparate systems,
driven by the health IT industry and based on what customers will buy is that few
if any true EHRs exist in the world today.

In addition, what might be kindly referred to as EHRs today are further identi-
fied by site: inpatient and outpatient EHRs; by function: primary care, intensive
care, emergency department, nursing, nursing home, billing/claims, research; and
by disease: diabetes, oncology, coronary artery disease, myocardial infarction,
hypertension, etc.

DEFINING THE EHR

As work continues to progress on the EHR, its definition and role must clearly
satisfy multiple criteria based on site, purpose and function and view. It is impor-
tant to note that the EHR serves, in any setting, multiple purposes. Clearly one
important purpose is for patient care and the documenting of that care. It is the
legal record for data, decisions, treatments and outcomes. It serves the purpose of
billing. It is subject of audit for quality evaluation, accreditation, identifying
medical errors and guaranteeing patient safety, creditation of health care provid-
ers, education, evaluation, research, reporting of various types and others.

The EHR is more than a data repository. How the data is stored, the EHR
architecture, what data elements are stored and the data representation are very
important, but those characteristics are only part of the story. The functionality
and features are equally important in the management of workflow and informa-
tion flow. Those characteristics also vary from location to location. What is
required to support IT management in the inpatient setting is quite different to
what is required in a primary care setting. A nursing home will require less data
than an intensive care unit. Therefore, it is reasonable to believe that there will be
more than one type of EHR – depending on setting and purpose. The site of care
is one on the most important features for defining the EHR in that setting. The
persistence of the data will also vary with site and purpose. However, the most
important concept of the EHR is that it must be patient-centred and that requires
a comprehensive, aggregated patient record. That aggregated patient record means
that data must be shared and must be interoperable among all sites of care.
Therefore, all types of the EHR must be interconnected and interoperable. This in
turn means that a common set of data elements must be shared among all set-
tings, and the different view of the EHR must be overlayable.

The EHR is not a clinical repository. Its purpose is to enhance and enable the
care of the individual, and its contents are solely justified for that purpose. When
data ceases to contribute to patient care, it should be removed from the EHR. The
purpose of the data warehouse is to retain all data forever. The EHR documents
the process of care, the gestalt of decision making, the data on which decision
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making is based, expectations and goals, diagnostic and treatment process, quality
measures, outcomes, and health and functional status. The EHR provides workflow
and information flow management.

The linkages among the various EHRs will depend on operational factors. For
example, in an oncology hospital, there is value in having a linked inpatient and
outpatient EHR, since patients may move freely between those two settings, some-
times on the same day. As an example, a bone marrow transplant patient at Duke
may move between an inpatient setting, the haematology clinic, the bone marrow
transplant unit and the residential housing. Linkages support data flow as well as
workflow among all the units. Enterprise systems need well-defined linkages
among its participating bodies. A home care visit from a hospital staff member
needs to be prompted by the inpatient or outpatient database and the results of
the home care visit brought back into the system. A nursing home needs specifi-
cally defined information flows between various inpatient hospital settings, among
primary care settings and among pharmacies.

We cannot afford to collect data multiple times. Data must be reusable and
must serve all purposes. If decisions are made on data generated elsewhere, the
integrity and the appropriateness of the data must be guaranteed. Research
databases and claims databases must be derived from the clinical care database.
Service processes must be integrated into the EHR and its functionality. Ideally,
the reimbursement process will be integrated into the clinical systems and deci-
sions made in real time as care is delivered.

Recognition that the quality of data required for clinical use and research is
similar, and that the costs of recruiting patients for clinical trials and acquiring the
research data independent of the clinical process is prohibitive, has led to models
that perform both services as well as reporting for various purposes and reim-
bursement. An increasing interest on the part of the consumer in their health and
in participating in informed decisions relating to their health and healthcare has
introduced a new component to the traditional hospital-based, illness treatment
model for healthcare. This new consumer interest has opened many new avenues
for information management and information sharing including the concept of
the personal health record and access to health-related information on the Internet
with corresponding problems of quality control, authentication, appropriateness
and understanding. Medical advice and prescribing on the Internet has raised
many new issues in ethics and in legal issues including differing state laws regulat-
ing the use of these resources. The consumer interests have increased visibility in
models for community healthcare, and includes nursing homes, home health,
skilled nursing, rehabilitation, retirement communities, public kiosks for educa-
tion, “shopping mall health testing” including MRIs and other imaging, cardiovas-
cular testing, and a wide variety of other diagnostic testing. Continued emphasis
on preventive care and healthy lifestyles has changed the focus in the United
States from an electronic medical record to an electronic health record.
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All of these factors have resulted in new views of what is required for the use
and management of clinical and administrative data in health. The model in-
cludes three views of the EHR:

 • An institutional/provider EHR that is similar to what most people recog-
nise today as the medical record

 • A population health record that is defined regionally and linked nationally
 • A personal health record

For most institutions in the United States today, institutional/provider data
exists primarily in paper form, and even if electronic, it is not linkable and
shareable with other systems. The relationship of the EHR to the ordering process
(CPOE and ePrescribing systems), the Hospital Information System, ADT sys-
tems, departmental systems, etc. as well as different settings (e.g. inpatient care,
outpatient care, nursing homes, intensive care, emergency departments) must be
considered. This record also serves the purposes of credentialing, billing, report-
ing and administrative management including staffing.

The “population view” serves the need for public health in health surveillance and
monitoring for bioterrorist events. This population health record, a summary record
derived from the multiple points of care, can also serve research purposes for the
better understanding of prevalence of disease as a function of many environmental
factors such as geography, weather, occupation, etc., and understanding differences in
treatment and outcomes. The population record will also serve as a communicator,
with the person’s permission, among all the providers involved in a person’s health.
The consumer should be able to control and monitor access to this record.

The final view is the personal health record, which is growing in popularity in
the United States. Throughout all of these views, the focus is patient-centric.
Exactly what is meant by this term is still being discussed, but essentially it means
the focus is on the patient. It means that data is independent of the source and
input, the storage and the presentation. The data is accumulated and analysed to
provide a current view of a person’s health status as well as a predictor for future
events. With this focus on the patient, however, it is important to note that there
are many other uses of the EHR including a provider-centric view.

Given these visions of the EHR, it is obvious that interoperability for the
interchange and sharing of data and the necessary underlying infrastructure are
fundamental requirements. It should also be obvious that the term EHR really
implies an EHR system, not just a data repository, although that is an important
component.

STANDARDS DEFINED TO PERMIT DATA SHARING AND
INTEROPERABILITY

In order to create effective policies for interoperable IT healthcare systems, we
must first create a shared, national vision that defines an operational framework
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for accomplishing the goals of a comprehensive, person-centric EHR. It is clear
that this vision must include a national infrastructure that will support the link-
ing and sharing of data. Interoperability requires the creation, adoption and
implementation of the necessary set of data standards. The Connecting for Health
Initiative has just completed a nine month project focused on accelerating the rate
of adoption of national clinical data standards throughout the nation’s healthcare
system in order to facilitate interoperability3. That report identifies operable stand-
ards, presents the value proposition, and addresses a migration strategy.

If data is to be aggregated across multiple sites of care for each individual, the
most effective, error free method of linking the data is a unique personal identi-
fier. This is a sensitive issue, but the public must be educated to understand the
inherent value of such an identifier. It is also very important to establish levels of
privacy and security and control of data that reduce the risk of misuse of such an
identifier.

Today’s electronic record systems have been developed in an evolutionary
manner over many years. Technology has changed and concepts have changed.
Systems were not designed with data sharing, integration and aggregation, and
interoperability in mind, particularly beyond the institution. Standards are nec-
essary for data sharing. Some have been developed; others are being developed;
and others are yet to be developed. Operationally ready are the Health Level 7
(HL7) Reference Information Model, data types, and the HL7 V2.n and evolving
V3 data interchange standards. In development are the Clinical Data Architec-
ture, Clinical Templates, Clinical Guidelines and Decision Support Algorithms,
and a functional model for the EHR for various clinical settings. Other operable
standards include Digital Imaging and Communications in Medicine (DICOM)
for imaging, the Accredited Standards Committee X.12 transactions standards as
required by the Health Insurance Portability and Accountability Act, The Na-
tional Council for Prescription Drug Programs’ SCRIPT standard for electronic
drug reimbursement, and the Institute of Electrical and Electronic Engineers
(IEEE) x73 series of standards for medical device communication. The lack of a
single integrated terminology standard remains a major barrier for the aggrega-
tion of data across multiple sources. Major progress is being made in this area
with the U.S. Department of Health and Human Services/SNOMED agreement
to include SNOMED CT in the National Library of Medicine’s Unified Medical
Language System (UMLS) and make it available without cost in the United States.
Other terminologies include Logical Observation Identifiers Names and Codes
(LOINC), International Classification of Diseases (ICD) 9 and 10 with clinical
modification, Current Procedural Terminology, nursing terminologies and over
90 other terminologies. Efforts are now under way to map these various termin-
ologies into a single, integrated terminology.

These required standards can be grouped into six major categories. The first
category includes communication standards that are not specific to health and are
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independent of application. The second category defines the data standards that
are necessary clearly and unambiguously to define the full set of data elements
along with their definitions and attributes. Those attributes include the data type
and a valid terminology set. For complex data elements or data objects, a format
standard or clinical template must be defined to create valid constructs and per-
mit the decomposition of each complex data element into its composite parts.
HL7 has produced or is developing standards for much of what is required in this
area. Those standards, coupled with the creation of a single, integrated terminol-
ogy using as sources SNOMED CT, LOINC, RxNorm for drugs, the various
nursing terminologies, and others. The integrated terminology is likely to be a
product of the NLM’s UMLS. The HL7 standards include the Reference Informa-
tion Model, data types, clinical templates, and clinical data architectures. HL7 also
has begun work to identify the specific codes that would be available in a given
data file to satisfy the terminology constraints. The third group is associated with
the interchange of data among various organisations at institutional, enterprise,
regional, state, national or international levels. Existing standards include HL7’s
version 2.n and the emerging version 3; DICOM for imaging, and IEEE x73 series
for medical devices. The fourth category is associated with the electronic health
record in its various roles as a function of site, purpose and view. As previously
noted, the HL7 EHR SIG has started a process to create a technical specification
for the levels of functionality required for the EHR. The fifth category of stand-
ards is related to knowledge representation and the use of knowledge in decision
making. Again much work is being performed in HL7 by the Decision Support
Technical Committee in this area. The sixth and final category is associated with
application and includes such standards as disease registries.

THE FUTURE

Technology has finally exceeded the demand on what is required to make effective
use of health informatics to improve health and healthcare. We now need a plan
to rapidly involve all the stakeholders, to create and implement minimal systems
in all settings – whether solo practices or small 35 bed hospitals. We must include
the pharmacies, the nursing homes, home health, public health, employers, payers
and government into an integrated information communication technology envi-
ronment in which any provider always has at the point and time of care all
appropriate data about the patient and the knowledge to use that data effectively.
Access to both needs to respect the privacy and confidentiality of the person.
Systems need to maximise the use of decision support to apply the knowledge.
And finally, consumers need to become more active in the decision making proc-
ess of healthcare and in sharing responsibility for their own wellbeing.
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ABSTRACT

Objective: This paper discusses the necessity and decision to implement a Health Level
Seven (HL7) standard to enable healthcare data exchange between hospital information sys-
tems (HIS), laboratory information systems (LIS), and automatic medical instruments (MIs).

Design: The major design challenge in developing intelligent laboratory information serv-
ices is to enable distributed and heterogeneous medical instruments to be quickly, easily
and cheaply connected to the LIS and the HIS.

Setting: University Hospital in Taiwan.

Methods: We followed the HL7 v.2.4 standard to define the related laboratory HL7 mes-
sages and to use the HL7 Interface Engine (IE) to communicate between heterogeneous
systems and MIs. We used these to connect three Toshiba biochemistry machines to the
LIS and HIS.

Results: Connections were accomplished in less than one week compared to a previous
connection time of at least four weeks. The new system is able to process messages at
more than twice the speed of the old system. It is currently running smoothly, handling
almost 10,000 tests each day. Data exchange between the MIs, LIS and HIS is reliable,
accurate and complete.

Conclusions: We have demonstrated that our approach is feasible and works in practice.
We now plan to extend this approach to other medical instruments. Once we are assured
of its reliability and applicability to a wide range of different MIs, we will promote our ap-
proach to other medical institutions. A flow chart is presented to aid other healthcare insti-
tutions decide if they should adopt HL7 to connect their medical instruments to their
laboratory and hospital information systems.
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INTRODUCTION

Hospital software development is becoming increasingly complicated. Hospital
system requirements for web-based, client/server and legacy applications, com-
bined with support for multiple platforms, and sophisticated end-user
functionalities have forced information system developers to pursue and adopt
new approaches including integrated architectures, such as medical information
exchange and medical application services1,2

One of the major problems encountered with data exchange between different
healthcare information systems is the lack of a uniformly accepted standard.
Unlike standards used for general data exchange in businesses such as insurance
and banking, these standards have to be directly designed for healthcare data
exchange. As a consequence there are several popular data exchange standards in
use around the world. Some of these and their developers are listed below:

Arden Syntax from Columbia University and HL73

Clinical Context Object Working Group (CCOW) from HL74

Clinical Document Architecture (CDA) from HL75,6

ASTM-E31 from the American Society for Testing and Material (ASTM)7

DICOM-3 from the National Electrical Manufacturers Association (NEMA)8

SNOMED from the College of American Pathologists (CAP)9

LOINC from the Regenstrief Institute10

CORBAmed from the Object Management Group (OMG)11

ActiveX for healthcare from Microsoft12

X12N from the Accredited Standards Committee (ASC)13

The choice of which standard to adopt requires careful consideration. Use of a
well-defined and widely-acceptable medical data exchange standard is crucial to
ensure both long-term use and to allow for the possibility of future develop-
ment14,15. HL7 has been specifically developed for transmitting text messages
among healthcare information systems and is widely used around the world. This
standard was thoroughly tested at the National Taiwan University Hospital
(NTUH) before the decision to incorporate it as the standard for the hospital’s
information infrastructure was made16.

Careful consideration also needs to be given to the choice of interface used for
connecting the laboratory information system to the heterogeneous medical in-
struments (MIs). We initially proposed using our own NTUH Laboratory
Instrument Communication Interface (NTUH/LICI) standard for this purpose.
This standard was developed over a 3-year period and implemented at NTUH in
June 1999. As shown in Figure 1, it uses two file queues to handle the data
exchange between the Laboratory Information System (LIS) and MIs. At NTUH it
has been used to connect 40 MIs with our LIS. The process rate is about one
message per second. The size of each command sent from a PC to an MI is
approximately 130 bytes and the size of the result sent from the MI to the PC is
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approximately 415 bytes. This file queue process mode is suitable for slow-speed
MIs, but not for high-speed MI requirements. Our experience has also shown that
each time a new MI is connected it takes at least one man month for planning,
coding and testing. After careful consideration we decided that it would be better
to use an internationally accepted interface. We felt that in the long-term this
would offer significant advantages including simplifying and speeding up the
connection process.

METHODS

In January 2003 our largest automatic biochemistry instrument, the Hitachi 7450,
was replaced by three new Toshiba models (two TBA-200FR and one TBA-120FR).
Using the accepted HL7 standard we managed to connect these three MIs to the
LIS and HIS within one week. The connection pathways are shown in Figure 2,
and technical details are given in Appendix A.

The steps involved in processing a sample can be summarised by the following
four stages:

1. A doctor inputs laboratory orders into the HIS, and the HIS passes the
message to the LIS.

2. When the specimen is received, a laboratory technician logs in the labora-
tory order entry in the HIS.

3. LIS transmits the information for a specific order to a specific MI which
processes the specimen, generates a report and sends it back to the LIS.

Figure 1. Laboratory Instrument Communication Interface (LICI) at National Tai-
wan University Hospital (NTUH)

This uses two file queues to handle the data exchange between the Laboratory Information System
(LIS) and the Medical Instrument.
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4. The laboratory technician or doctor releases the laboratory report to the
HIS.

Data exchange using the HL7-Interface Engine (HL7-IE) gateway solution
between the HIS, LIS and Toshiba MIs was evaluated for 13 days in February and
March 2003. The results are shown in Figures 3 and 4.

RESULTS

All three Toshiba MIs were connected to the LIS and HIS without difficulty within
a one week period in February 2003. Since this connection was the first prototype
attempt in Taiwan, the Toshiba MI connection interface implementations were
provided free of charge by the vendors. However, due to the quicker connection
time the new HL7 connection method should be cheaper than the old connection
method which costs approximately US$2,000 for each MI. Currently the system is
working well handling an average of 31,267 tests per day for all laboratory orders
and 9,725 tests per day for the Toshiba MIs. Data exchange between the MIs, LIS

Figure 2. Detailed data exchange flow between the Hospital Information System
(HIS), Laboratory Information System (LIS) and Medical Instruments (MIs)

The dashed vertical line delineates the use of two different solutions. The right-hand side uses the
HL7-IE (Health Level 7-Interface Engine) gateway solution and the left-hand side uses the Sybase
gateway solution. IBM-HPx: represents the use of HL7 programs at IBM (International Business
Machines) mainframes; IBM-APx: represents the use of adapter programs at IBM mainframes; LIS-
SPx: stored procedures at LIS; LIS-APx: adapter programs at LIS; LIS-HPx: the HL7 programs at
LIS; and TSB-HPx: the HL7 programs for the Toshiba medical instrument system. Appendix B gives
a table comparing the HL7-IE gateway and the Sybase gateway solutions.
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and HIS is reliable, accurate and complete.
Figure 3 shows the number and size of HL7 laboratory report messages passing

between the LIS and Toshiba MIs on 13 individual days. The LIS MessageOut
represents data passing from the Toshiba MIs to the LIS whereas the LIS MessageIn
represents the corresponding acknowledgement message from the LIS to the Toshiba
MIs. In the absence of errors or reject messages, the number of messages between
these two systems should be exactly the same. The number of messages sent each
day between these two systems is identical except for one day (day 10) where they
differ by 1 message. There is, however, a notable difference in the size of the mes-
sages. Messages sent from the MIs to the LIS are approximately 2.7 times bigger than
messages sent from the LIS to the MIs (337 bytes vs. 125 bytes respectively).

Figure 4 shows the number and size of HL7 laboratory order messages passing
between the HIS and the LIS over the same 13 days. The HIS MessageIn repre-
sents laboratory order messages passing from the HIS to the LIS and the HIS
MessageOut represents the corresponding acknowledgement message from the
LIS to the HIS. There are small differences in the number of messages passing
between these two systems on three days (days 5, 10 and 11). There is a much
larger discrepancy of 23 messages on both days 7 and 8. However, it should be
noted that there were more messages in than out on day 7, whereas on day 8 the
converse is true. It is possible that this discrepancy is an artefact related to the
timing of collection of data as the number of messages passing between these two
systems is exactly the same for the two days combined. Each message passing from

Figure 3. Data exchange using HL7-IE gateway for laboratory tests between the LIS
and MIs
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the HIS to the LIS is roughly 3.5 times the size of the message passing from the
LIS to the HIS (394 bytes vs. 114 bytes respectively).

DISCUSSION

Automation of healthcare systems and processes within a hospital is desirable to
improve the efficiency of healthcare. This is a major challenge due to a combina-
tion of disparate distributed systems, a wide variety of data both in text and image
format and no universally accepted standards for data exchange. A fundamental
first step in dealing with the problem is realising and dealing with the challenges
of system selection, implementation and maintenance.

As mentioned earlier there are a number of different healthcare data transfer
standards in use around the world. To connect a wide range of medical instru-
ments it is necessary to choose standards that will allow data exchange in text
format (e.g. biochemistry results), image format (e.g. x-rays) or a combination
(e.g. electrocardiogram). In the healthcare setting, well recognised and widely
used standards are HL7 for text transfer, and Digital Imaging and Communica-
tions in Medicine (DICOM) for image transfer.

Selection of the most appropriate standard is important to enable simplified,
quick, and reliable connections to a wide range of heterogeneous instruments, e.g.
laboratory, radiology, echocardiography, and electrocardiogram. The choice of

Figure 4. Data exchange using HL7-IE gateway for laboratory tests between the HIS
and LIS
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standard should ideally be well-established, widely used, durable and allow for
future expansion.

For the reasons given above we chose to use HL7 standards for data exchange,
including replacing our own NTUH/LICI standard with the HL7-IE to manage
and route messages. Using these standards we successfully managed to connect
three automatic biochemistry machines to the LIS and HIS systems in our hospi-
tal. Currently, the system is running smoothly and we now plan to extend this
approach to other heterogeneous medical instruments at NTUH. Based on our

Figure 5. Decision tree to help decide if the HL7 standard should be used to connect
medical instruments with laboratory and hospital information systems

The decision tree is based on our planning, decision and implementation experience with HL7 at
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experience we have produced a flow chart (Figure 5) to help chief information
officers (CIOs) decide if they should implement HL7 to connect MIs to the LIS
and HIS in their organisation.

The approach we have taken has worked well in our hospital with the three
connected Toshiba instruments. However, before we can recommend other medi-
cal institutions adopt it, further work is required to establish its applicability and
reliability with other heterogeneous MIs. Planned work includes:

1. Connection of other laboratory medical instruments.
2. Connection of other medical instruments, e.g. electrocardiogram, ultra-

sound, and x-ray machines.
3. Identification of the best HL7-IE gateway backup solution.
4. Improvement of the speed-up issue.
5. Implementation of a security module for Internet data exchange.
6. Introduction of a variable-length message passing method to replace the

fixed-length one.
Finally we would like to quote Stanley Huff, a senior medical informaticist at

International Health Care, Salt Lake City, Utah and the previous chairman of the
board of directors of HL7: “If CIO’s know how to implement standards, then they
could reduce the costs and improve the speed of installation of electronic medical
records systems.”17 We believe the work in this paper confirms the value of this
statement.
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APPENDIX A

Technical details of the data exchange between MIs, LIS and HIS at NTUH.
1. A clinical doctor keys in laboratory orders from HIS at an IBM mainframe

3270 terminal. A laboratory technician confirms the specimen is received
and logs in the laboratory order entry at HIS. HIS then calls the IBM-HP3
program to pre-process the order entries into an HL7 (ORU^R01) message
and passes this message to LIS at HP-370D. LIS uses LIS-HP3, a
PowerBuilder program, to receive this HL7 message automatically. After
that, LIS-HP3 is called to retrieve the HL7 message, to parse it and to call
another database stored procedure (LIS-SP3) to store the related informa-
tion in our LIS database.

2. LIS transmits the information for a specific order item to a specific MI. For
example, LIS can call a PowerBuilder program (LIS-HP6) to group the HL7
(OML^O21) message and send it to a Toshiba biochemistry instrument.
This Toshiba biochemistry instrument will use a Visual Basic program
(TSB-HP6) to receive and parse the HL7 message and pass it to corre-
sponding medical instruments.

3. The specific MI processes the specimen, generates some reports, and then
sends these reports to LIS. For example, the Toshiba biochemistry instru-
ment will call a Visual Basic program (TSB-HP7) to create an HL7



Cheng, Lai, Shyu et al

340 The Journal on Information Technology in Healthcare 2003; 1(5): 331–342

(ORL^O22) message which contains the laboratory report and to send this
message to LIS. Then LIS will use LIS-HP7, a PowerBuilder program, to
receive and parse the HL7 message. Finally, LIS-HP7 will help to save
related laboratory reports into the LIS database.

4. When a laboratory technician or a doctor wants to release the laboratory
reports to HIS, LIS can call a PowerBuilder program (LIS-HP4) to collect
the report, to group it into an HL7 (ORL^O22) message, and to send this
message to HIS. HIS uses a corresponding IBM COBOL program, IBM-
HP4, to receive and parse this HL7 message, then to save this report to the
IBM IMS hierarchical database.

APPENDIX B

Comparison between the new HL7-IE gateway and the original Sybase gateway
solution from the viewpoint of laboratory medical instrument connections

We used several different programming languages to achieve our HL7-IE gate-
way solution. These were IBM COBOL, PowerBuilder, and Visual Basic. We also
tried other programming languages to achieve system integration, including Java,
and JavaServer Pages (JSP). We would recommend that newly created systems run
in a Java platform.

HIS side
(IBM mainframe)

LIS side

MI side

Flow 1: Sybase gateway is used to support
NTUH’s own-defined data exchange mes-
sages and standard, LICI.

1. The COBOL programs for the Sybase
OpenClient and OpenServer programs
are hard to write.

2. The codes are hard to debug.

1. The PowerBuilder programs and the
other open system programming lan-
guages are almost the same at both so-
lutions.

2. Have to write codes to group and parse
the NTUH’s own-defined data exchange
messages.

1. Use NTUH’s own-defined LICI data ex-
change standards.

2. Limited speed. One message per sec-
ond at most (60 per minute).

Flow 2: HL7-IE gateway is used to support
HL7 and other world-wide standards.

1. The COBOL APPC programs for HL7-IE
are easy to write.

2. The codes are neat.

1. The PowerBuilder programs and the
other open system programming lan-
guages are almost the same at both so-
lutions.

2. Have to write codes to group and parse
the HL7 messages.

1. High speed. Up to 150 messages per
minute. Because of the different perform-
ance of the MI programs which are de-
signed by different vendors, the program
execution speed is limited by the MI re-
ceiving programs. Currently, the maxi-
mum throughput of the Toshiba MI side
at NTUH is 150 messages per minute.
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APPENDIX C

APPC (Advanced Program-to-Program Communication) also called LU 6.2. It is
a communication protocol and programming interface standard that oper-
ates in the presentation and session layers of the open systems interconnection
communications model.

COBOL (Common Business Oriented Language) was the first widely-used high-
level programming language for business applications. The language has
been in use for thirty five years, and has been superseded by newer languages.
Programs written in COBOL are viewed as legacy applications run in ma-
chines, such as IBM mainframes.

DICOM (Digital Imaging and Communications in Medicine) is an application
layer network protocol for the transmission of medical images, waveforms
and ancillary information. It supports a wide range of medical images across
the fields of radiology, cardiology, pathology and dentistry.

IE (Interface Engine) is a gateway which can connect and communicate among
application systems and acts as an integrating solution inside an enterprise. It
serves to transform and route data.

IMS (Information Management System) is a transactional and hierarchical data-
base management system for critical operational and e-business applications
and data developed by International Business Machines (IBM). It enables
information integration, management, and scalability.

Java is a programming language that is designed for use in the distributed envi-
ronment of the Internet.

JSP (Java Server Page) is a technology for controlling the content or appearance
of web pages through the use of servlets. These are small programs that are
specified in the web page and run on the web server to modify the web page
before it is sent to the user who requested it.

LIS (Laboratory Information Systems) process and manage laboratory speci-
mens. LIS functionalities should include specimen registry, instrument
alignment/connection, report submission, quality control/assurance, statis-
tics reports, etc.

LICI (Laboratory Instrument Communication Interface) is the first and locally
defined version of the laboratory instrument communication interface in-
troduced in National Taiwan University Hospital in 1997.

OML is an HL7 laboratory order message that may be used for the communica-
tion of laboratory and other order messages and must be used for laboratory
automation messages. Details can be found in section 4.4.6 of HL7 v2.4.

ORU is an HL7 unsolicited observation message that is designed to accommodate
the laboratory processes of a laboratory automation system. The ORU mes-
sage is fully supported by HL7 for transmitting laboratory results to other
systems. Details can be found in section 7.3.1 of HL7 v2.4.
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ORL is an HL7 general laboratory order response message. The function of this
message is to respond to an OML message and serves as the application
acknowledgment to an OML message. Details can be found in section 4.4.7
of HL7 v2.4.

PowerBuilder is a popular rapid application development tool for building ob-
ject-oriented programming client/server applications.

SP (Stored Procedure) is a set of structured query language statements with an
assigned name that is stored in the database in compiled form so that it can
be shared by programs.

Visual Basic is a programming environment from Microsoft in which a program-
mer uses a graphical user interface to choose and modify the code which is
written in BASIC programming language.



343

Synthesising the Technologies of Web Services and
Intelligent Agents to Build an HL7/XML-Based
Infectious Disease Reporting System

Ruey-Kei Chiu†, Chih-Yung Yang†, Chia-Ching Huang‡,
Kuo-Ching Tsai‡, Chien-Lung Chan*, Kevin Chang**

† Departments of Information Management, Catholic Fu-Jen University, ‡ Catholic Cardinal Tien Hospital,
* Yuan Ze University and ** Center for Disease Control, Taiwan.

HT
I J

Correspondence and reprint requests: Dr Ruey-Kei Chiu, Department of Information Management,
Catholic Fu-Jen University, Hsing-Chuang City, Taipeia County, Taiwan, ROC.
E-mail: im1004@mails.fju.edu.tw.

© The Journal on Information Technology in Healthcare 2003; 1(5): 343–355

ABSTRACT

Objective: To combine HL7/XML with the technologies of Web services and intelligent
agents to implement a national infectious disease reporting system.

Design: Development of a system for automatically and directly reporting diagnosed infec-
tious  cases  to a remote special authority.

Setting: The system was implemented in the Catholic Cardinal Tien Hospital in Taiwan,
with reports being sent directly to the Center for Disease Control (CDC) also located in
Taiwan.

Methods: The system utilises intelligent software agents and the World-Wide Web.  Inside
the hospital, the system is linked to the hospital’s health information system in a loosely
coupled manner that does not require any modification of the original hospital information
system. The intelligent agents scan the hospital database for new cases of infectious dis-
eases. When they find one they obtain specified information and prepare a report. The re-
port is sent to the CDC via the Web exploiting the technologies of HL7/XML and intelligent
agents. The whole process can be done automatically without the need for human inter-
vention.

Results: We managed to successfully use the system to send daily reports to the CDC of
infectious cases diagnosed at Catholic Cardinal Tien Hospital.  The time from diagnosis of
infectious cases to notification of the CDC was a few minutes. This is a significant improve-
ment compared to the time taken with traditional manual reporting techniques using paper,
telephone and facsimile machines.

Conclusions: We have demonstrated that the system can automatically perform surveil-
lance and reporting of infectious diseases to the CDC with increased efficiency. A key fea-
ture of the system is that it reduces human workload as most of the work is done
autonomously, including retrieval of data, preparation and sending of reports. With modifi-
cation the system could be used for other healthcare data exchange purposes.
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INTRODUCTION

Taiwan is a subtropical country with a hot and humid climate predisposing to the
spread of infectious diseases. In recognition of this and the potential threat to
public health the government created a central authority, the Center for Disease
Control (CDC) to prevent and control the spread of infectious diseases. Efficient
and effective prevention of disease spread requires early identification and notifi-
cation of infectious diseases. To aid this the Taiwanese Government has passed
laws and regulations that require sanitary and public health institutions to imme-
diately report to the county’s public health bureau any suspected cases of infectious
disease. Local healthcare personnel trace these cases and pass the relevant infor-
mation to the CDC. The CDC  has the task of analysing the data and if necessary
implementing necessary measures to control and prevent the spread of infection.

Until now this reporting has been done by humans and the main media used
for communication is the telephone or facsimile. This is not a very efficient
system. It involves several personnel which may result in a significant delay before
the information actually reaches the CDC. To prevent the spread of infectious
diseases, action should be taken as soon as possible. The current system also
requires re-entry of data which creates unnecessary work and introduces the
possibility of transcription errors.

Developments in information technology offer the potential for improving the
efficiency and reducing the workload for those involved in reporting and dealing
with infectious diseases. In particular it offers the ability to produce a streamlined,
integrated infectious disease reporting system. In this research project, we pro-
pose the development of a national, integrated system framework that will enable
efficient and effective disease reporting in Taiwan. The system will enable infor-
mation systems at hospitals and other healthcare institutions to communicate
directly with the information system located at the CDC using a common mes-
sage schema. The successful development of such a system could be adapted for
the transfer of other inter-organisational healthcare messages, e.g. patient refer-
rals or insurance fee claims.

The proposed project uses three main technologies:
 • Workflow systems
 • Intelligent agents
 • Web services

The key features of these three technologies will be briefly described.

WORKFLOW MANAGEMENT

Workflow has been defined as “The automation of a business process, in whole or
part, during which documents, information or tasks are passed from one participant
to another for action, according to a set of procedural rules1”
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 Workflow emphasises the coordination of tasks by highlighting their interde-
pendence. Workflow management systems (WFMs) build upon traditional
workflows. Their activation reduces human workload and gives great control over
the workflow. WFMs can integrate resources dispersed throughout an organisa-
tion and also coordinate activities to achieve more efficient and cost-effective
services.

Workflow management systems have several benefits2. They:
 • Prevent work being misplaced or stalled
 • Allow managers to focus on staff and business issues, rather than routine

tasks
 • Ensure that procedures are formally documented and exactly followed.

Consequently work is performed in a planned manner to meet business
and regulatory requirements

 • Select the best person (or machine) to do each task, and prioritise so that
the most important tasks are assigned first

 • Enable parallel processing, so that two or more tasks are performed concur-
rently. This is far more practical than a traditional, manual workflow

INTELLIGENT SOFTWARE AGENTS

Software agents usually bring great benefits in handling routine and repetitive
tasks. The primary property of intelligent software agents is one of autonomy, i.e.
they can continuously monitor and react to changes without the need for human
intervention3,4. Other critical properties of software agents are proactiveness, so-
ciability and reaction5. Software agents exhibiting these abilities can be self-inte-
grated, independently functioning or inter-coordinated to solve specific problems.

AGENT-BASED WORKFLOW MANAGEMENT

Figure 1 illustrates how intelligent agents are deployed in workflow management
based on the And/Or concept6. To achieve an agent’s goals, there is interdepend-
ency between Agent1 and Agent2 – they have to cooperate to complete some
specific tasks. For example, G1

1(Goal (1,1)) is the goal of Agent1. To achieve this
Agent1 needs G1

1,1 or G1
1, 2 to access the required resources represented by d1

1.
Each agent has its own specific abilities, is assigned to a chosen task and plays a

crucial role in solving specific organisational problems. In a dynamic inter-or-
ganisational workflow management system, four types of software agents are
recognised:

 • Process
 • Service
 • Monitor
 • Discovery



Chiu, Yang, Huang et al

346 The Journal on Information Technology in Healthcare 2003; 1(5): 343–355

The process agent is responsible for designating tasks to service agents. Discov-
ery agents are requested by process agents to search for appropriate service agents
to perform specific tasks. Service agents possess specific abilities and are responsi-
ble for performing the tasks. Once a task has been performed, a return message
corresponding to the status of execution is returned and received by a monitor
agent.

WEB SERVICES

Web services are the paradigm shift of distributed object technology. Through the
use of software components it is possible to loosely couple information systems
effectively and rapidly, irrespective of their platform or language. The technology
of Web services speeds up the integration of computer systems, both within and
outside an enterprise, including incorporating legacy systems. Basically, Web serv-
ices are a user-centred model, with users searching for services in accordance with
their own needs. The service model is passive and user-driven.

 Web services contain three participating roles, namely:
 • Service provider
 • Service registry
 • Service requester

Service providers provide Web services and register them on a service registry.
A service requester searches the registry for particular services and accesses them
using defined protocols (e.g., Simple Object Access Protocol). These protocols

Figure 1. And/Or goal structure10
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enable access without being blocked by firewalls. An explicit interface is provided
using Web Service Description Language. This interface is based on XML and
contains the return values, parameters, method names, protocols, and IP (Inter-
net protocol) address for external programs to access the remote Web services7.

MATERIALS AND METHODS

HL7 standards8 have been created and released to enable medical and healthcare
professionals to communicate with each other using a consistent and unique data
format and message schema. The flow of data is the core process underlying the
effectiveness of any communication.  A fundamental issue is achieving rapid and
effective data flow, both within an institution and between different institutions.
In our research, we adopted the HL7 standard to act as a criteria of message
exchange schema between the Catholic Cardinal Tien hospital and the CDC for
the infectious disease reporting system.

Table 1 shows the message structure of ORU^R01 (Observation Reporting
Unsolicited) used for this implementation. This was released as HL7 version 2.4 in
the year 2000. Observation Reporting format regulates the process of sending

Table 1. ORU^R01 message structure

MSH Message Header
{
     [
          PID Patient Identification
             [PD1] Additional Demographics
             [{NTE}] Notes and Comments
          [PV1 Patient Visit
             [PV2]] Patient Visit – Additional Info
     ]
          {
             [ORC] Order Common
             OBR Observation Request
                  ZLR Additional Info for Lab-Based

Reporting
                       {[NTE]} Notes and Comments
                           {
                                 [OBX] Observation/Result
                                       {[NTE]} Notes and Comments
                           }
             {[CTI]} Clinical Trial Identifier
          }
}
[DSC] Continuation Pointer
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structured patient-oriented clinical data from one computer system to another8,
in either the same or a separate medical institution. Observation Reporting Unso-
licited mode is used primarily to transmit the values of new observations.

Figure 2 shows how a diagnosed infectious disease case in the hospital triggers
ORU^R01 (Observation Reporting Unsolicited) to transmit a set of data to the
Center for Disease Control (CDC). When the CDC receives the message, it re-
turns an ACK^R01 (Acknowledgement) message with the structure shown in
Table 2 to confirm receipt of the report.

The primary aim of the project was to achieve automation within the hospital
by the use of an intelligent agent workflow management system within the hospi-
tal and Web services outside the hospital. The latter are essential to enable the
automatic sending of the report to the CDC. Our automatic inter-organisational
workflow architecture model is shown in Figure 3.

Inside the hospital, we used autonomous agents to establish active, unsolicited
messaging. To achieve this goal, we created four kinds of agents, namely:

 • Global Control Unit Agents (GCA)
 • Delegation Agents (DA)

Figure 2. ORU^R01 reporting context

CDC

Hospital

Firewall

Firewall

ORU^R01 report

ACK^R01 response

Context of Infectious

Disease Reporting

Table 2. ACK^R01 message structure

ACK^R01 Acknowledgement

MSH Message header

MSA Message acknowledgement
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 • Sensing Agents (SA)
 • Transmitting Agents (TA)

The Web Service component (WS) is located outside the hospital and pro-
vided by vendors and third parties. GCA retrieves the workflow specification
given by the system administrator. According to the instructions given by the
system administrator, the GCA assigns tasks to a DA and a SA. The SA is in charge
of monitoring the target database. When it finds a new case it creates a new
process tuple (an ordered set of values). DA judges the workflow pattern and
produces the destination HL7/XML files. TA is responsible for the interactions
with the remote WS, and confirms the completeness of the transmission flow, or
in the failure to do so whether the process needs to be restarted or aborted.
Through the combination of replaceable agents, enterprises have the flexibility to
alter the way that messages are exchanged, the partners whom they cooperate with
and also to adjust the contents of the message to individual specifications. In
addition, through the help of the flexible-changed workflow specification it is
possible to add or remove processes, cooperate with new agents or remote WSs.
The system has the flexibility for changes to be made in response to developments,
both in the internal and external environments.

Workflow specification may influence the execution of the process and result
in different outcomes. Our workflow model is represented as a tuple W depicted
below;

W = {Type, DataSource, Priority, Destination, Local_service_name,
 Executable_Time, InnerConfirm, Directory, Url, Note };

Figure 3. Conceptual model
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RESULTS

To demonstrate the feasibility of our framework, we developed a system for
reporting infectious diseases from Catholic Cardinal Tien Hospital to the CDC.
The entire process and the agents involved in the reporting flow are illustrated in
Figure 5.

The individual sequence steps to achieve the reporting process shown in Fig-
ure 5 are as follows:

Figure 4. Example of workflow specification with table describing the elements in the
workflow specification

Item Contents

type
Inter-organisational flow types, such as infectious disease reporting, 
patient referral, insurance fee claims, etc. 

datasource Data source from the hospital’s main database 

priority Priority of a certain flow (1(min)–10(max)) 

destination
The destination where the data is to be transmitted to (e.g. CDC, another 
hospital, National Bureau of Health Insurance, etc.) 

local_service_name 
The class name of the transmitting agent, for the purpose of dynamic  
binding

executable_time The allowance of executable times for a certain workflow 

innerconfirm  
Used to judge if the flow type is automatic type or requires human 
intervention

directory The temporary directory for storing HL7/XML data 

url The Unique Resource Location of a remote Web service (endpoint) 

note Notes for conditions 
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Figure 5. Process and agents involved in automatically reporting a case of infectious
disease diagnosed in the Catholic Cardinal Tien Hospital to the Center for Disease
Control (CDC).

SOAP= Simple Object Access Protocol.

0. The infectious disease reporting process is initiated by the system admin-
istrator editing the workflow specification to create, modify or delete the
workflow processes.

1. & 2. The GCA designates tasks to the appropriate DA and SA. The SA senses
any new cases of infectious disease reported in the HIS. If it finds one the
SA creates a new process tuple, whose functionality is to enable communi-
cation between different agents. The executing status information is stored
in the process tuple. The DA classifies the workflow into automatic or
human intervention types depending on whether the data need human
verification before being sent out. If this is not required, the flow type is
automatic, and the DA creates a relative HL7/XML file automatically and
transmits data autonomously.

3. & 4. The DA analyses the workflow type and decides which document to cre-
ate, the destination for it and which TA to use to send it.

5. & 6. The selected TA is activated to carry out the task of sending the report (in
HL7/XML format) to the CDC. At this stage, WSDL is a great help for
dynamic binding to trigger the passive Web services located at the CDC.
After the CDC receives and processes the message, it returns an acknowl-
edgement message to the hospital. In response to the return message, the
process tuple confirms completion of the reporting flow for this event. It
is then reset to allow activation of the next reporting event.

Using the system we have been able to successfully report on a daily basis
suspected infectious cases diagnosed by the doctors of Catholic Cardinal Tien Hos-
pital to the CDC. All cases when they are diagnosed are written by the hospital’s
health information system into an intermediate database that is shared by the
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reporting system. The reporting system is set periodically and automatically to pick
up newly diagnosed infectious cases from the intermediate database. The reporting
form and the message received by the CDC are illustrated in Appendix A (in
Chinese). They are immediately manipulated by a peer system at the CDC side. The
accuracy and completeness of the message is checked, and immediate action is
taken by the CDC’s infectious disease controller who handles the case. Thus, this
reporting process is effectively done with little human involvement and interven-
tion, although the successful transmission and receipt of a message by the CDC
should be confirmed by hospital staff examining the acknowledgement message.
Cases sent can also be confirmed using the audit interface shown in Figure 6.

DISCUSSION

Infectious diseases are a constant threat to public health. The recent Sudden Acute
Respiratory Syndrome (SARS) epidemic confirms this and also demonstrates the
catastrophic human and financial consequences of delayed or ineffective initial
action. To try to prevent or limit the effects of such epidemics it is essential that
cases of infectious diseases are notified to the relevant authority as soon as possi-
ble. In Taiwan the Center for Disease Control is responsible for preventing and
controlling the spread of infectious diseases.

Reporting to the CDC is currently done in an inefficient manner using tel-
ephones and facsimile machines. This method involves several personnel and also
the re-entering of data. A more efficient system would enable data to be automati-
cally sent to the CDC as soon as the diagnosis of an infectious disease is made.

We have demonstrated how this can be achieved in practice through a combi-
nation of intelligent agents and Web-based services. Our framework effectively
integrates with the HIS inside a medical institution and communicates with exter-
nal organisations. The model should be easily adoptable for use by other
organisations as its design, including the use of HL7/XML standards, will over-
come many of the problems of heterogeneous platforms, data types and coding

Figure 6. The audit user interface
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systems used by different institutions. The system also has the flexibility to be
modified to the particular needs of an organisation. The framework could be used
to model other kinds of medical message transferring applications such as insur-
ance fee claims. We believe that the system has the ability to greatly improve the
efficiency of healthcare data transfer but further evaluation of its benefits are
required.

REFERENCES

1 Workflow Management Coalition (WFMC). Workflow management process interface-
XML process definition language. http://www.wfmc.org/standards/docs/xpdl_010522.pdf.

2 The Workflow Management Coalition Specification. Workflow management coalition ter-
minology & glossary. WFMC-TC-1011, Issue 3.0, Feb. 1999.

3 Jennings, NR. On agent-based software engineering. Artificial Intelligence 2000; 177: 277–
96.

4 Shoham H. Agent oriented programming. Artificial Intelligence 1993; 60: 51–92.
5 Wooldridge MJ. Agents and software engineering. AI*IA Notizie 1998; XI: 31–37.
6 Jennings NR. An agent-based approach for building complex software systems. Communi-

cations of the ACM 2001; 44: 35-41.
7 Paul F, Sanjiva W, Rania K. Enterprise services. Communications of the ACM 2002; 45: 77–

82.
8 HL7 Standard Version 2.4 released by ANSI in Oct. 2000. http://www.ansi.org/.



Chiu, Yang, Huang et al

354 The Journal on Information Technology in Healthcare 2003; 1(5): 343–355

Document 
Header – PID

Hospital data 
(Hosp. Name, ID, 
Doctor Name, 
Telephone No., 
Address)

Simple reporting 
data (may be 
skipped) 

Patient data 
including patient 
name, sex, 
birthday, ID or 
passport ID. 

Patient medical 
record including 
record number, 
date, major 
symptoms, 
diagnosis  

Official Infectious 
disease data 
including four 
categories with 38 
types in total.  
Pick the correct
one when reporting 

Figure A. The format of the Reporting Form (in Chinese)

APPENDIX

The Reporting Form (Figure A) with its HL7/XML ORU message.



355

HT
I J

© The Journal on Information Technology in Healthcare 2003; 1(5): 343–355

An HL7/XML-Based Infectious Disease Reporting System

Figure B. HL7/XML ORU message corresponding to Figure A
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INTRODUCTION

In March 1995 the Taiwan government introduced the National Health Insurance
Program (NHIP) which covers most medical services. One consequence of this is
that if patients are not satisfied with the service or treatment they receive they
have the right to change their doctor or hospital. This happens fairly commonly
and creates the problem of ensuring that this action does not lead to a waste of
medical resources or introduce a financial burden to the NHIP. This would occur
if, for example, tests and investigations were unnecessarily repeated because the
new doctor did not have access to the results of investigations performed by the
previous doctor/hospital 1,2.

To prevent unnecessary repetition of tests and to effectively use existing medi-
cal resources it is necessary for healthcare providers and institutions to share
patient data held in their medical records. This can be achieved most effectively
and efficiently through the implementation of electronic medical records3.

An Open Source Intelligent HL7 Agent for Integrating
Laboratory Information
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ABSTRACT

Objective: To provide an accessible platform to easily exchange data using HL7 standards.

Design: Developmental process.

Setting: Clinical laboratories of three hospitals in Taiwan.

Methods: An open source intelligent HL7 agent that utilises a graphical user interface was
used to map and convert schema from a laboratory database to HL7 messages.

Results: We successfully managed to convert data from a laboratory database into HL7
messages using the intelligent agents.

Conclusion: We have shown that it is feasible to convert data from a laboratory database
into HL7 messages using an intelligent agent. This process can be applied to other forms
of data exchange. We recommend that, whenever possible, agents used for data exchange
should be open sourced.
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The Taiwan government is in the process of implementing electronic medical
records in all healthcare settings. The project began in 2002 and is expected to
take four years. A survey conducted in December 2002 showed that approximately
74% of primary care clinics and 90% of hospitals were computerised to some
extent.

 Having data in electronic format does not necessarily enable data to be ex-
changed between different healthcare providers. To achieve effective information
exchange and to use the exchanged information among different computer sys-
tems, standardisation of medical data and communication protocols is required.
The Health Level Seven (HL7) standards are designed to support system inter-
operability in the healthcare environment4. The standards cover, but are not limited
to, the following applications:

 • Admission/Discharge/Transfer (ADT)
 • Financial management
 • Patient care
 • Patient orders
 • Referrals

Currently more than 21 countries use the HL7 standard, confirming its accept-
ance as an international standard by both the healthcare industry and healthcare
providers.

With respect to Taiwan, to date few hospitals have implemented the HL7
standard in their hospital information systems. A recent survey of over 600 hospi-
tals in Taiwan found that only 10 hospitals (1.6%) had actually implemented HL7,
with a further 22 (3.6%) being in the process of implementation and 106 (17.2%)
planning to implement HL7. The vast majority (469 or 76.1%) were not planning
to introduce HL7 in the near future. One of the reasons for this is that hospitals in
Taiwan have a limited IT budget. Of the hospitals surveyed, 378 (61.4%) have an
annual IT budget of less than US$300,000 and less than five IT staff. Based on the
experiences of implementing HL7 in other hospitals it is clear that two factors will
be crucial to the successful implementation of HL7 in Taiwan:

 • Simplifying the HL7 user interface
 • Reducing the cost of installing the system

The main purpose of this study was to provide an accessible platform to
exchange data via HL7 standards. We proposed to do this by using intelligent
agent (IA) technology to implement a timesaving and cost-saving methodology.
We envisage that if this is successful it will minimise customisation and simplify
implementation. The use of intelligent agents reduces the need for knowledge
about HL7 and interfaces, and thus reduces the barriers to entry for the introduc-
tion of HL7. We decided to implement this technology for laboratory results
as they provide important objective information about a patient’s medical
condition.
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METHODS

Our research explored the HL7 message structure, the data structure of laboratory
information systems, the hierarchical relationship, schema-mapping (a schema is
essentially a vocabulary defined to describe data), integration methods and the
integration mechanism concerning the coding system. We proposed using OSIHA,
an open source intelligent HL7 agent that utilises a graphical user interface (GUI)
to map and convert the schema. OSIHA is designed to achieve a zero-line-pro-
gramming or modification of the laboratory application while introducing HL7
standards.

Health Level Seven (HL7) standardises the format and protocol for the ex-
change of medical data. These can be used to transfer different types of
information (including financial and patient related data, e.g. medical reports and
laboratory tests) between different computer systems in healthcare environments.
In Taiwan there are many commercial products available for HL7 and XML
(extensible markup language). These include LINKTOOL5, Symphonia6, and
Microsoft Biztalk7 with NEOTOOL Accelerator8. These products can achieve their
intended purpose but suffer from the following drawbacks.

 • They require the user to have basic knowledge of HL7
 • They require XML and other system integration related knowledge
 • The programs are not open sourced, i.e. it is not possible to study them.

This can cause concerns about the integrity and security of the applications.

THE CONCEPT OF INTELLIGENT AGENTS

Software intelligent agents have been widely used in providing computer support
for collaborative engineering. As an innovative technology, an intelligent agent
has been defined as an agent that can learn, plan and reason. An agent can handle
all messages defined by a protocol and also, depending on the protocol specifica-
tions, engage the service of other agents. For an agent, the message protocol to
other agents is the interface for receiving messages. For users, the agent may be an
application with a user-friendly interface and plenty of communicative functions.

OSIHA FRAMEWORK

The OSIHA framework is shown in Figure 1. The left OSIHA cube is the focus of
this research. The HL7 intelligent agent adapts to the Laboratory Information
System Database (LIS DB). It encapsulates the HL7 interface and possesses the
ability to:

 • Transform relational data format into HL7 messages
 • Store in-bound HL7 messages
 • Transform stored in-bound HL7 messages into the LIS database
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Figure 1. OSIHA architecture overview

After the implementation of an open source intelligent HL7 agent (OSIHA), the Laboratory Infor-
mation System Database (LIS DB) can interact with other systems through the HL7 interface. HIS =
Hospital Information System, ICU = Intensive Care Unit, RIS = Radiology Information System.

Figure 2. HL7 provides a one-to-many three level structure for laboratory
information

Each patient can have one or multiple laboratory tests ordered by a physician and each laboratory
test can have one or multiple results. For example a complete blood count (CBC) request will in-
clude values for the haemoglobin level (HGB), the haematocrit (HTC) and erythrocyte count (ETS).
OBR = Observation Request Segment, OBX = Observation/Result Segment and PID = Patient Iden-
tification Segment.
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HL7 AND LABORATORY INFORMATION DATABASE STRUCTURE

In HL7, the primary message for representing a laboratory data set is a three-level
structure as shown in Figure 2. This consists of:

 • PID (Patient Identification Segment) to present patient information
 • OBR (Observation Request Segment) to present laboratory requests
 • OBX (Observation/Result Segment) to present laboratory results

This design provides a one-to-many three-level structure, i.e. each patient can
have one or multiple laboratory tests ordered by a physician and each laboratory
test can have one or multiple results. For example, if a physician only orders an
ESR (erythrocyte sedimentation rate) test, he will receive a single value. If he,
however, also orders a CBC (complete blood count) test, he will, in addition,
receive the several values that comprise a CBC result (see Figure 2).

The entity relationship diagram of an unsolicited observation result (ORU)
message is shown in Figure 3. PV1 and PV2 represent patient visit information;
ORC represents order information; NTE represents comment information.

Figure 3. Entity relationship diagram for an unsolicited observation result (ORU)
message

Segments PID/PD1, OBR and OBX represent the core data sets of laboratory information. Some
specific scenarios might need PV1/PV2 to supplement PID/PD1 and ORC to supplement OBR. Each
segment has an NTE for notes about information which cannot be encoded. In the diagram, the
minimum and maximum of each entity have also been expressed, n means unlimited. PV1 = Patient
Visit Segment, PV2 = Patient Visit – Additional information segment, ORC = Common Order Seg-
ment, PID = Patient Identification Segment, OBR = Observation Request Segment, OBX = Obser-
vation/Result Segment, NTE = Notes and Comments Segment.
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Combining Figure 2 and 3, we can generate Figure 4. This shows that the tables
of Patient Data, Order Data, and Laboratory Report are generally comparable to
PID, OBR, and OBX respectively.

DATA TYPE ANALYSIS

The data type in LIS tables is primarily composed of CHAR (Character),
VARCHAR (variant Character), INTEGER, and DATATIME. These four data types
are the most fundamental and cannot be further subdivided. The data types of
messages in HL7 are more complex, with a total of 62 data types. The data types
in OBR messages are shown in Figure 5 and 6.

AGENT MAPPING ALGORITHM

As the data type between the HL7 message and the relational database are quite
different, OSIHA proposes an agential mapping algorithm to clarify the rules for
transforming the relational data structure into HL7 messages.

1. Looking for the Terminal Data Element
In Figure 7, all data types starting with the * sign (*Value type, *Identifier, etc) are
the terminal data elements. Generally speaking, the decision of the terminal data

Figure 4. A typical entity relationship diagram for a laboratory information system

The tables of Patient Data, Order Data, and Laboratory Reports can have a one-to-many relation-
ship. For example, the Order Data can link to the Patient table, Staff table, Physician table and Labo-
ratory Results table through the Patient ID, Order Date, Sequential Number, Technician Identifier
and Placer Identifier. Laboratory Results contains references to the Specimen table through a Speci-
men ID.



The Journal on Information Technology in Healthcare 2003; 1(5): 357–368 363

An Open Source Intelligent HL7 Agent for Integrating Laboratory Information

Figure 6. Important data types for HL7 messages in laboratory 2

The data type can be a sub-data type of another data type such as CE in this example. CM = Com-
posite, FN = Family Name. For other abbreviations see legend to Figure 5.

Figure 5. Important data types for HL7 messages in laboratory 1

There are three maximum sub-data types. The terminative sub-data type is always a string of num-
bers. CE = Coded Element, CQ = Composite Quantity with Units, CX = Extended Composite ID
with check digit, DR = Date/Time Range, EI = Entity Identifier, ST = String, IS = Coded Value for
User-Defined Tables, NM = Numeric, HD = Hierarchic Designator, TS = Time Stamp, ID = Coded
Value for HL7-Defined Tables.
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element depends on the completeness and comprehensibility of the source
information.

2. Analysing Data Fields in LIS and Mapping to the Terminal Data Element
In Figure 7 we can see this step is usually difficult and ambiguous. Any given data
element can contract with a dissimilar terminal data element from a different
expert. The result, however, does not influence the encoding – expressing infor-
mation efficiently based on correct syntax and common consensus is the key. A
comprehensive way of coding can be found on the Web. For example, HL7 Taiwan
provides several Chinese localisation guidelines on its official website9. This might
help in reducing the variety of field conversions.

3. Data Format Transformation
This step maps and converts different formatted data fields from different sources
using a different transformative approach. Laboratory information is relatively
simple and stable. Consequently OSIHA proposed a series of data format
transformative functions including separation, supplementation, truncation, re-
placement, concatenation and numerical conversion based on NoDoSE10 which is
mainly applied to document transformation.

Figure 7. Example of a mapping algorithm from a relational table to a HL7 OBX
segment

We cannot always find information to map to the data component, for example, the Assigning Field
(AF) part sometimes needs to be assigned a regular value such as ICD9 (International Classification
of Disease Version 9).
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4. Assigning Coded Elements
Normally people use identifiers to represent complete long names in order to
economise data storage and comprehensibility. The coded element (CE) provides
a strict standard that requires the user to fill it in with the identifier, text of the
laboratory item, the name of the coding system, alternate identifier, alternate text
and name of the alternate coding system (see the AF mark in Figure 7). For
example, the data element |530.0^Cough^ICD9| refers to the diagnosis of the
common cold with the identifier in Version 9 of the International Coding of
Diseases (ICD9) being 530.0. Other commonly used systems in medicine for
providing coding include LOINC (Logical Observation Identifiers Names and
Codes) and SNOMED (Systematized Nomenclature of Medicine). However, no
field of names or coding systems are in common use for LIS. This could poten-
tially result in confusion during information exchange. To prevent this, users can
assign a constant value for the field and sometimes use the value “Z” to define the
locally defined coding system.

Figure 8. Source-and-destination selection wizard, that provides an alternative way
of expression for HL7 in Chinese (middle part of the window), and a drag-and-drop
way of schema mapping

The bottom part of the window shows the validated mapped fields.
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RESULTS

OSIHA was created for a government sponsored project MIEC (Medical Informa-
tion Exchange Center3) and introduced into the clinical laboratory of three
hospitals located in Taiwan. OSIHA has been released as open source software and
is being adopted by a growing community of users in hospitals on Source Forge
(http://sourceforge.net) – the biggest open source community with a General
Public License (GPL). The system begins with a source-and-destination selection
process (Figure 8). The process can enable users to compare every data element
via a drag and drop interface.

After selection of the source and destination process, a data transformative
tool-window pops up and enables users to convert their data elements semanti-
cally (see Figure 9) with separation (see Figure 10), supplementation, truncation,
replacement, concatenation (see Figure 11) and numerical conversion.

Figure 9. The data conversion main window

Figure 10. The separation function, allows the user to separate one field into several
elements by setting a start position, an end position and a temporal alias name
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To generate the required HL7 message at an appropriate time, users must
configure the occasion of the triggering event. There are two kinds of trigger
event, one is external and one is internal. For example, OSIHA can wait for the
external application to send out a query message and then search the database
according to the patient identifier, physician identifier or data time range. It then
generates the HL7 message in the external triggering status. In the internal trig-
gering status, the user configures the scanning time interval to program OSIHA to
scan the LIS database at the right time. After the configuration, OSIHA associates
the related tables via the referential key and primary key that is designated by the
user and generates the HL7 message in a semantically corrected form.

DISCUSSION

Independent projects are best built using freestanding components that leverage
the power of freely available open source tools11. An additional advantage of open
source tools is that there is less concern about their integrity compared to using a
commercial product. Open source tools can be downloaded and inspected by the
user and publicly evaluated. In our opinion any national project on exchanging
patient information should utilise open source tools.

OSIHA provides a customisable GUI data element transformative procedure
that enables users to interface their application with HL7 in a zero-line-program-
ming implementation. The method requires the user to have only a very basic
knowledge of HL7 control and query and of the schema know-how for their
application.

In this study we managed to successfully use OSIHA to convert data from a
laboratory database into HL7 messages. Based on the results of our preliminary
experience with OSIHA we now plan further work including:

(i) Implementing the methodology into other clinical operating processes
such as scheduling, admission, discharge and order entry

Figure 11. The concatenate function

The large arrow designates the new alias name.
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(ii) Generating more schema mapping, transformative and other program-
mable tool sets

(iii) Formalising the methodology and adding more graphical user interfaces
to assist with data transformation.

If we are successful, it should be easier and cheaper to introduce HL7 stand-
ards into hospitals in Taiwan and consequently aid the process of implementing
electronic patient records.
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INTRODUCTION

The Electronic Health Record Task Force1 in Australia defines electronic health
records (EHRs) as “an electronic longitudinal collection of personal health informa-
tion, usually based on the individual, entered or accepted by healthcare providers,
which can be distributed over a number of sites or aggregated at a particular source.
The information is organised primarily to support continuing, efficient and quality
healthcare. The record is under the control of the consumer and is stored and trans-
mitted securely.” Any EHR system providing the above function should ideally
maintain future-proof recorded information2. The system should be built up of
future-proof software and guarantee system interoperability at domain know-
ledge level. However, health information is characterised by huge volumes of
domain concepts, for example, as numerous as 350,000 terms in SNOMED
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ABSTRACT

HealthConnect, the proposed National Health Information Network for Australia (HINA), has
centred the activity of health informatics in Australia around the establishment of a national
electronic health record (EHR). In Australia, Good Electronic Health Record (GEHR),
openEHR and their two level modelling and archetype approach are well regarded by ex-
perts on electronic health records. The two level modelling and archetype approach is a
significant innovation in health information system design. The intention of adopting arche-
types to empower domain experts to take the responsibility for domain knowledge model-
ling and updating is an important concept. The technology offers the promise of bridging
the knowledge and skill base of both software developers and domain experts to achieve
the goal of building a ‘future-proof’ electronic health record system. This gives promise for
the construction of a user-centred health information system. Several projects have been
sponsored by the Australian government to develop and test the technology. This article
briefly reviews the initiation, development and current status of EHRs, archetypes and two
level modelling technology. Issues of concern in archetype implementation are addressed
and the direction for the development of openEHR is recommended.
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(Systematized Nomenclature of Medicine). The building blocks for EHR systems,
such as domain knowledge, software and hardware technology are all subject to
constant, rapid change with continuous introduction of new health concepts,
treatment methodology and technology2. In response to the dynamic and compli-
cated challenge of both domain knowledge and the information systems that
carry and manipulate the knowledge, two Australian health informatics model-
ling experts, Thomas Beale and Sam Heard, proposed a new concept ‘archetype’
and ‘two level modelling’ technology for EHR development. This two level model-
ling technology has been successfully implemented in two General Practice
Computing Group (GPCG) funded projects: GP systems to GEHR transforma-
tion trial (GP to GEHR) and the OACIS-GEHR transformation project3.

This paper will briefly review the concepts of two level modelling, archetypes,
GEHR and openEHR. The applicability of the technology in the current health
information arena is discussed. Directions for the future development of openEHR
and archetypes are recommended.

THE TWO LEVEL MODELLING AND REFERENCE MODEL

According to Beale et al.4, information is statements about specific entities. Know-
ledge is statements that apply to all entities of a class. The separation of information
from domain knowledge is achieved through the use of two models:

 • A reference model
 • An archetype model5

 Archetypes are used as part of a two level modelling methodology that aims to
separate domain information from domain knowledge4. Systems are built from
information models only and driven at runtime by knowledge-level concept defi-
nitions or “archetypes”6. The reference model comprises non-volatile concepts
that apply across the entire domain4. It is the framework for building the informa-
tion system. For example, the EHR Reference Model4, which is the building block
for openEHR, has classes such as:

 • EHR – Consists of Folders and Transactions.
 • Folder – High-level organisation of the EHR, e.g. per episode, per clinical

speciality7, etc.
 • Transaction – Data from a particular clinical event (event transactions), or

particular categories of clinical data that have long-lived significance, e.g.
family history (persistent transactions).

 • Organiser – Similar to a heading in a document. Consists of Organisers and
Entries.

 • Entry – Clinical “statements” about Observations, Evaluations, and In-
structions7. It contains data structures (such as lists and tables) and data
items (such as strings, booleans and codes from classification schemes).

The outer structure of an archetype is as follows4:
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 • Header_part – archetype identification, meta-data
 • Body_part – archetype definition
 • Terminology_part – terminology definitions and binding

To explain the concept of archetypes, Schloeffel8 has used an analogy with
language. Sentences are created using words from a dictionary and according to
grammatical rules. Archetypes are the rules for constructing meaningful sen-
tences. Without such rules, we can construct an infinite number of grammatically
correct but meaningless sentences e.g. ‘My English feels hungry’ or ‘Good food
eats well’8.

ARCHETYPES

Archetypes are defined as “domain concepts, expressed using constraints on instance
structures of an underlying reference model”5. Archetypes are basically constraints.
They are, in simple terms, a set of rules that dictate how elements of the reference
model can be organised into a meaningful form, and values that instances of the
element can take. The purpose of an archetype approach is to let domain experts
create and modify archetypes without the involvement of IT experts. The seman-
tics of archetypes are defined in an archetype model corresponding to the reference
model. According to Beale5, an unlimited number of archetypes can be derived
from the archetype model. Each archetype should describe a distinct, complete
clinical concept in an ontological space.

Bird et al.9 gave examples of a range of archetypes that could be used to
constrain instances of the EHR Reference Model:

 • Transaction level archetypes, such as patient contact, health summary and
care plan

 • Organiser (or document heading) level archetypes, such as problem lists,
family history lists and discharge summary headings

 • The archetype model may define that an observational content item owns a
list of values

 • Content item level archetypes, such as blood pressure, biochemistry and
audiology test result

Figure 1 gives an example of a blood pressure archetype. Systolic and diastolic
blood pressure are specialised types of general class blood pressure5. The first value
in the “Proposition” list is “Systolic”. The value must be of type, quantity, with units
“mmHg”. The minimum value is 40, and the maximum value is 300. The second
value in the “Proposition” list is “Diastolic”. The value must be of type, quantity, with
units “mmHg”. The minimum value is 40, and the maximum value is 300.

Archetypes should have a formal, well-defined internal addressing mechanism
that allows intelligent querying. Relationships between archetypes can be depend-
ent on composition or specialisation, similar to that in an object-oriented
approach7. Archetypes can be updated and revised.
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GEHR AND OPENEHR

Good European Health Record (GEHR) was a three year project started in 1991,
funded by the European Union’s Advanced Informatics in Medicine (AIM)
initiative10. The GEHR consortium comprised 21 participating organisations in
eight European countries. The project delivered a large body of work, including
a comprehensive EHR architecture. It has significantly influenced the develop-
ment of European standards. In 1998 Good European Health Record (GEHR)
was renamed as the Good Electronic Health Record (GEHR). Two of the par-
ticipants in the original GEHR project (Sam Heard and Thomas Beale)
subsequently working on the development of EHRs in Australia proposed the
concept of two level modelling, and the use of archetypes to separate informa-
tion and knowledge4.

In 1999 the openEHR Foundation was established between Australian and
European teams to encourage harmonisation and collaboration11. This has led to
active development of standards for an electronic health record throughout Eu-
rope and Australia. In 2002, the openEHR foundation began revising the GEHR
model. The majority of concepts remain unchanged, but the GEHR is now re-
ferred to as the openEHR model. The openEHR, therefore, actually originated
from the Good Electronic Health Record11.

OPENEHR IN AUSTRALIA

In 1997, the IBM Consulting Group was contracted by the Commonwealth De-
partment of Health and Family Services (DH&FS) General Practice Branch (GPB)
to report on the issues surrounding the adoption and use of General Practice
Computer Systems (GPCS) by Australian practitioners, and to develop a func-
tional requirements specification and technical framework that would lead to
widespread application.

Figure 1. Blood pressure instance in archetype approach (adopted from Bird et al.9)

 

BP: GROUP

Name = “Blood Pressure”

Item1: ITEM

Name = “systolic blood pressure”

Value = ??? (40 … 300 mmHg)

Name = “diastolic blood pressure”

Value = ??? (40 … 300 mmHg)

Item2: ITEM
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The “Functional Requirements Specification Report”13 identified eight critical
standards to form a Standards Framework. Regarding the category of Electronic
Health Record Architecture, the report concluded: “In order to ensure optimal data
management and interoperation between GPCS applications/functional components,
it is vitally important that the GPCS is based on a standard electronic health record
architecture. From extensive research, the IBM Consulting Group has concluded that
the Good European Health Record (GEHR) Architecture is the most appropriate and
comprehensive health record architecture currently in existence.”

As a consequence of the report, the General Practice Computing Group
(GPCG) funded preliminary implementation trials for Good European Health
Record. Further discussions and the outcomes of these trials can be found at:
http://www.gehr.org/gpcg/index.htm.

In November 1999, the Australian Federal Government formed the National
Electronic Health Records Taskforce to coordinate a national approach to the
development of electronic health records. Their report, “A Health Information
Network for Australia (HINA)”, was released, and endorsed by the health minister
in July 200014.

With respect to the standards to be used for the structure of the stored record,
the Taskforce agreed that a standard format for data should be adopted, but
accepted that there was no consensus as to the choice of standard. After much
deliberation they proposed that GEHR be adopted . “The GEHR (Good Electronic
Health Record) appears to have the best prospects and is the subject of a trial within
Australian general practices through the General Practice Computing Group (GPCG)
at present. The Taskforce therefore proposes that further work proceed in this area,
building on developments to date.” As explained earlier GEHR is now known as
openEHR.

A critical aspect of the openEHR framework is the concept of two level model-
ling through incorporating archetypes. Currently, openEHR is in the process of
conducting implementation trials through the Software Development and Clini-
cal Trials Phase of HealthConnect’s openEHR work program, commissioned by
the Department of Health and Ageing. The project is continuing.

THE ABILITY OF OPENEHR TO WORK WITH LEGACY AND SOURCE
SYSTEMS

Trials funded by the Australian General Computing Group have demonstrated
the feasibility and benefits of adopting GEHR. The OACIS-GEHR project15 proved
that data could be extracted from a large clinical database and used with a GEHR
system. The conversion of data was achieved in two steps using a process that was
specifically developed for the OACIS-GEHR project:

1. A pre-processing phase involving the extraction of rows from the database
in plain text and conversion of this text to Extensible Markup Language (XML).
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This was followed by mapping of the database ‘fields’ to the GEHR archetype
‘fields’.

2. A generic phase, (which might be applicable to other systems), using the
mapping tables produced in phase 1, XML technology and Extensible Stylesheet
Language (XSLT). These processes automatically converted the database entries
into the appropriate archetype format.

This data conversion involved a large amount of manual effort, and was not
performed in a run-time situation. Nevertheless, the trial demonstrated the feasi-
bility of achieving the conversion using current technology.

Another project, the GP-GEHR transmission project, used a conversion tool
created by Distributed Systems Technology Center (DSTC)16. This conversion
tool enabled the extraction of GEHR event summaries from the two dominant
GP software packages in Australia, Medical Director and Locum Script, and ex-
ported the extracted data to a GEHR-compliant EHR server.

In both experiments, the key success factor was the capability of mapping
between the fields. If the system-specific pre-processing stage can be simplified,
for example, through improved mapping tools, then the whole process will be
feasible. Tools to aid in this process are planned for development in 2003–20049.

APPLICATION OF ARCHETYPES IN THE OACIS-GEHR AND GP-GEHR
PROJECTS

In openEHR, archetypes are expressed in XML format. Domain experts, in this
case healthcare professionals, are given the convenience of creating and editing
archetypes without the need for knowledge of either software development or
XML knowledge. A prototype archetype editor, Clinical Model Builder, developed
in Visual Basic by the Project Titanium team at the DSTC, has developed this
tool5,7.

Archetypes should be stored in online repositories, easily accessible by the
archetype editor. Systems are responsible for organising, searching and accessing
archetypes, and their numerous versions created by multiple authors. Validator, a
software component, is in charge of using archetypes for creating and manipulat-
ing the content of the EHR. Information is retrieved at runtime from the online
repository. A validator is any component that works with archetypes to ensure
that the content is valid against both the reference model and the archetypes5. For
example, the creation of EHR content at clinical source systems (such as a patient
event) would require data validation, through either a kernel within the source
system, or in a data extraction/conversion tool. Similarly, a server storing EHR
information would validate data upon receiving or sending extracts of the EHR
(such as a patient event)17.
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SOFTWARE IMPLEMENTATION

The exact mechanism for the implementation of the openEHR architecture is
continuing to evolve, particularly through the planned stages of the Software
Development and Clinical Trials Phase of HealthConnect’s openEHR work pro-
gram OACIS-GEHR and GP-GEHR project.

 A mechanism for validating archetypes has been outlined by Bird et al.9. First,
archetypes are specified in XML in a specific Archetype Constraint Language. An
EHR extract is first checked against the reference model, using XML Schema.
Then the extract is checked for conformance with the relevant archetypes by an
XSLT processor, which uses a common XSLT script to retrieve archetypes from
the online repository. Any errors in the EHR extract are then reported.

THE ROLE OF THE KERNEL

A kernel is a software component that implements the GEHR Object Model
(GOM). It is responsible for loading archetype documents dynamically from a
clinical knowledge server. The Reference Model and the set of stored archetype
definitions are used to validate any clinical data placed inside a locally-created
EHR, or sent from another EHR system as an EHR extract18.

THE IMPACT OF ARCHETYPES ON SOFTWARE DEVELOPMENT

The introduction of archetypes into health information system modelling is a
significant innovation in software development. There are many software devel-
opment models and although some of them emphasise the importance of user
participation in software development, none of them empowers the user (or
domain experts) with the authority of designing and manipulating components
of the software. The intention of the archetype approach is to pass the task of
archetype maintenance and evolution to domain experts. The domain experts are
expected to add archetypes to the data model when new concepts arise. It is
also the domain expert’s responsibility to delete, revise or update an existing
archetype.

THE ADVANTAGE OF THE ARCHETYPE APPROACH

The separation of a knowledge model (archetype) from a reference model reduces
the size of the information system that has to be designed and implemented by
software developers. It empowers users in a domain to formally define and imple-
ment their concepts in the information system. The system guides and validates
user input at runtime to ensure that information ‘instances’ conform to domain
requirements6. This is a significant innovation in software development. The
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archetype approach provides a number of advantages in the maintainenance,
interoperability and future applications of the final software system6.

PROBLEMS WITH OPENEHR AND THE ARCHETYPE APPROACH

Tun et al.17 pointed out that the problem with the two level modelling approach is
that important clinical semantics may be lost. They gave an example of a blood
pressure test that has to be represented by systolic and diastolic values, with each
in a decimal number. “An EHR system using this approach would have to allow users
to set both their own field names and values, which may result in data that is
inconsistent and impossible to use.”

Classes in reference models are highly generic, and have no real meaning by
themselves. As Bird et al.9 states, users can organise these classes and limit their
instances in an ad hoc manner to express the components of an EHR system.
Without a strict standardisation process, inconsistency and poor interoperability
between systems would result.

The Transformation of Data Automatically from non-GEHR Legacy Systems
into GEHR XML Format and Vice Versa
This function is required to enable existing EHR systems to exchange data with
each other. This may be achieved through using a common record architecture
(namely GEHR) to enable interoperability among varieties of systems17.

How to Automatically Configure Interface Terminology to Reflect the Change of
Archetypes?
A significant amount of domain terms are actually built into the interfaces of
various gadgets and widgets such as buttons, text definitions for check boxes,
radio buttons and text fields, etc. The problem of developing dynamic user inter-
faces, which can automatically configure themselves in response to the creation
and changing of archetypes, has yet to be addressed.

The Separation of Knowledge and Information Levels Significantly Increases
the Information Content of the Application
If the two levels are stored in different locations in a distributed environment, an
always-on Internet connection is a prerequisite for the proper functioning of the
system. Compared with a normal information system, a two level system signifi-
cantly increases the overheads of the information system and the load of the
network traffic. Further investigations are needed to discover how much extra
storage space and operating speed the model will need compared with the normal
one-level approach, and whether current technology and the distributed environ-
ment can handle this flow of information content?
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The Construction of a Comprehensive Set of Archetypes at the Start of the
System Development is Required for the Success of an Archetype-driven EHR
This requirement however diminishes the benefit of flexibility, adaptability and
extensibility of archetypes. It could lead to the selection of the traditional single-
level model as the most rational decision because of the simplicity of design and
the popularity of the methodology in software industry.

THE FEASIBILITY OF ARCHETYPE CREATION AND MANAGEMENT

The question of whether domain experts have enough expertise and experience to
handle the task of designing archetypes needs to be adddressed. Bird et al.9 real-
ised that the success of the archetype approach relies largely on the capability of
domain experts to understand and create archetypes. An archetype editor applica-
tion removes the need for programming when creating archetypes, but a good
understanding of data modelling is still required.

The domain experts involved in the two GPCG funded projects: GP-GEHR
and OACIS-GEHR are all GPs with a special interest in computer technology.
They are enthusiastic IT advocators and keen on technology. Despite this, Bird et
al.9 reported that domain experts had difficulty in constructing complicated ar-
chetypes even with the help of Clinical Model Builder, a GUI- (Graphical User
Interface) based archetype creation tool that was used to simplify the archetype
creation process. DSTC is continuing to develop new application tools to make
archetype creating more manageable for domain experts.

Deficiency in the skills of domain experts can be addressed through training
and practice. However, this raises issues about the number of domain experts that
would need to be trained, the cost of the training and the source of funding.
Given the diversity of healthcare domains, many of which are very specialised, the
number of domain experts required to effectively conduct the task of creating and
maintaining archetypes may be substantial.

Skill expectations are particularly relevant in health sectors where the penetra-
tion of information and communication technology is varied. A large proportion
of domain experts involved in care of the elderly in Australia do not have suffi-
cient computer knowledge to handle archetypes. Although well-trained experts
could create the majority of archetypes for use at a state or even national level, the
benefit of flexibility and extensibility that archetypes offer would be diminished if
smaller organisations are incapable of creating customised archetypes.

The scenario for the successful implementation of a normal ‘one level’ EHR
approach is that a uniform vocabulary and terminology set have to be adopted by
the whole healthcare industry nationwide. This is the prerequisite for achieving
interoperability and exchangeability in EHRs. In this scenario, even though the
health information system adopts a normal big ‘one level’ data model, the termi-
nology used in different systems should be consistent. If HL7 compatibility is
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built into the system, the interoperability is achievable in an Internet-based Web
application. The vocabulary and terminology may change from time to time. For
system developers, this is a matter of searching and replacing the old terms with
new ones. Medical Director, an electronic desktop prescription system, has been
adopted by more than 80% of General Practitioners, and has been continuously
updated in response to feedback from GPs. New functions are added, obsolete
functions removed, problematic decision support functions modified, etc. Every
year a new version of Medical Director is released. The success of Medical Direc-
tor suggests that health information system can be effectively maintained by
developers in close consultation with domain experts. Domain experts may have
no knowledge of the software development process or the concept of an object
oriented approach. Handing the task of creating and editing archetypes to do-
main experts will therefore be a significant challenge.

CONCLUSIONS

Both traditional modelling and the two level modelling approaches present po-
tential problems. A single-level model requires a substantial, essentially centralised
effort, through drawing on work from various domain models. It may be prone to
inefficiency and misunderstandings of domain concepts.

An archetype approach offers the advantage of dividing the responsibility
between software developers and domain experts. However, the availability of
experts for the creation of the individual archetypes could be a problem. Possible
issues in an archetype approach are: disputes over archetype suitability; redun-
dancy of effort by separate creators; inappropriate archetypes and the risk of gaps
in the knowledge required for the various domains.

As an innovative new idea and modelling approach, openEHR, two level mod-
elling and archetypes are still in the infancy stage from the point of view of
technology maturity. A lot of theoretical investigation and practical implementa-
tion has to be conducted to improve the technology. The syntax for archetype
construction is yet to be defined in a concrete, concise, easy-to-read plain lan-
guage. Education and capacity building of domain experts with enough knowledge
and skill base is a critical factor determining the success of the openEHR and
archetype approach. Building easy to use tools to facilitate archetype edition is an
important action yet to be taken. How to dynamically update the domain term
built into an interface corresponding to the change of relevant archetypes is a
technical issue yet to be solved.

The establishment of Electronic Health Records is a substantial research and
development endeavour that is defined by legislation, standards, culture and prac-
tices of healthcare in different countries. It requires the collaborative approach
from health informatics researchers, government agents and domain experts all
over the world. The current development of EHR functional specification by the
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HL7 EHR special interest group is a further step toward acquiring complete
evidence for the establishment of EHR. The design of EHR model and the conse-
quent implementation is an important experiment yet to be taken. The feasibility
of openEHR and the archetype approach has been tested by the two implementa-
tions mentioned in this paper. However, openEHR and the archetype approach is
yet to be improved. This requires a collaborative approach from experts all over
the world.
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