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Abstract

Different approaches are available for the integration of exist-
ing health information systems (HIS) in integration projects.
Within the PluglT project in Finland, we have found it necessary
to design and implement integration in a collaborative, multidis-
ciplinary and open way. In this paper, we use some generic inte-
gration models and relate them to the methods, solutions and
experiences of the project. We summarize the results from nine
integration teams, methods development and supporting surveys
and studies, and discuss these experiences to provide some
guidelines for the HIS integration projects in general.
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Introduction

The integration of health information systems (HIS) is a combi-
nation of problems, where each organization has its own set of
issues which must be dealt with. The integration of diverse data
and systems is required in order to evolve HIS towards a more
integrated health environment both for professionals and pa-
tients. Evolutionary and participatory software design processes
are needed in order to achieve these goals [1].

Integration projects and standardization efforts in HIS have been
mainly focused on the exchange of relevant data between the
heterogeneous systems or interface definitions [2,3]. Integration
standards, typically, leave many aspects of interoperability to be
solved on a project-by-project basis [4]. The heterogeneity of the
existing applications or legacy systems and the lack of unifying
architectures or platforms for the integration are common in the
HIS integration [3]. Many integration projects produce product-
specific or organization-specific solutions, which can not be re-
used without a considerable amount of extra work and cost.

The objective of this study is to highlight issues and to give an
overview of our approach for improving the reusability and
moving towards interface-based and component-based HIS in a

heterogeneous systems environment. We discuss the integration -

methods used and developed in the PluglT project in Finland, in-
troduce the most relevant experiences, and relate them to differ-
ent models for integration solutions.
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Materials & Methods

Classifying integration solutions and approaches

In this study, we adapt the categories of Enterprise Application
Integration (EAI) solution models in [2]: information-, service-,
process- and user-oriented integration. In general, one of the ap-
proaches is the most evident in one integration solution, but each
integration problem can often be solved also by using different
models.

The information-oriented integration approaches integration
problems through information exchange, and databases and
APISs that produce information are the primary points of integra-
tion. This approach has many advantages: source and target sys-
tems need only a few changes; state, logic and sequence do not
need to be considered; and the approach is simple and widely
used. The examples of information-oriented approaches in
healthcare include the use of HL7, EDIFACT or DICOM mes-
sages and HL7 CDA documents. In advanced integration, se-
mantics, data types and metadata management are also
considered [5].

The process-oriented integration produces a layer of defined and
centrally managed processes on top of existing processes. The
goal is to combine relevant processes to support the flow of in-
formation and control logic between them. The solutions often
include flexible middleware such as integration servers or dis-
tributed objects. The definition and understanding of the pro-
cesses in the organization or the community are needed to
produce process-oriented solutions. IHE integration profiles [6]
are an example of process-oriented integration definition in
healthcare.

The service-oriented integration allows applications to share
common business logic or methods. This is accomplished by de-
fining shared methods and by providing the infrastructure or
middleware for such sharing. A common set of methods pro-
motes reuse, reduces the need for replicating methods and data
in several applications [2], and enables information-oriented and
process-oriented integration by providing the required infra-
structure. The Object Management Group (OMG) Healthcare
specifications (e.g. PIDS, TQS) [7] and common services of the
PICNIC project [5] are examples of service-oriented integration
in healthcare. Service-oriented integration solutions, however,



often require changes in applications such as adaptation into the
common infrastructure, which is often problematic especially in
legacy systems.

The user-oriented integration (portal-oriented [2]) allows the
user to gain a consistent view of a multitude of systems. This can
be accomplished by using a unifying front-end system or by syn-
chronizing the various applications on the user workstation. This
approach focuses on the single-user aspects of the system, and
the applications may not be directly integrated on data or service
level. The examples of user-oriented integration solutions in-
clude healthcare portals and the CCOW context management
standard from HL7 [8].

Another differentiator between integration approaches is wheth-
er to use a top-down or a bottom-up process for the definition of
the integration solution. In the fop-down approach, the starting
point is an open standard or a readily-given specification, to
which the solution must conform to. In the bottom-up approach,
the solution is initiated from practical high-priority needs or a
single bilateral or application-specific solution, which is gener-
alized to make it more reusable and applicable in different situ-
ations.

The PluglIT project

The aim of the PlugIT project is to decrease the introduction
threshold of healthcare applications by developing efficient,
practical and open solutions for integration. This is pursued by
collaboratively producing open and reusable integration solu-
tion specifications and application interfaces and by developing
and selecting methods and tools for specifying and implementing
application integration. The project involves four research
groups, six hospital districts, two municipalities and 15 software
companies in Finland.

We have used a collaborative process (see Figure 1, [9]) to pro-
duce integration specifications and approaches. In the tripartite
collaboration, health service providers (health professionals and
e.g. hospital IT departments), software vendors (also competi-
tors), and a multidisciplinary research group (moderator) are in-
volved in each identified integration domain. We also use a
specific process for the solution specification phase [3]. In this
phase, we consider existing applications, standards and new
technologies, and the requirements and process improvement
needs of the participants. The aim is to produce solutions for sev-
eral interoperability levels, including interface technology, func-
tionality, data contents, semantics and application architecture
[4]. As a result, reusable specifications with distinct goals and
audiences are produced on incremental documentation levels:
requirements, platform-independent and technology-specific in-
terfaces [9]. The specifications are evaluated and harmonized
collaboratively, and implemented in pilot projects in existing ap-
plication products. The integration process incorporates features
from different integration models, including understanding and
description of the processes in health environment and specifica-
tion of information contents, application services and user inter-
action in the solutions.

Thirteen integration domains have been selected, prioritized and

grouped during the project, and the work has been transferred to
nine teams with responsibility of one or more integration do-
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mains. Common core services [10] include eight domains and
separate teams for:

* user and access management,

» patient and clinical information access,

* code sets and organizational structures,

* billing interfaces, and

* electronic patient record (EPR) archive interface.

One visual integration team considers two domains: clinical
context integration on server and workstation level [11] and
context-aware application invocations. There are also two teams
developing methods for specific subdomain requirements: ma-
ternity care service chain and home care work and interoperabil-
ity improvement with e.g. mobile technologies [12]. One team
also specifies a template of point-to-point component integration
in specialized order entry (gastroscopy - pathology).

The main approach in the common core services is service-
based. In the visual integration team, user-oriented integration
solutions are specified. The order entry component team focuses
on information sharing. The home care and maternity care teams
are focused on providing clearer understanding of and require-
ments for the processes of these underspecified IS areas and re-
lated methods.

The specifications have been produced in several discussions,
workshops and meetings with the participants. A joint group of
teams has also been formed for the method and solution reposi-
tory development and evaluation. In addition to the specified
processes and documentation levels, several supporting assets
for the specification work have been developed. These include a
study of current status of software development process, tools,
infrastructure and integration needs in Finnish healthcare appli-
cations, and studies of component and service technology fami-
lies and tools for building and integrating HIS. Several reference
implementations have been built to help the evaluation of stan-
dards and tools in relation to the participating products. We have
also developed a framework for the evaluation and selection of
various health-care specific and technology standards, and pro-
duced evaluations of them.

Some characteristics of the PlugIT project also affect the results.
The project focuses on application “clusters” within healthcare
organizations to provide a more coherent application environ-
ment for the health professionals. Thus, the distribution and net-
work security issues are not as central as e.g. in regional
integration. In addition, the aim is to produce reusable solutions
and methods for future integration projects. Thus, the documen-
tation and evaluation of these solutions are added to the total ef-
fort of the teams.

Results: summary of the integration teams

All the integration teams have produced open specifications.
Some teams were to produce a set of subdomain requirements
only, whereas others produced all the defined documentation
levels. The speed and technology level of the produced open
specifications depended heavily on whether they were initiated
from the existing application-level needs or from the needs for
understanding the processes and core activities in the domain.



Team-specific and group-specific experiences are summarized
in Table 1. The integration teams are grouped based on their pri-
mary integration model. The top-down and bottom-up approach-
es were applied simultaneously in many teams. There were also
differences in originators of the integration needs and the types
of requirements. Different integration models produced different
types of integration specifications. Though a common process,
documentation levels and guidelines were used, they were ap-
plied differently according to the domain requirements. Stan-
dards in different teams reflected the underlying integration
model of the standard. The choices, benefits and challenges in
most cases follow those of the integration model: however, the
difficulty of mediation between the top-down and bottom-up ap-
proaches is especially evident in challenges encountered. On the
technology level, application adapters, services and web-based
technologies were seen as the most significant areas of improve-
ment in integration. Additional collective results are presented in
the discussion section.

Discussion: Guidelines for integration projects

The experiences of using the collaborative and incremental inte-
gration process in the teams of the PlugIT project provide some
basic rules for future integration projects.

Integration specification and implementation

Integration requirements must be the basis for the design deci-
sions. The knowledge of the integration domain is imperative in
the design of the solutions, as they change the existing work pro-
cesses. It is useful to identify the most urgent integration needs
from a set of requirements, and use an incremental approach to
first satisfy these requirements. More requirements can be added
on the subsequent versions and iterations of the process. In one
visual integration domain, for example, only the synchronization
of user and patient contexts were included in the first specifica-
tion, and additional contexts and network security were added to
the second version. We found that this approach supports step-
wise refinement from the requirements to the solution specifica-
tion and implementation, but requires prioritization and
congruence with the scope of the first solution. Iteration, howev-
er, can not be easily planned in multilateral and open projects in
a changing environment, and it did not occur as much and as
quickly as was expected.

Open integration specification and pilot implementations should
be distinguished, although they are interrelated. This prevents
dependencies and waiting times between related projects. The
step from open specification to product-specific or site-specific
implementation must provide some extra benefit to the partici-
pants, who usually have other duties in addition to the integra-
tion project. A contract between the health service provider and
system providers is often needed for this purpose. The competi-
tive edge in products must be steadily protected.

Studies and comparisons of standards, technologies and their ef-
Jects on several interoperability levels should be provided by the
moderator, as health service providers and application develop-
ers do not have the required time or other resources to evaluate
these aspects in detail. The guidelines, examples and reference
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implementations provided by moderators ease and accelerate the
integration.

New technologies, tools and integration approaches should be
introduced cautiously and justifiably, and migration paths
should be defined for organizations and applications.

Standards and product-specific conventions

The experiences gained from studying and applying open stan-
dards point out several important points for integration projects.
Domain-specific standards should be implemented with or be
based on domain-independent technologies and infrastructure.
Each standard covers only some aspects of the final solution. 7he
certification of solutions against open specifications is necessary
for validating them. In addition to standards, the functionality,
architecture and technologies of the existing applications must
be considered in order to produce realistic solutions with an ac-
ceptable introduction threshold. Standards and standard families
are seldom compatible with each other or the existing applica-
tions. They differ in integration models and consequences be-
yond their main scope on several interoperability levels [3].

The generalization of bilateral solutions into open, reusable
specifications (bottom-up) is pursued by discussing application
roles or actors [6] instead of products. Analysis of the current
status is separated from the design and implementation. Distinct
specification levels allow the specification of same platform-in-
dependent interfaces using several interface technologies, and
implementation of interfaces in several products. Solutions re-
quire the parallel consideration of standards (top-down) and con-
ventions in existing systems (bottom-up). Open technologies
and the separation of data and functionality in interfaces produce
flexibility in solutions. The single most effective activity to en-
sure open integration solutions is the introduction of acceptance
and harmonization (standardization) process.

Multilateral collaboration in integration projects

Almost all teams encountered challenges in multilateral commu-
nication and coordination. The nature of integration projects
(openness and the lack of central management) calls for negoti-
ation skills and agreements. The different skillsets of the partic-
ipants (e.g. health professionals, IT experts) must be
acknowledged, and common language, training and concept
models developed. Guidelines for the management of multilater-
al projects (see Figure 1) are also needed. After manager-level
commitment, the participants must achieve an agreement on the
requirements, resources and timetable of the project. We used a
model where a neutral moderator involves named experts from
all the participating organizations. The participants must be au-
thorized to agree on several solution details and be committed to
and available for the project. Solution deployment, maintenance
and ownership issues must be addressed early in the process. Pi-
lots and implementations must benefit all the participating orga-
nizations (e.g. time-to-market, cost reduction, increased level of
reuse, workflow and usability improvements).

We found the methods developed in the project applicable to
both open and point-to-point integration. The balance between
different integration models and between the top-down and bot-
tom-up approaches requires special attention. The reusability



and openness goals often collide with the requirements for fast
implementation and introduction. The would-be impact of the
solutions on existing processes is not always evident, including
situations where applications already contain the required fea-
tures. For this reason, special attention should be paid to the un-
derstanding of the domain and process improvement. Our
approach is best suited for service-oriented (interface- and com-
ponent-based) solutions. We are specializing the methods for
different integration models, and further developing the detailed
guidelines for the integration phases. To a large extent, our ap-
proach is also applicable outside the healthcare domain.

Conclusions

It is practically impossible to find a single technological solution
set that can be universally applied for HIS integration. Integra-
tion projects need to identify and combine various integration
models to choose the right approach and the suitable set of stan-
dards, technologies and tools, and also address human and orga-
nizational factors. While information-oriented and document-
oriented solutions remain common and suitable for many re-
quirements, more “pluggable” solutions can be expected only
when service- based and component-based solutions become
common.
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