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Objective: Both regional health information systems (rHIS) and hospital information sys-

tems (HIS) need systematic information management. Due to their complexity information

management needs a thorough description or model of the managed information system.

Methods: The three layer graph-based meta-model (3LGM2) and the 3LGM2 tool provide

means for effectively describing and modeling HIS by hospital functions, application sys-

tems and physical data processing components. The 3LGM2 tool has been used to model

parts of the information system of the health care system of the German federal state Sax-

ony and of the Leipzig University Medical Centre.

Results: Experiences showed, that 3LGM2 is suitable for supporting information management

even in rHIS. We explain some benefits for information management in regional as well as
nformation management

ystems integration

rganizational models

LGM2

local settings.

Conclusions: Acceptance of the 3LGM2 depends strictly on its integration in management

structures on the institutional, regional, and even national or European level.

© 2006 Elsevier Ireland Ltd. All rights reserved.

of institutional information systems, e.g. hospital informa-
nformation systems modeling

. Introduction

he driving force for health care has recently been the trend
owards a better coordination of care. The focus has been
hanged from isolated procedures in a single health care insti-
ution (e.g. a hospital or a general practice) to the patient-
riented care process spreading over institutional boundaries.
ealth care providers and health care professionals in a region
and in many cases even worldwide – have to cooperate in

rder to achieve better health for the patient [1–4].

An institution’s system for communicating and process-

ng information, i.e. its information system (IS), is that socio-
echnical subsystem of the institution which presents infor-
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mation at the right time, in the right place to the right peo-
ple [5,6]. Consequently, the heterogeneity of the institution
is reflected by its information system. This holds especially
for a hospital’s information system (HIS). It has to be actively
designed and constructed like (a complex of) building(s) out of
different and usually heterogeneous bricks and components.

Widening the scope to the health care region and the neces-
sity for regional cooperation of health care professionals and
institutions, we have to claim for the respective cooperation
tion systems or practitioner’s information systems. They shall
form again an information system, i.e. the regional health
information system (rHIS). Since the complexity of an rHIS is

erved.
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something like the product of the complexity of the informa-
tion systems included, there is an even stronger demand for
systematic information management in the region [1].

Like an architect, each information manager needs a
blueprint or model for the information system architecture
respectively the enterprise architecture [7–9] she or he is
responsible for. In Ref. [10], we proposed the three layer graph-
based meta-model (3LGM2) as a meta-model for modeling HIS.
3LGM2 had been designed to support information manage-
ment in its enterprise architecture planning (EAP) (see e.g.
[9,11]) activities.

This paper deals with the following questions:

• Is 3LGM2 suitable for supporting information management
even in rHIS?

• What benefit can be expected using 3LGM2?
• Are there organizational prerequisites for a useful applica-

tion of 3LGM2 in regional settings?

We, therefore, will shortly introduce the meta-model
3LGM2 and the 3LGM2 tool for modeling information systems,
present a 3LGM2 model of parts of the rHIS of the German fed-
eral state Saxony, and illustrate some benefits of the model for
further development of digital image communication in Sax-
ony and for strategic information management planning at
the Leipzig University Medical Center. Finally, we will discuss
the questions mentioned above.
2. Method: the three layer graph-based
meta-model 3LGM2 and the 3LGM2 tool

3LGM2 distinguishes three layers of information systems,
which especially provide a framework for describing both

Fig. 1 – 3LGM2 model of the Saxonian-rHIS: cuto
i n f o r m a t i c s 7 6 ( 2 0 0 7 ) 145–150

information processes at the domain layer and communica-
tion paths between application components and their inter-
dependencies.

The domain layer of 3LGM2 describes a hospital indepen-
dently of its implementation by its enterprise functions. Enter-
prise functions have to be performed by a hospital within its
business processes in order to reach its aims. To perform these
enterprise functions, information of a certain type about phys-
ical or virtual things of the hospital is needed. These types of
information are represented as entity types. Enterprise func-
tions may interpret or update information about entities of
certain entity types. The logical tool layer focuses on application
components supporting enterprise functions. Application com-
ponents are responsible for the processing, storage and trans-
portation of data representing entity types. Component inter-
faces ensure the communication among application compo-
nents. The physical tool layer consists of physical data process-
ing components (like personal computers, servers, switches,
routers, etc.), which are physically connected via data trans-
mission connections (e.g. data wires). They carry the applica-
tion components.

The meta-model has been supplemented by the 3LGM2 tool
[12]. Using 3LGM2 as the ontological basis this tool enables
information managers to graphically design even complex HIS
(Fig. 1). It assists information managers similarly to computer
aided design tools (CAD) supporting architects. The tool pro-
vides means for analyzing models of information systems and
thus for assessing its quality. On the modeling canvas, which
dominates the main window of the tool, an information sys-

tem can be modeled and displayed on three layers as explained
before. The three different layers can be viewed and edited
separately but also in a multi-layer view. Models especially of
rHIS tend to be rather complex. Depending on the complexity

ut of the overview at the logical tool layer.
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nd the required level of detail the model diagram may easily
et unclear and confusing. The 3LGM2 tool includes function-
lity to extract subsets of models into submodels. It provides
set of predefined analysis functions, which are designed to

nswer specific questions arising in information management
usiness.

. Results

.1. A 3LGM2 model of the rHIS of the German federal
tate of Saxony

pplying the 3LGM2 tool we constructed a 3LGM2 model
omprising a detailed description of the current state of
he Leipzig University Medical Center’s HIS (UKL-KIS) (“KIS
niversitätsklinikum Leipzig”) and important elements of

he rHIS of Saxony. The rHIS of Saxony has been fur-
her developed by the SAXTELEMED project, funded by
he Saxonian Ministry of Social Affairs [13]. The project
ocused mainly on the exchange of radiological images and
ntended to improve integration of ambulatory and inpatient
are.

Fig. 1 gives an overview of the model (SAX-rHIS model) at
he logical tool layer. At a low level of granularity, it shows the
ospital information systems and the information systems of
ractitioners involved as application components. Frames and
espective headers indicate subprojects of SAXTELEMED. Sub-
rojects had been defined at seven medical centers to realize
n infrastructure for exchanging radiological images between
hese centers and healthcare institutions in the neighborhood.
ow the ministry’s focus is on connecting these ‘islands’. One
f the frames contains the UKL-KIS. Each frame is linked to
he related, more detailed sub-model of the respective infor-

ation system and their components. The 3LGM2 tool thereby
rovides comfortable means for switching between different

evels of granularity.

.2. Supporting further development of the
axonian-rHIS

nvestments in Saxonian hospitals – especially, those for infor-
ation technology – are funded by the Ministry of Social
ffairs. Respective proposals are reviewed by experts in this
eld.

The SAX-rHIS model is the only central repository for infor-
ation concerning the rHIS infrastructure in Saxony. Using

his repository providing information about the SAX-rHIS and
pplying the analysis tools of the 3LGM2 tool, officers in the
inistry, reviewers, and applicants among others gain the fol-

owing advantages:

Funding proposals had been prepared at the different
sites supported by different consultants. They used various
approaches for describing the information system archi-
tectures planned. The proposals differed, e.g. in descrip-
tion of functionality (i.e. the enterprise functions to be

supported), naming of already installed application com-
ponents at the related hospitals and institutions, ways
of illustrating interoperability between application compo-
nents or hardware components respectively. Thus, espe-
f o r m a t i c s 7 6 ( 2 0 0 7 ) 145–150 147

cially reviewers could hardly compare the solutions pro-
posed. Within the SAX-rHIS model application components
at different sites supporting the same enterprise func-
tion (e.g. report writing), are linked to the same function.
In general the same real world entities (e.g. communi-
cation standards, message types, software products and
brands, etc.) are represented by the same modeling con-
cepts and elements. So the different information systems’
architectures are described in a coherent way, which over-
comes the individual methods used in different proposals
before. Thus, the model supports the stakeholders men-
tioned above in understanding and comparing different
solutions.

• Given, hospital A wants to introduce an application com-
ponent for radiological imaging, i.e. a radiological modal-
ity. In order to avoid unnecessary investments it should
be questioned, whether there is already a similar modal-
ity in another hospital B and whether it would be pos-
sible to transport images from hospital B to A. Appro-
priate modalities can be found by selecting the func-
tion “radiological imaging” at the domain layer; the anal-
ysis tool will then highlight the components used for
imaging at their different sites. Communication paths
on which images could be transported can be found
by using a shortest path algorithm implemented in the
3LGM2 tool [14]. Fig. 2 shows a calculated communica-
tion path, if for B the hospital at Rabenstein City and
for A the hospital “Bethanien” at Plauen City is taken.
The algorithm finds that images from the modalities
in Rabenstein can be sent to the diagnosing system in
Plauen.

3.3. Preparing a strategic information management
plan (SIM plan) for the Leipzig University Medical Center

We have completed the third issue of the SIM-plan for
the Leipzig University Medical Center, which is valid for
2005–2007. Its structure is close to the recommendations in [6].
So, description and analysis of the current state of the UKL-KIS
form an important part of the plan.

Within the SAX-rHIS model there are a lot of submod-
els describing not only the information systems of SAX-
TELEMED subprojects but also submodels describing differ-
ent aspects of the UKL-KIS. They are the central repository
for information about the UKL-KIS. For example, it delivers
detailed information concerning interfaces between appli-
cation systems and the communication server as well as
descriptions about redundant storage and communication
of patient data. Similar as illustrated in Fig. 2 it can be
derived, what communication links might be used to trans-
port pathological findings to the application systems used at
the ward.

For preparing the strategic plan rather simple features
of the 3LGM2 turned out to be very helpful. Besides fea-
tures for exporting graphical illustrations like Fig. 2 we used
the reporting facilities of the 3LGM2 tool to generate tables

describing what application systems are used for particu-
lar enterprise functions in different organizational units. As
an example Table 1 shows, that for admission of outpa-
tients four different software products are used and that
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Fig. 2 – Calculated communication path in the Saxonian-rHIS: images can be sent from the application component
“03-Modalities” (a modality in the hospital of Rabenstein City) to the component “02-Viewing System” (component for

Beth
supporting writing of radiological findings in the hospital of

one product (MCS IKA) has been installed as two differ-
ent and separated application systems. Additionally it can
be seen, that in department STRA1 (radiation therapy and
radiation oncology) two different application systems are
in duty for the same function. So the table clearly shows
a heterogeneity, which is worth to be discussed very seri-
ously.
Even those things, which cannot be found in the model
turned out to be of major importance for the strategic plan:
the lack of powerful interfaces to other health care institutions
in the region lead to the clear statement, to concentrate on

Table 1 – Excerpt from the table of enterprise functions, organiz
automatically by the 3LGM2 tool

Enterprise function Organizational

Admission (outpatient)

KCHA1, GYNA4, IN4A4, HUG, I
HNOA1, GYNA8, IN1A5, GYNA
NCHA1, . . .

NET
PSYA1
RADA1
STRA1
anien City).

better integration into the rHIS of Saxony within the next 3
years.

4. Discussion

In the previous sections, we shortly introduced the 3LGM2 and
the corresponding 3LGM2 tool for modeling information sys-

tems and demonstrated possible opportunities for informa-
tion management of an rHIS on the case of the SAXTELEMED
project. On the basis of this case study, we now can answer
our research questions as follows:

ational units and application components, generated

unit Application system (software product)

N1A2, IN1A3,
5, CHZA, AUG,

Patient management system (SAP IS-H)

Outpatient management system NET (MediTec)
Outpatient management system PSY (MCS IKA)
RIS Radiology information system RAD (MEDOS)
Patient management system (SAP IS-H)
Outpatient management system STR (MCS IKA)
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Account of what the research has learned
Before the case study reported on in this paper we knew
that

1. 3LGM2 is a meta-model providing modeling concepts
for a hospital information system which seems to be
adequate for information management;

2. The 3LGM2 tool enables modelers to create models of
information systems of hospitals;

3. The 3LGM2 tool provides various means for analyzing
models of hospital information systems, which seem
to be valuable support for information managers in
hospitals.

By this case study we found that

1. The modeling concepts of 3LGM2 are also sufficient to
model regional Health Information systems;

2. The 3LGM2 tool enables modelers to model even
regional Health Information systems in practice. Its
concepts of sub-models and coarsening help manag-
ing the complexity of rHIS models;

3. 3LGM2 tool’s means for analyzing models provide ben-
efits for information managers in local as well as in
regional settings;

4. Application of 3LGM2 and the 3LGM2 tool requires an
institution for information management and its suc-
cessful use depends strictly on its integration in man-
agement structures on the institutional, regional, and

r

i n t e r n a t i o n a l j o u r n a l o f m e d i c

Although 3LGM2 had been developed to model information
ystems of hospitals it could be used successfully to model
he information system of a regional health care setting as
ell.

The possible benefits for information management using
LGM2 are obvious. Only the consistent use of a common mod-
ling instrument – here the 3LGM2 – mandatory for all involved
artner institutions of a rHIS makes it possible to compare
he information systems which shall be integrated, to iden-
ify redundancies and weaknesses, to illustrate their capabili-
ies, and to formulate integration requirements on a common
asis. This is especially important for a super-ordinate institu-
ion, in our case the Saxonian Ministry of Social Affairs, which
as to coordinate the different information system architec-
ures of the involved partner institutions to grow together to a
HIS. But it can also support consultants, which in many cases
ccomplish tele-medical projects like those described above,
ecause they can easily get a consistent survey of the rHIS
nd its components. Ideally, the information management of
he partner institutions is already working with that common

odeling instrument for their in-house purposes. This would
n the one hand decrease the modeling efforts for the rHIS
onsiderably. On the other hand the partner institutions could
asily discover deficiencies of their information system con-
erning the integration to the rHIS.

The case of SAXTELEMED additionally shows that there
re some organizational prerequisites for a useful applica-
ion of 3LGM2 in regional settings. Especially for a rHIS,
here must be a super-ordinate institution responsible for
nformation management from a regional perspective. This

ight become an important challenge because healthcare
egions, at least in Germany, are not institutional bodies
ith their own administration, but a rather loose coupling
f autonomous institutions. Nevertheless, the super-ordinate

nstitution could be a ministry for health, another health
are body or even a health care enterprise. Experiences at
he Leipzig University Medical Center additionally show, that

rHIS model is merely useful, if it is up-to-date and, that
he model can just be maintained if (and only if) tactical
nd strategic information management [15] are closely con-
ected. As a consequence the UKL-KIS model has been imple-
ented as the central repository for the information sys-

ems components at the Leipzig University Medical Center.
o ensure that the model remains up-to-date, project man-
gers are obliged to document changes of information system
omponents concerned by their projects within the UKL-KIS
odel.
So we can finally conclude that 3LGM2 as modeling instru-

ent for information systems can support information man-
gement for rHIS considerably if the organizational prereq-
isites are fulfilled. This may even hold for a nationwide or
uropean perspective.
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