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Abstract—The Dispedia Framework is an information system
in the complex field of rare diseases. The goal of the system is
to harmonize social care conditions and health care conditions
with the focus on personalization and patient autonomy. The
main task was to analyze the existing system of one rare
disease and to structure and model the data in a tiered
approach. On the basis of the Dispedia Model, we developed an
information system that supports the information logistics
between patients with rare diseases and other (all) players (e.g.,
doctors, therapists, and researchers).
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l. INTRODUCTION

This work describes an approach to engineer a health
information system in the context of service engineering.
“Service Engineering provides methods and tools for a
systematic and structured development of new information-
intensive service offerings and service systems [1].” The
area of service modeling as a sub-category of service
science includes the formal and semi-formal description of
services. Standardized and reusable methodologies and
models in this area are often deficient [2]. One example of a
holistic model of integrated service systems is Bottcher’s
Metamodel [3]. This model includes the dimensions of
service component, product model, process model, and
resource model. It is particularly suitable for complex,
varied services such as IT services. Considering
comprehensive services which are provided collaboratively,
the information model with a systemic view as a further
dimension should be focused on. Only if the systems of
medical services and information are understood as complex
systems with highly interactive contexts and agents, the
problems can be addressed through strategies that clarify the
patterns and interrelationships of the system [4].

The aim of the paper is to show how patterns and
interrelationships in a service system of complex disease
can be found and how the information engineering can be
realized. In Section 2 of the paper, the complex service
system in case of rare diseases is described. In Section 3, the
methods of analyzing and modeling of the system are
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demonstrated. Section 4 exposes the formalization of the
system model. The summary in Section 5 identifies the most
important facts of the paper, and in Section 6, the
conclusions are drawn and fields of further work are tagged.

Il.  PROBLEM DESCRIPTION

The field of research about rare diseases is extremely
complex because of multifaceted disease progressions, the
involvement of many stakeholders from different sectors
(i.e., social care, health care, therapists, and aid suppliers),
and the high costs incurred from treatment and care.

The knowledge of orphan diseases is primarily limited to
a few specialized institutions [5]. This restriction often leads
to excessive demands on the side of the medicating agents,
who lack such specific knowledge. Activities are rarely
coordinated centrally. Therefore, multidisciplinary care is
still insufficient [6].

Due to the unpredictability of the course of a rare disease,
it is impossible to preemptively provide information or
define processes across the whole course. Due to a lack of
quantitative and qualitative information, the confusion is also
high on the side of the patients. This lack is diametrically
opposed to the goal of supporting important treatment
decisions at an early stage of the disease by means of an
active information policy. Complex diseases like rare
diseases (see Figure 1 (B)) are characterized by non-linear
processes, and information and interventions subsequently
depend on more contextual influences of the recipient. [4]
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Figure 1: Complexity of diseases (according to [4])
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Additionally, Berg constitutes that with respect to these
approaches it is a vital aspect to consider the context of
intervention- and information recipients [7]. These recipients
can be both patients as well as other actors of the
heterogeneous network. The challenge is to structure and to
qualify the information for the information recipient
[81,[9],[10]. Therefore a “...detailed consideration of the
disease is inseparable from a detailed consideration of the
whole person [11]”. In the following, the methods and
concepts for modeling such a complex topic are presented.

I11.  ANALYSIS AND MODELING OF RARE DISEASE

To analyze problems and processes of rare diseases, we
chose to use the example of Amyotrophic Lateral Sclerosis
(ALS), which is a degenerative disease of the nervous
system [5]. To model the knowledge and relationships in the
ALS knowledge domain, a concept map was developed as a
starting point. The concept map [12] and the knowledge map
[13] are procedures for the graphical representation of
knowledge. Modeling knowledge with these techniques
supports the qualitative and quantitative knowledge acqui-
sition. The knowledge is thereby reduced to essential
concepts which are arranged in relation to one another. The
concept map was formed based on the analysis of 19 medical

http://www.dgm.org/), the first model was consolidated.
After the evaluation of an additional 41 expert interviews,
the holistic Rare Disease Concept Model was completed (see
Figure 2).

The demand for information is characteristic for the
subject of ALS. Therefore, the model of the rare disease is
designed with a focus on information. We distinguish
between information for a patient, information about a
patient, and information for stakeholders (see Figure 3).
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Figure 3. Information Types for Medical Information Supply

The medical field differentiates between specialized
documentations of anamnesis. Especially in rare or chronic
diseases and in rehabilitation, complex histories must be
documented. With respect to ALS, for example, the
neurologist uses the Functional Rating Scale for ALS
(ALSFRS) [14]. Furthermore, therapists such as speech

. ; o therapists or occupational therapists use their own
records of patients and their families from books and web P P P
( Palliative Stage J
tient (1) |«—represents — b 2
patient (1) member (2) information higoesWith—-b[ stakeholder type (19))
patient goesWith — | type(5) o
has" type (3) ‘_ ll -
needs » |nfor(r2§|tlon 44— nneeds
T ¢ influence 4——knows -
makes —p (18} desicion |
contams—-’ actmn(lz) 4-execute —| stakeholder(13) |—has
" affects acceptz‘ / i
dlsclalm M —[social consultant (U)|
(‘contalns m wgastroentemiogist (G)|
| (6) (7) disease (1 1)
ALS proposal treatment (p) physiotherapist (P)
I 3
contams

approprrate for

(8) health disorder/
dlSab”ltY

classifies 3
classfes !
1

ICD/UMLS:
disease (10)

[ICF: health status (Q)J

weaknesses: K*= knowledge 1

contalns

*= information, K*¥*= communikation, C*=

| %] i

(15)formal1t\|r 44— needs ——| (17) cost carrier
|
| (16) costs I4

counseling, T*= timemanagement

assume/
not assume

sectors: z.B. family doctor (F), specialist physician (S), cost carrier (17), social consultant (U), hospital (G), ambulant care (P)

A e e T R, A
\ official classification !

Figure 2. Concept Model of ALS Disease

sites. After discussion with experts (e.g., Charité Campus
Virchow-Clinic  Neurological ~ Clinic:  http://www.als-
charite.de/; German Society for Muscle Diseases e.V.:
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anamnesis sheets. In rehabilitation, a description concerning
the International Classification of Functioning, Disability
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and Health (ICF) is common. In the model, the utilization of
all possible patient descriptions is intentional. Therefore, the
idea of Linked Data [15] is pursued.

Modeled after personal consultations between
professionals and patients, different information characters
are represented. Patients not only have physical needs, but
are also characterized by certain psychological traits.
Patients and other parties involved in this process are
therefore recipient types that must be categorized as specific
information recipients. For instance, a very anxious and
sensitive patient may be considered a special type, for
example the patient type (3) "sensitive”.

A patient who is a physician by trade would presumably
hope to receive more detailed information and would be
considered patient type “skilled”. A patient who is very
active and dedicated to his health may like to obtain
information about treatment options to pursue by himself,
for instance, anti-thrombosis injections. The information to
be passed on to the patient in a counseling session would be
matched exactly to the type of information recipient. For
example, detailed information would be given to a skilled
recipient who was listed under information type (5)
skilled”.

As shown in Figure 2, the constructed Concept Model of
ALS Disease demonstrates the relation between the concept
patient (1) and the term of information (5).

IV. FORMALIZING SYSTEM MODEL

The formalization of the Disease Concept Model follows
commonly used methodologies. These methodologies

include the analysis as described above, coding the
knowledge, reusing existing formal ontologies, evaluation,
and documentation [16]. The resulting formal knowledge
representation was encoded in Web Ontology Language
(OWL). “OWL is intended to be used when the information
contained in documents needs to be processed by
applications [17]”, which allows, for instance, a modular
development of complex areas and also the re-use of
existing knowledge bases [18]. The employment of RDF/S
[19] and OWL [17] for a representation of the Disease
Model architecture has various advantages.

e The representation of information in a coherent
structure without a direct connection to specific
applications. This facilitates the development of
applications which do not focus on the information
logistics advised by this approach.

e The definite identification of the conceptual and
concrete resources due to the use of dereferenceable
URIs.

e The reutilization of the concepts in applied domains
to generate an exchange of resources without a loss
of information.

Interlinking and reification of concrete resources.

e The application of established resources of the
Linked Data Web, e.g., Dbpedia [20] and PubMed
[21].

To use the formal Disease Model as a re-usable
ontology, we developed the Dispedia Ontology (see Figure
4) hold under the domain www.dispedia.de. The name
Dispedia is derived from the goal of the designed
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Figure 4. Dispedia Framework
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knowledge base to make disease-specific information
available and usable for humans and machines. The
Dispedia Ontology includes the vocabulary or scheme (Core
Ontology), the expert knowledge base (Proposal Ontology),
the knowledge base about the patient (Case Ontology), the
allocation of proposal information descriptions for patient
parameters, and the concepts to interlink additional
classifications (see Figure 4) as described above. The
Dispedia Framework realizes the description of the whole
person through subject-specific and user-dependent
classifications, the modular description of disease-specific
proposals, the integration of heterogeneous stakeholders,
and the patient-specific allocation of information. A
prototypical deployment of using the Dispedia Framework
is realized on the basis of Ontowiki, a web based tool
providing support for agile, distributed knowledge
engineering scenarios [22].

V. SUMMARY

The semantic modeling of the medical information
supply takes both the patient type and the information type
into consideration. By taking advantage of the properties
these types had in common, an adaptable information
system could be developed. An application that uses the
Dispedia Model Architecture adapted the described field of
knowledge. The core ontology is the framework which
includes describing classifications, domain specific
knowledge, and matching. To manage information about the
patient in the ALS example, the core ontology uses the
classification ontologies ICF and ALSFRS. When using
semantic web technologies, the modification and utilization
of other classifications is feasible. At the same time, the
subject of ALS information for the patient was replaced or
amended with information for other recipients.

The wuse of the available e-commerce ontology
www.schema.org furthermore allowed the information to be
enriched with tangible offers and the tracking of patients,
for instance, for medical aids.

VI. CONCLUSION AND FUTURE WORK

Our work focused on improving the information
logistics in the existing health system regarding ALS. The
actual state of our approach, which was evaluated by using
select patients with ALS and the course of the disease in
their specific cases, combines the following different

advantages:
e The reutilization of the concepts in applied
domains.

o  Different information providers can operate on the
same standard using the structure given by the
architecture concepts and their relations.

e The ontological model of the system can be
expanded by interlinking and remaining flexible
with regards to accommodating new concepts.
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e  General aspects of the health care processes for the
disease can be represented and linked to their
implications for the individual stakeholder.

e  Existing knowledge bases like the International
Classification of Disease (ICD) [23] and the
international ~ Classification ~of  Functioning,
Disability and Health (ICF) [15] can be connected
and re-used.

In the current state of development, we focus on
functionalities supporting knowledge acquisition in order to
allow the approach of Dispedia itself to evolve. Therefore,
the integration of more usable medical classifications is
targeted in a similar manner as the possibility of interlinking
further proposal ontologies in addition to the actual existent
ALS Ontology. We will pursue the idea of decentralizing
data on the web for patients as well. After modeling the
expert knowledge structure, the content of ALS hold under
the domain als.dispedia.de has to be enlarged, completed
and audited. In the same structure further knowledge bases
about other diseases have to be developed. For the remote
maintenance of patient data appropriate security concepts
must be evaluated. The connectivity for cost carriers is one
of the open investigation areas and so is the development of
security strategies for sensitive data.
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