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Abstract ownership or specific medical domains. A patient
should access medical services in a uniform and
The paper presents the architecture of a distridute transparent way anytime and anywhere. His/her
software system that manages patients’ health decor medical records should travel seamlessly between
and assures remote and interactive access to medicamedical entities (e.g. general practitioner, hagpit
services. In order to cover the complex relatiopshi laboratory) as required by his/her treatment péthis
between different medical concepts (symptoms,can be achieved with the intensive use of standamds
diseases, treatment, medication, etc.) and also toWith the adoption of a generally accepted termigglo
include “intelligence” in the software system an  Clearly an ontology-based approach is needed in
ontology-based approach was adopted. This solutionOrder to represent entities, ideas, and eventsgadath
together with the adoption of some widely accepted their properties and relations, as a form of knogée
medical standards (e.g. HL7, LOINC, etc.) assure representation about the medical world [1]. Unlike
interoperability and transparent data exchange Many other disciplines, medicine has a long standin
between various medical applications. The paper tradition in structuring its domain knowledge, e. g
presents a distributed healthcare system model indisease taxonomies, medical procedures, anatomical
which patients, doctors and software componentsterms and others, in a wide variety of medical
interact in order to assure better medical servichse  terminologies, thesauri and classification systems.
key factor in the implementation of this modelhis t A number of international organizations (e.g. HL7
extensive use of the domain’s ontology as the Hases consortium, ISO, CEN, etc.) are involved in a cazmpl
database definition and medical data processing. In ffort towards global classification and coding of
order to show the usefulness of the proposals ds we concepts and terms used in medical domain. There ar
as their effectiveness in electronic management ofalso a number of international research projeaided
patients  health records an  experimental On the development of new ITC models and
implementation of the proposed methodology is in methodologies for better medical information

work in the filed of cardio-vascular diseases. management.
This paper present our proposal for a healthcare

information system dedicated for cardio-vascular
1. Introduction diseases. Through the extension of the ontology the
proposed system may be used also for other medical
domains.

All the modern concepts of medical services are L .
b The rest of the article is organized as followseTh

centered on the healthcare consumer, the patieat wh :
receives medical attention or treatment. Recent second chapter presents the current state of otsear

developments in information technology and :jhet %OT‘Z'” ant(_ll t?e tht'r.d (;]ne Itpt)qresents tt:e prr?]p%sed
communication offer new opportunities in the IStributed, - patient-centricheafihcare - system ‘mode

implementation of high quality healthcare systems. The _next par_ts of the paper are dedicated to the
These technologies assure the support for betterpr'nc'p_IeS behlno! our ontological approach anaviag
medical data processing, more accurate diagnoses an"’® built our medical knowledge base.
easier access to medical services.

Today a major request imposed for medical systems
is the integration of the different medical appiicas
and services, regardless of their regional distidioy
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2. Related Work 3. Architecture of healthcare system

Medical informatics standards are critical for desi In order to define the system’s architecture a nermb
of terminologies, which are increasingly used to of aspects must be taken into consideration. Triseif
populate clinical databases. Medical classification the distributed nature of the medical data andisesv
medical coding, is the process of transforming Every entity involved in the medical system (gehera
descriptions of medical diagnoses and proceduttes in practitioners, hospitals, laboratories) should auistér
universal values. Some widely recognized medical their one medical information using an appropriate
coding standards used in our system are: application (server). But, a patient treatment may
« Diagnosis-Related Group (DRG) - system to classify involve a number of entities, so their correspogdin
hospital cases applications must exchange medical data concerning
« International Classification of Diseases and relate the patient. Automatic data transfer must be assure
health problems, fbrevision (ICD-10) [2] when a patient goes from his/her general practtiao
« Logical Observation Identifiers Names and Codes the laboratory or to the hospital and backwards.
(LOINC) - database and universal standard for Another important aspect taken into consideraten i
identifying laboratory observations [3] the possibility for a patient to access medicalises
« National Drug Code (NDC) - directory of registered from home, using a terminal (PC, PDA, intelligent
drug establishments provided by U.S. Food and DrugPhone). The system must allow off-line or on-line

Administration (FDA) [4] consultations and remote data acquisition fromgtibet
« Health Level Seven (HL7) provide standards for the medical equipments. o _ _
exchange, of electronic health information [5] The medical data security is another importantessu

The medical community has long been sensitive to All the transfers must be done in accordance with t
the need of modeling its knowledge and of makisg it Privacy rules accepted in medical systems.
terminologies explicit. Therefore, there exist sale
terminological or ontological resources that model Portal Acces Access using Client App.
parts of the medical domain: controlled medical
vocabularies such as the Systematized Nomenclafure
Medicine, Clinical Terms (SNOMED CT) [6], GALEN
[7], MENELAS [8], ONIONS library [9], or the highly
complex UMLS [10] used to allow a standard, acaurat
exchange of data content between different systas
providers.

SNOMED, the Systematized Nomenclature of
Medicine, is a standardized medical vocabulary that
has been accepted internationally. Intended to
completely and logically interrelate groupings of
defined medical terms, SNOMED is a formalized,
information-packed set of more than 300,000 coded HL7 - Web
medical terms. Figl. General view of the Distributed system

UMLS, the Unified Medical Language System is an  Figure 1 shows the general view of the proposed
umbrella system which covers many medical thesaurisystem, in which the following elements can be
and classifications. From a conceptual perspecthee, identified:

UMLS can be divided into a Semantic Network (SN) ¢ medical applications (servers) adapted for every

which forms the upper ontology and consists of type of medical entity (general practitioner office

semantic types linked by semantic relations and ahospital, laboratory application)

Meta-thesaurus which contains concepts assigned toe main actors of the system: patients at home, gknera

one or more types. Given the size, the evolutionary practitioners, specialists (in hospitals), laborato

diversity and inherent heterogeneity of this huge analysts

UMLS semantic network, there is no surprise that th « interactions between actors and servers and between

lack of a formal semantic foundation leads to servers

inconsistencies and circular definitions [11]. A medical application (server) has a multi-layer
structure. Figure 2 shows the main software
components organized on the following layers: maldic




knowledge database layer, access control layen datused to keep track of the usage of resources,acmbst
processing layer and user and service interfae lay will export data to other resource management siste

WEB Portal for human B2B 4. Ontology for the Cardiology Domain
access interfac web service
In our approach the ontology has the central réle o
Patient Ull| Physician U||Laboratory Ul AIPFt’ t0 App knowledge representation. It contains domain cotscep
nterface and knowledge about patient characteristics.
Business interactions block The main part of the ontology implemented in our
Diagnosis& Statistical G proj_ect_is inspired by a knowledge_ base that should
Treatment Processing AT Tt assist in management of heart failure patients. The
current version of the constructed heart failure
Access Control Lay: ontology is presented in [12] and it is available a
http://lis.irb.hr/heartfaid/ontology/ The design of the
Medical knowledge database layer heart failure ontology has started from the terms
defined in [13]. In order to connect the ontology
Patient Health Knowledge | | Resource concepts with the terms defined in UMLS appropriate
record: record: databas datahas references were introduced for every concept.

We built the medical ontology encoded in an interna
format of a database, without a representationatgad
by a human user. All the ontology’'s elements were

. . . __properly translated in our database. So we havegab
The database is structured on 4 components: patien )
. In our database to store concepts, instances ckpis)
records, medical documents, knowledge base and

. concept hierarchy and relationships between diftere
resources database. The patient records part satires :
. . . ; ! . concepts and instances, synonyms and UMSL
the medical information concerning patients: . ;
; .- synonyms. The slots from ontology are a little bit
demographic data (recorded once) and periodical 7. i
) difficult to store in the database so we need many
observations (results of consults). The knowledaseb L
. . ; tables to store these properties: tables to stiotés s
preserves all the concepts and relations definetian i : :
- o ., characteristics like name, tables to store possible
domain’s ontology and it is the bases for medical S
. . . associations, and tables to store the actual vadfies
reasoning and decision. The proposed ontology will ! .
o LR these slot. According to this we have for example
support applications both individually and, more

) o . tables to store the fact thdhtlicated is the name of a
importantly, within an environment of heterogeneous L . _
. . . . ; slot connecting instances and also that this soa i
inter-working clinical information systems. The

resources database is used to administer finaanil valid property only for instances of concepEatient

medical resources (e treatment costs, dru Scharacteristicé, " Testing, “CHF risks,
. f 9 . ' 9 “Classificatioi and “Treatment We can store the
equipments’ usage, etc.) The medical documents partfact that for Felodipin€ (which is an instance of

preserves all the official documents generatednguri “Calcium antagonistand further an instance of the

the healthcare process. . . o o
. . super classHeart failure medication group this slot
The access control layer is responsible for the:

authorization of wusers for different operations: is related to instances likeDiastolic hypertensiofy

. — . e “Unstable angindand “Systolic hypertensidnwhich
recording, viewing medical data, modifying records, ; : e
. . . ) . are instances of concep®dtient characteristics For
etc. The business interaction block is managing the

interactions between the actors and the systemglari “exampl_e the |nstar_1cesDIastol|c ‘hypertensp’h and
. . ) . Systolic hypertensidrof concept Hypertensioh are
medical procedure in accordance with rules in the

ontology (based on treatment plans). The diag “Patle_nt characteristics'via sub ?IassesD‘|agn05|§,
. T f Cardiovascular system relatéd” Artery and blood
treatment module is the decision support unit fa t ; w .
. . . . __disorder’ and “Blood pressure disordér
medical diagnoses. This module generates suggsstion ; S
. o . Medical plans have the goal of indicating the
concerning treatments based on the patient's medica , .~ . 2
e . decisions and tasks most appropriate for optimizing
data and rules specified in the ontology. The staéil ) ;
) : , health outcomes and controlling costs. They arét bui
processing module contains a set of predefined . T
- : either from loose indications of a preferred set of
procedures that allow statistical evaluations om th

. . L . choices or from normative rules requiring more ass|
medical data repository. The administration modsile ; q 9
strict adherence.

Fig2. Multi layer structure of the Distributed
Healthcare System
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PSL [14], merging the PSL ontology and the Heart
Failure ontology in our healthcare system.
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