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In medical research, one of major challenges is to archive, access, and analyse
various heterogeneous databases containing patient information gathered from a
large volume of data over a long period of time. The main objective of this paper is
(1) to examine how the use of metadata and ontologies can support the management
and integration of clinical research databases and (2) to present our ontology-based
metadata management system developed for the Cardiovascular Research
Department at MAHI. Using the concept of web services, our system is globally
accessible. The system is currently deployed on the existing medical information
system at Mid America Heart Institute (MAHI) and used for clinical research.
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1. INTRODUCTION
In medical research, investigators tend to work independently or in clusters of research teams. Raw
data collected in experiments or clinical trials is usually stored in some electronic form, to take
advantage of the powerful processing capabilities of scientific computing. Often, thereis a need to
exchange valuable information between different researchers or research groups, for the purpose of
independent analysis or the verification of experimental results. Increasingly, we are also seeing the
emergence of distributed scientific processing, for instance through GRID-based architectures
(Bramley et al, 2000). The Internet provides an important platform for this activity of medical
information exchange to take place. However, there are still some difficulties to resolve before
seamless interoperability and interchange can occur. The main cause for these limitations can be
viewed as the result of the diversity of computing platforms and data storage environments.
Different research groups rely on different technical infrastructure to carry out their work. In the
best case, these differences allow researchers to choose the most appropriate solution for their
particular study. However, this non-uniformity has also given rise to the problem of how to integrate
heterogeneous research data sources.

One promising line of approach is based on the use of metadata and ontologies. Metadata is
information that captures the characteristics of instance data from a data source (Vaduva and
Vetterli, 2001) possibly including the format and structure of the populated instance data, its
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organisation, and its underlying conceptual context. Metadata is used in locating information,
interpreting information, and integrating/transforming data. An ontology is an explicit specification
of the conceptualisation of a domain (Fensel, 2001). Ontologies let domain experts, system
developers, and applications perform reasoning about domain-specific information content.
Standardised information models (e.g. HL7 RIM) and electronic vocabularies (e.g. UMLS) can be
part of ontology. Ontologies allow the development of knowledge-based applications. Benefits of
using ontologies include: facilitate sharing between systems and reuse of knowledge, aid new
knowledge acquisition and improve the verification and validation of knowledge-based systems.

At the Mid-America Heart Institute (MAHI, 2003), there is an on-going effort to integrate
various databases contai ning patient information gathered over 20 years of clinical studies. The data
sources range from relational databasesto flat text-based files and proprietary legacy systems. Their
clinical research relies on definitions for concepts/conditions, which form the basis of their medical
research, provided by various medical organisations like American College of Cardiology (ACC,
2003), Society of Thoracic Surgeons (STS, 2003) and Unified Medical Language System (UMLS,
2003), etc. They are used to measure clinical outcomes, facilitate internal quality improvement
activities, meet regulatory mandates, and provide and individually utilise national benchmarks of
comparative data.

Our task was to examine how access to these data sources could be facilitated through a
centralised repository and analysis system. To that end, we considered a metadata management
architecture and designed a ontology to classify and describe the data sources available in aclinical
research environment. This allowed easier mapping between internal representation and standard-
ised external representation of data. Such a system would be of remarkable use to MAHI for both
data management and search/retrieval of the various concepts and definitions. In order to facilitate
the entire process, we have devel oped an ontol ogy-based UML S Integration Project (OUIP) system
that excels in both concept retrieval and data management purposes. The system semantically
integrates concepts retrieved from heterogeneous sources into the MAHI data repository.

2. PROBLEM STATEMENTS

In general, most clinical researchers do not think in terms of underlying database representations,
and prefer to perform information retrieval and analysis using familiar concepts from the medical
vocabulary. It isthe job of the information access system to transform the user’s requests, stated in
the domain-specific medical terminology, into the specific database queries. This points to the need
for a metadata management component to coordinate the translation, maintain mappings between
terminology and data source representations, as well as to keep the mapping information valid, as
the underlying data source may change or get updated over time.

Information integration is the task of providing uniform and transparent access to the data
managed by multiple databases (Lee, Bressan, Goh and Ramakrishnan, 1999; Calavense, et al,
1998). Broadly speaking, there are three types of data integration facilitated by the metadata
management component, namely physical integration, logical integration, and semantic integration.
Physical integration is the task of converting heterogeneous data sources into a common data
format (such as XML) (Cluet et al, 2001). Logical integration is the activity of relating all data to
common process models (e.g. HL7 model for a medical service like ‘diagnose patient’ or ‘report
outcomes’). Semantic integration allows cross-referencing, and sometimesinferencing, of datawith
regards to a common vocabulary or ontology (e.g. UMLS). In this work, we are interested in the
logical and semantic aspects of integrating data from different databases under a common process
model for clinical research.
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The requirements for metadata in a clinical research environment include:

» Describe content-independent information (e.g. location of patient medical record), domain
independent information (e.g. structure or format of the electronic patient record), and domain-
specific information (e.g. guidelines for treatment of patients with acute myocardial infarction).
The level of abstraction at which the information is represented is also described.

» Describe mapping and relationship between source data attributes and terms from a domain-
specific vocabulary (e.g. “the data type SK in an Observation field in a patient record has
relation codedValue to the term Sreptokinase in the institution’s standardised medical lexicon”).

» Describe rules for interpreting information in specific context (“ Patients with both diabetes
mellitus and coronary artery disease commonly have ischemic or hibernating myocardium
without symptoms of angina” ).

» Capture/record/compute and store the information in a machine-readable format.

» Enable quick retrieval during processing via an index or hierarchical organisation structure.
The typical metadata management at medical database systems including MAHI has been

manually performed: manually search for relevant concepts and type out the required ones into the

data repository. This results in typographical errors, redundant entries and inconsistent values in the
data repository where these definitions were stored. Such errors cause inconsistencies and
incompleteness in medical analyses reports. Thus, it is highly critical to collect such medical
concepts and definitions from disparate sources and then store them into a format according to local
requirements. Here are the requirements, which we should take into consideration. The system
should be flexible enough to detect already present concepts to avoid adding redundant information.

It should aso alow the user to add multiple definitions for the same medical concept i.e.

semantically integrate concepts from different sources, so that either of them can be used for

research. The system should be designed such that it does not need to modify the existing data format
used at MAHI, rather it should convert the definitions into a format that is housed locally at MAHI.

3. RELATED WORK

Over the past several years, the field that has been most active in building and using ontologies
(Gruber, 1993) has been Medical Informatics. There exist a large number of terminologies
developed for different purposes (literature indexing and retrieval, electronic patient records,
statistical reports on mortality, billing), in different subdomains (diseases, micro-organisms,
diagnoses, medical devices, procedures, drugs). These terminologies have been built by different
ingtitutions (World Health Organisation, National Library of Medicine, College of American
Pathologists, etc.). Each terminology has its own representation of the world, suitable for the
purpose it has been developed for.

Ontologies are seen as a key component of terminologies interoperation, integration and
information brokering systems (Amann et al, 2002). In van Heijst et al, (1997) knowledge
engineering was described to construct ontologies as schematic descriptions of the contents of
domain knowledge. Van Zyl and Corbett (2000) introduced a framework with support to compare
multiple ontologies and their tools within different kinds of applications. Integration and reuse of
ontologies can be evaluated using the framework for various applications including medical
information systems. The Unified Medical Language System (UMLS, 2003) is one example of on-
going efforts to define a comprehensive standardised el ectronic medical vocabulary for information
sharing. The knowledge sources in UMLS have been used by a wide variety of applications
programs to overcome retrieval problems caused by differences in terminology and the scattering
of relevant information across many databases.
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Recent metadata research focuses on data integration by understanding the schemas of the
underlying data sources using domain ontologies. The metadata-based approach isrelatively new to
medical informatics systems. Recent trends in medical information integration and exchange have
focused on federated database systems (e.g. the Synapses (Grimson, 2001)), or on the use of a data
warehousing solution (e.g. the CATCH (Berndt et al, 2001) methodology). However, these
approaches are dependent on a fixed record format or data warehouse schema to transform the
source data into a global schema. The main disadvantage is that it is not suitable for frequent
dynamic changes of schemas since the process of integration has to be repeated if a schema
changes. Also, autonomy is sacrificed to resolve schematic conflicts, because databases have to
reveal al information in their conceptual schemas, or alter its schema, to ease integration. Using a
fixed global schema also restricts the user’s ability to formulate queries based on different domain-
specific semantics (Halevy et al, 2003). Other metadata-based database integration projects include
DataFoundry (Critchlow et al,1998), DOME (Cui et al, 2001), and MIDAS (Kayshap and Sheth,
2001).

In the area of scientific research, data is exchanged between organisations to collect raw data
setsfor testing and analysis. To support interoperability and provide better access, several metadata
standardisation projects have been initiated. The Clinical Data Interchange Standards Consortium
(CDISC, 2003) standard aims to develop an XML -based metadata model to support standard data
interchange between medical and biopharmaceutical domains. Health-Level 7 (HL7, 2003) standard
represents an effort to define an Electronic Patient Record (EPR) standard for the healthcare
industry. EPRs represent patients' care lifecycle, ranging from epidemiology reports to insurance
and billing claims and are also seen as the central component for Clinical Data Warehousing
(Pedersen and Jensen, 1998). Hence, integrating data from different EPR systems is seen an
important challenge.

Our approach is similar to these efforts by assigning a metadata component the task of defining
the relationship between a domain ontology and the schemas of the underlying data sources. Our
main contribution is chiefly in the application domain, namely applying a metadata-based
architecture to databases and terminology used in cardiovascular clinical research.

4. OUR APPROACH
Now we describe our solution using an ontology-based resource brokering architecture applied to
clinical research needs.

4.1. Towards Semantic Under standing between K nowledge Bases

Information management is becoming increasingly crucial in the medical and healthcare domain.
This can be accounted for by: (1) theincreasing use of Electronic Patient Records (EPR) to integrate
the workflow of patient-related document management, (2) efforts to develop standards for data
from diverse healthcare domains for the purpose of medical messaging or indexing, and (3) the
increase in use of medical tools and diagnostic systems that record and store data of clinical interest
electronically, for example on relational DBMS.

One method that has been proposed to manage the heterogeneity of medical data has been the
use of ontologies, i.e. specifications of the conceptualisation of a domain, or conceptual schemas.
Ontologies carry the benefit of allowing various entities represented in different data sources to
have the same shared semantic meaning, taken from some domain of interest. Thus, queries for
integrated knowledge across the different data sources become possible by posing the queries
against the shared ontology.
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It is expected that to be practical and not overly complex, ontologies will be developed by
communities of userg/practitioners who will not necessarily be knowledge engineers or logicians
themselves. Data sources will then begin to resemble knowledge bases, allowing machine-
understandabl e access through their semantic-based schemas. However, this creates the possibility of
overlap again, as different ontologies may have equivalent concepts, or may in fact contain subsets of
separate ontologies within themselves. To support data integration, and subsequent query operation,
the separate ontologies must be classified and re-organised in alogical and semantic sense. Thus, the
concept of metadata becomes hel pful for managing data sources aswell astheir underlying ontologies.
This points to a need for aformal model for metadata management of ontol ogy-based data sources.

4.2. OUIP Data Elements

The data sources are discovered and shared through data registries that can be used by the medical
community. Medical registries differ in different organisations. Some organisations specifically
concentrate on cardiovascular data, whereas some concentrate on patient data etc. In order to
perform quality research that can be published and accepted worldwide, medical organisations need
to use data sources that are accepted and recommended by the international community.

In Table 1, we identify the types of metadata elements at the database and domain concepts
levels. Here, we view a resource as being a conceptual mapping to a set of related entities.
Resources are uniquely identified by a resource identifier. The role of the metadata manager is to
maintain and ensure the validity of the mappings between named resources from the two layers. At
each layer, the resource representation captures the current state of the resource. Retrievals are
performed using the associated representation interface. The resource model describes the structure
of the information being supplied, and is an important component for allowing interoperability.
Finally, the control data for a resource indicates how the information requests should be handled
based on the relationships within elements of a resource.

In the OUIP system, using standardised medical terms and concepts are maintained for more
effective information sharing and exchange with external organisations while incorporating such
accepted definitions into the codes are highly beneficial. The following are the resources currently
used by the OUIP system at MAHI.

Data Element DATABASE DOMAIN VOCABULARY
Resource Tables, objects, files, documents Concepts/Terms from domain
Resource identifier File name, key field Ontology name
Representation types  Relational, Object-Oriented, Frame logic (OKBC), Ontolingua,
Object-Relational, Flat file, OCML, F-logic, LOOM, RDF(S),
XML DAML+OIL
Representation SQL, Xpath syntax, Description Logic language
interface Vendor-specific syntax
Resource model Database schema Top-level ontology
Control data Referencing by key Inferencing by is-a, part-of,
connected-to, and other
representati on-defined relationships.

Table 1: Data Elements of a Metadata M anagement System
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MAHI Database: MAHI uses the code-based approach to represent medical terms and
concepts. The MAHI DR, a proprietary MAHI database, consists of codes used to represent
information: Code Table houses the codes with their descriptions, types and the active status,
assigned when a new concept integrated into the MAHI system. Code Definition: A code can have
multiple definitions and thus library IDs are associated with them. This can easily allow the user to
identify the source for a particular definition. Code List Value: A code might have list values (e.g.,
Weight might have list values ‘Pounds’, ‘Kilograms', ‘Grams’, etc.). Code Group Xref: A code
which might belong to a particular group (e.g., ‘Patient Last Name', ‘Patient Address' etc) aso
belongs to the ‘Patient Demographics’ group. Such references are made in this particular table.
Code Alias Table: Codes may have aliases (e.g., Code ‘Myocardia Infarction’ has an alias ‘MI’).
Code Library Table: Currently MAHI uses concepts from the following libraries viz. the UMLS,
the ACC and the STS. Each of these libraries are assigned unique library IDs in this table.

ACC Database: The American College of Cardiology (ACC, 2003) has provided a listing of
142 definitions, separated into various groups, as part of efforts to standardize Cardiovascular (CV)
research and reporting. More than 27,000 cardiologists from the U.S. and around the world are
members of ACC.

STS Database: The Society of Thoracic Surgeons (STS, 2003) has a classification of 242
definitions, subdivided into various categories. The aim of the STS definitions is to standardise
information storage in cardiothoracic-related medical databases and, in fact, improve the quality
and practice of thoracic surgery as a specialty.

UMLS Ontology: The UMLS Metathesaurus (2003) contains information about biomedical
concepts and terms from many controlled vocabularies and classifications used in patient records,
administrative health data, and others. Currently, the UMLS Metathesaurus includes 776940
concepts, 2.10 million concept names, and 11,137,725 relationships (source: UMLS Knowledge
Sources, NLM, 2002). The Metathesaurus supports 26 separate data sources, including: 1CD2002
ICD-90-CM, HCPT02-HCPCS Version of Current Procedural Terminology, and MSH2002 Medical
Subject Headings. The Semantic Network contains information about the types or categories (e.g.,
"Disease or Syndrome," "Virus") to which all Metathesaurus concepts have been assigned and the
permissible relationships among these types (e.g., "Virus' causes "Disease or Syndrome”).

We constructed a customised ontology, called the OUIP ontology, to describe the meta-structure
of the code information that is stored in the MAHI Data Repository. The OUIP ontology represents
explicitly ashared understanding of theimportant conceptsinthe MAHI cardiovascular domain. They
describe a conceptualisation of the cardiovascular domain in a knowledge representation formalism
that can be used and shared among different health organisations (MAHI, 2003). The OUIP ontology
serves asacachefor al the MAHI related concepts. It provides a mapping of aMAHI related concept
definition to corresponding UMLS, STS and ACC definitions. In a way the local ontology serves as
a customised ontology that supports the retrievals of cardiovascular vocabularies and definition from
the various sources. Thus, any query made by the user first queries the local ontology. The polling
service notifies for any new concepts and the local ontology is updated accordingly. Thisincreasesthe
reliability of service (since the ontology is housed locally) and avoids a connection to the external
sources for every request made. The OUIP ontology was created using Protégé-2000 (2003) and
stored in RDF (2003) format and Ontology schemais stored in RDFS (2003).

4.3. OUIP Semantics of Metadata I ntegration
In this section, we describe the semantic model for metadata integration that is used in the MAHI
OUIP system. We consider a layered approach to metadata management where the layered stack
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consists of: (1) the resource layer, (2) the domain vocabulary layer, (3) the mapping layer, and (4)
the context layer.

A resource is amodule of informational content, and is the base physical representation of data
in the metadata management framework. At the resource layer, resources are formally stored in the
form R= {0, P, T}, where O is the object representation of resource R, P is the parent object of O,
and T is the type or schema of the resource. This alows the creation of a tree-structure for
representing data sources in terms of hierarchical parent-child relations between resources. Thus,
for example, in the XML data source containing: <patient><pid>1123</pid></patient>, the
resource representation for element <pid> has the Xpath (2003) expression to <pid>1123</pid>
asthe object, the X path expression to the enclosing node < patient> as parent, and the XML schema
fragment for the <pid> element as the type of resource. Relational resources and Object-oriented
resources are modeled intuitively as well using this tuple format.

A domain vocabulary is a set of statements S describing the concepts and relationships between
those concepts in the ontology for the domain of interest. A statement in a domain vocabulary Sis
formally represented in the triple form S= {sub, prop, val}, where sub is a concept representing the
subject of the statement, prop is arelationship (also a concept) representing a property of the subject,
and val is a concept or a literal representing the property’s value. Since sub, prop, and val can be
defined with statements, the triple format is sufficient to describe al concepts and linking
rel ationships between them, given that each statement is assigned a unique namespace as an identifier.

Mappings store how data source elements and domain vocabulary concepts are linked, as well
as how domain vocabulary concepts are linked between different vocabularies. There are two main
categories describing mappings, namely: (1) mappings from data source to domain vocabulary
(resources-to-concepts), and (2) mappings from domain vocabulary to another domain vocabulary
(concept-to-concept). For resources-to-concepts mapping, there are four cases to consider:

1. A single resource is used to instantiate a single concept, and the (semantically equivalent)
concept is found in one or more vocabularies.

2. A resource is used to instantiate a collection of concepts, and the concepts are found in one or
more vocabularies.

3. A set of resources are used to instantiate a single concept.

4. More than one resource, each representing the same semantically disjoint concept.

We formalise this category of mapping thus. A mapping of resource-to-concept is denoted
Mappinggc = {type, Ex/Ar, Ec/Ac}, where type indicates one of the above cases, Ey is a set of
equivalent resources (one or more), A is a set of resources to be aggregated, E gives the set of
equivalent concepts (one or more), and A represents a set of concepts to be aggregated. In the case
of a single resource to single concept mapping, there should be only one resource in Eg and one
concept (the oneit instantiates) in Ec. We allow the listing of more than one resourcein Eg and more
than one concept in E¢ in the same mapping, if the arities are the same. Thisistreated as an ordered
list of one-to-one mappings.

The second category of mappings is more challenging, asit requires some method for ontology
integration. One such technique has been proposed in Calvanese, Giacamo and Lenzerini (2001).
Here we will consider this category of mapping to be best specified as additional (mapping)
statements to be stored at the domain vocabulary layer.

The context layer stores the rules to determine if a mapping is applicable. This can be
represented formally as context rule CX = {E, C, A} where E is a set of one or more events to be
monitored, C is the set of one or more condition(s) to check against when the context is triggered,
and A is the set of one or more action to be performed if the condition(s) evaluate to true. We can
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adopt the concept of Active Rules here. In an Active Rule, the context is represented as declarative
statement:

ON some event e
IF some condition ¢
DO some action a

Thus, context isunderstood here to be arule that isfired to perform some allowed actionsif and
only if aset of conditions holds true. The primary event type that will be monitored for isthe Query
operation. Note that Active Rules may be nested, such that an event could trigger subsequent rules
to be activated. The conditions that cause the rules to be executed may include: (1) environmental
conditions (e.g. the detection of whether a data source is currently active or not), (2) semantic
conditions (e.g. the query source is from a medical application therefore only vocabularies from
medical-related domains are considered unless otherwise stated), and (3) logical conditions (e.g. the
existing data sources can only supply a partia result to the query, and thus the query has to be
separated into one or more queries for the answerable result). Actions here are operations that
generate a view of the global schema by activating the mappings that are permissible under the
conditions evaluated earlier.

4.4. The OUIPArchitecture

We have developed the Ontology-based UMLS Integration Project (OUIP) to provide transparent
access to heterogeneous data sources including Patient Admit files, and databases for Cath Lab
information and drug-specific studies. The metadata management component unifies and organises
the data sources by maintaining structural and semantic information about each source, recording
the relationships between attributes of the data sources with terms from a medical vocabulary, and
computing contextual information gleaned from these linkages and other resource-related
information. The contextual information iswhat allows the information retrieval system to generate
queries across heterogeneous sources and return only the information matching to the researcher’s
request criteria. Figure 1 shows the design of the architecture.

The Resource Broker is responsible for determining what data sources should be contacted to
meet a high-level user request for information. This is determined by searching through the
Resource Directory for metadata about data sources that match the request criteria. The parameters
are further refined based on constraints identified by the Contextual Knowledge Base. Then the
relevant metadata is returned to the Query Processor, which sends the low-level request to the
identified data sources.

The Metadata Repository handles the storage and management of the many types of metadata
used by the Resource Broker. The Metadata Repository is contacted by the Resource Broker when
a request for information is made by the user via the Query Processor. The Metadata Repository
supplies the Resource Broker with the resource identifiers and resource attributes relevant to the
query request, as well as any additional contextual information that pertains to retrieving and
interpreting those resource elements under the request conditions specified by the user. The
Metadata Repository also performs the polling service for Vocabulary Knowledge Base such as
UMLS using scheduling mechanisms.

The Resource Directory supplies the actual description of each database’'s content. This
information is stored in a common meta-model format. The use of a directory allows the attributes
stored across different data sources to be indexed and alows faster resource look-up. Content
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Figure 1: The OUIP System Architecture

descriptions here include parent-child relationships between attributes (for object-oriented or XML
data sources) and table-column relationships (for relational data sources), a human-readable
description of the attribute, and the syntax information to query that attribute (possibly a reference
to a stored SQL procedure or Xpath expression). The directory also stores content-independent
information such as the host server location for the data source.

The Vocabulary Knowledge Base supplies the domain-specific ontologies used to semantically
define concepts and terminology related to the clinical researchers’ work. This allows us to store
different ontology models and use the one most relevant to the user’s request for information. For
instance a separate ontology for describing Patients as Healthcare Customers (Patient Billing
ontology) or Patientsas Clinical Trial Participant (Clinical Trial ontology) could be used to integrate
heterogeneous data sources containing patient information, and generate appropriate contextual
information. This is aso useful for performing information focusing when retrieving information,
because we can make use of different ontology models that describe the same domain concept at
different levels of abstraction. For instance, a researcher investigating heart failure can specify
whether the level of abstraction should be at the Population, Individual, Organ, or Molecule level.
Finally, we can combine ontologies to search for concepts related to more than one domain model.

The Mappings Knowledge Base stores the mappings between the classes or properties in
different ontologies, as well as correspondences between the attributes in the physical data sources
with the abstract concepts represented in the ontologies. Generally one data source attribute can be
related to properties in one or more ontologies. Currently, the administrator has to specify the
mapping relationships, but inferencing based on data-mining techniques could be applied to
automatically obtain mappings (Fowler and Martin, 1997).

The Context Knowledge Base stores information related to the how the data source attributes
should be interpreted under specific request criteria. This knowledge base contains rules for what
constraints to apply to the resource broker when it composes the metadata for the query processor.

Journal of Research and Practice in Information Technology, Vol. 35, No. 2, May 2003 147



Ontology Based Metadata Management in Medical Domains

Inferencing is based on the supplied request, mapping information, and relationship between terms
in the relevant ontologies. This helps to refine the parameters for the data source queries, so that the
level of semantic accuracy is improved. It also makes the system more adaptable, as new context
rules can be added to handle different types of information requests.

We include well-defined Application Programming Interfaces (APIs) to the metadata
management component to make the available metadata services (Resource Broker and Metadata
Repository) accessible to other systems or applications. This allows the OUIP to be extensible,
beyond the basic functionality of user-entered queries.

5. THE OUIP IMPLEMENTATION

5.1. Implementation Environment

The OUIP system runs upon the Windows NT/2000 Operating Systems. Specifically, the OUIP
architecture consists of the following technologies: ASPNET web forms (using C#) for Presentation
layer, .NET web services, .NET components (using C#) for Middle/Business layer and SQL Server
2000 and XML (using ADO.NET access) for Datalayer. The MAHI ontology isrepresented in RDF
and Jena-1.4 tool is used for RDF query and update. Using the concept of web services, interface
to the OUIP system was easily made through HTTP applications like web browsers via the use of
XML messages thus providing a global access to the system. The OUIP system can be accessed
globally at MAHI (2003).

5.2. Performing Queries on OUIP

The OUIP Query interface (Figure 2) alows the user to query for the definition of a medical term
by submitting the query as a HTML form. The form components shown in the page includes:
Concept Text defines user types in the term to obtain the definition (e.g. Myocardial infarction,
hypertension); Timeline describes that definitions stored in the MAHI Data Repository are assigned

Figure 2: The OUIP Query Interface
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a date when they are activated. Inactive definitions are still maintained in the Repository, with the
date of inactivation. The Timeline drop down box allows the user to specify that only definitions
active during the selected year should be retrieved; Definition libraries describes the user can select
one or more libraries to search for adefinition to amedical term. In the current implementation, the
available libraries are: MAHI dlot for definitions available from the MAHI Data Repository; UMLS
for definitions available from the Unified Medical Language Server. The user can select a specific
UMLS data source to query. The available data sources are: Health Level 7 (HL7) vocabulary, ICD-
9-CM, ICD-10, MEDLINE, MeSH (Medical Subject Headings), SNOMED (Systemized
Nomenclature of Medicine), Neuromenes Brain Hierarchy; STS slot for definitions available from
Society of Thoracic Surgeons; ACC dot for definitions available from American College of
Cardiology; The Metadata Management link leads to a form for adding, modifying, and
deactivating code definitions (see Section 5.3 for more details).

If the concept entered by the user is discovered in one of the definition libraries, its definition is
returned to the user on the OUIP Results page (Figure 3). In general, results are returned with the
following information: The Library definition 1D describes the unique identifier for this term
according to the classification used by the definition’s source library.

In UMLS, the unique identifier is the CUID, while ACC and STS have their own IDs
respectively; The Library definition Name is the name assigned to the concept. Different
classifications may have different names for the same concepts (i.e. synonyms); The Library
Definition is a description or explanation of the meaning of the term, its proper usage, and/or the
process to which the term belongs; The Library specific fields describe additional information such
that for instance, ACC and STS include a group name as part of the definition returned. Concepts
from UML S are linked in a semantic network. Every medical term can be associated with terms that
satisfy a‘broader than’ or ‘narrower than’ relationship. For instance, * Acute myocardial infarction’
is a narrower term or specialization for the medical concept ‘Myocardial infarction’. Similarly,
‘Cardiovascular diseases is a broader term or generalisation of ‘Myocardial infarction’. OQUIP
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Figure 3: The OUIP Query Result Interface
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Figure 4: The OUIP Query XML Result Interface

provides the user with away to view these related terms. The results of a query may also be viewed
in XML format as shown in Figure 4.

5.3. Metadata M anagement
The Metadata Management user interface (Figure 5) allows the user to add a new concept to the

MAHI Data Repository, to add anew definition to an already existing concept, and to add list values

'il?k‘x
i 3

k=

Figure 5: The OUIP Metadata Management | nterface
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to customise user interface forms. In some cases, aterm being queried might not exist in the MAHI
Data Repository. If a query returns a match from the UMLS, ACC, or STS libraries, the user may
choose to incorporate this definition into the MAHI Data Repository. If a concept is already stored
in the MAHI Data Repository, the user may choose to add supplemental definitions from the
UMLS, ACC, or STSlibraries.

Adding a new code is synonymous with adding a new concept to the MAHI Data Repository.
Once the Code Entry form component is displayed, the user can enter in anew description and short
description for a concept and assign it to a MAHI Code Type. The concept can also be associated
with a Code Group that allows the concept or code to be used as a unique category for some
grouping of values. If the code is currently active, it will be displayed with an Active status value
of 1, or O if inactive. The user can also view alist of al currently inactive code, modify the code
entry or cancel changes, and retire or activate a code entry. A list is a group of values that may
appear as user options in a customised user interface. The metadata management interface allows
the user to add a value to a predefined user interface list in the MAHI Data Repository.

5.4. Use of the OUIP System at MAHI

The OUIP system aims to provide a useful medical resource to physicians, researchers and
biostatisticians at MAHI. Specifically, the system helps to provide a common user interface for
retrieving MAHI code definitions in terms of their relation to existing standardised medical
vocabularies. Currently, we have deployed the OUIP system at Mid America Heart Institute
(MAHI). The major stakeholders of the OUIP system as depicted in Figure 6 are Medical
Researcher, Knowledge Engineer, Database Administrator, and Clinical Application Systems. The
following use cases from different stakeholders perspective strengthen our claim of extensive
applicability of the OUIP system at Mid America Heart Institute.
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Figure 6: The OUIP usage at Mid America Heart Institute
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Medical Researcher: Magjor stakeholders of the OUIP system are medical researchers. Consider
a scenario. Dr. Johnson is preparing a paper about acute myocardial infarction for a cardiovascular
journal publication. His paper is based on the report that the MAHI database administrator
generates. However the report contains MAHI specific term “Acute MI” for a concept. He uses the
OUIP system to retrieve corresponding |CD-10 code (International Classification of disease) for the
MAHI specific concept “Acute MI” and describes MAHI specific concept "Acute MI" referred as
ICD-10 code “121”. Corresponding definitions can be further obtained from other sources such as
MeSH or MEDLINE through the OUIP Ul. This scenario demonstrates that the OUIP system allows
him to retrieve information about cardiovascular terminologies via a customised mapping between
interna representation and external representations.

Knowledge Engineer: The knowledge engineer (KE) is responsible for creating and
maintaining the OUIP ontology. KE &also performs Metadata management through the OUIP user
interface. As part of metadata management KE specifies mapping rules between local schemas and
local access operationsinto global schemas and access operations into another model. The metadata
knowledge provides enough information regarding the semantics and source attributes. In addition,
KE defines trandlation rules for data. For example, A term Cardiovascular Disease borrowed from
UMLS data source has broader concept DISEASES. It means that the data has a source UMLS and
needs to be translated and stored in the DISEASES hierarchy when storing it locally. The OUIP
system alows him/her to add multiple definitions for the same medical concept i.e. semantically
integrate concepts from different sources.

Database Administrator: The database administrator is mainly concerned with creating and
updating database schema associated with the OUIP metadata. The OUIP system helps him/her to
understand the semantics of underlying data elements and schemas.

Clinical Application Systems. Major sets of clinical applications systems that would benefit
from the OUIP system are medical decision support systems, cross-organisational collaborative
clinical research, and clinical data warehousing. For instance, Mid America Heart Institute is
working with various medical communities across the United States as a part of Cardiovascular
Outcomes Research Consortium (2003). The main objective of this consortium isto assist delivery
of healthcare today and provide a trandation infrastructure to eradicate disease in the future. The
research focuses on facilitating seamless interoperability between various medical institutions that
have different semantic interpretation of the same domain. The OUIP system would play the role of
a language mediator for the communication amongst such semantically variegated medical
institutions.

6. CONCLUSION

This paper presented an ontol ogy-based metadata management system, OUIP, which integrates data
from heterogeneous sources such as ACC, STS and UMLS. The ontology-based metadata
management system allows a customised integration of heterogeneous clinical databases. The
automatic mechanisms employed by the system to maintain the metadata of the MAHI databases
were shown to be promising. The deployment of the OUIP system at the Cardiovascular Research
department at MAHI (2003) verified the feasibility of the proposed OUIP model. Further, flexible
presentation (a user-specified view) and data quality control (for data accuracy and integrity) are
very critical issuesin the clinical research environment. The OUIP system is being implemented to
incorporate data quality control and presentation components, which would increase the accuracy
of information management, into the OUIP system.
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