Documenting the semantics of medical data
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 Automated processing of health-related data
The main goal of MediGrid, a Czech project whose partners are CESNET (Czech national research and education network operator), and two large hospitals is to propose and test MediGrid – a modular application system for distributed processing of health-related data . It is based on Grid network as the underlying integrating technology that allows implementing specialized expert modules for data sharing (including modules with possibility of real time data sharing and teleconsultations), modules for data harvesting and analysis and modules for scientific information exchange. (1)

To allow automated interaction of data and knowledge and collaboration of modules in complex operations, each part of the system must be described exactly and unambiguously. Unfortunately, traditional systems of terminology and classification systems are of limited use  for such a description. Therefore, we propose a new solution for documenting the semantics of medical data.

Data and indicators
To underline the subjective nature of medical data and knowledge, we describe medical data as indicators: the term indicator is used in accord with Husserl to denote a record created by someone (including records created with the help of machines) in order to be read and understood by someone. The nature of indicators is that  they motivate some belief or surmise in the reality of  something (2).
There could be an objection that there is no need to use such a philosophical construct as indicator when the entities with which MediGrid deals could be simply called data records. There are two main reasons for using the term indicator. First, the term data record is quite overloaded while we need a term with a clearly defined meaning, which is perfectly fullfilled by indicator. And secondly, in the term indicator the subject taking the record is also reflected. 

Sometimes it is possible to derive a new indicator useful for the physician from one or more existing indicators without his direct participation in the process. This work can be done by someone following a known algorithm or by an automaton. The automaton can for example carry out a calculation of BMI from the records of body height and body weight,  an operation that transforms height and weight measurement indicators  into BMI indicator. Automated tools for indicator transformations are called modules; a module implements a relation among indicators.

Indicators can be divided into classes according to their roles in transformations (e.g. indicators documenting body height). From the algebraic point of view, modules can be described as relations among indicator classes.

The main components of MediGrid are therefore  a collection of modules (each module implementing one relation, be it   some kind of an algorithm or an expert consultation or even a conference of experts), module sorter and a documentation service. Module sorter, responsible for automated chaining of modules, is an extension of GRID net mechanisms, while the documentation service is used for unambiguous description of semantics, especially of semantics of modules (relations) and of indicator classes.

Unambiguous description of data and their relations

A number  of terminological and classification systems exists in medicine, used for various purpose and in various specialties, ie. MeSH for bibliographic records indexing, ICD for diseases classification, lists of laboratory items etc.,  their common attribute being hierarchical structure and prevailing taxonomic, synonymic or meronymic character of relations among terms.

As such systems proved only a limited use for purposes of knowledge oriented applications (not only in medicine) the term “ontology” is being used  since 90's in this context as explicit specification of conceptualization (only metaphorically related to its meaning in philosophy as a theory of being or a universal scheme describing objects, phenomenons and inherents laws of the universe as it is) (3).

Several of the traditional systems, such as SNOMED or UMLS, that cover the whole field of medicine, are ranked among medical ontologies but from a strict formal view they contain many inconsistencies and inaccuracies (4), therefore some new systems (e.g. OpenGALEN, On9) are being developed just with regard to maintaining of formal ontology rules (consistency and expliciteness of the terms and relations). Their main problem is, that they are typically structured from the top (e.g. The “Generic model” in OpenGALEN, “NCI Thesaurus” in UMLS), whereas the concepts, utilized in the clinical applications of the algorithmic medicine are very “low-level”: none of the systems is currently able to formally represent e.g. “the patient's body weight before an exercise” (the indicator commonly utilized in the exercise medicine) without substantial rearrangements and expansion of the concept tree. The MediGrid description model overcomes this by building the concept tree from the individual indicators, semantically and algorithmically connected by the relations between them.

The problems that arise from description of medical algorithms with the use of existing “ontologies” can be demonstrated by using UMLS for the description of such a simple algorithm as calculation of body mass index (BMI)

Unified Medical Language System (UMLS®) serves for system developers in building information systems dealing with processing, retrieving, integrating and aggregating biomedical information.
 There are three UMLS Knowledge Sources: the Metathesaurus, the Semantic Network, and the SPECIALIST Lexicon. The Metathesaurus is a very large, multi-purpose, and multi-lingual vocabulary database that contains information about biomedical and health-related concepts, their various names, and the relationships among them. It consists from lexica of various controlled vocabularies, thesauri and term lists. All concepts in the Metathesaurus are assigned to at least one semantic type from the Semantic Network. This provides consistent categorization of all concepts in the Metathesaurus at the relatively general level represented in the Semantic Network. (5) For the purpose of data description Metathesaurus and Semantic network are essential.

The basic characteristics of each module, substantial for its retrieving in MedGrid, are its input and output indicator classes. In our BMI example these are: inputs – indicator classes body weight and body height, and output – indicator class BMI.

A corresponding Metathesaurus concept can be found for each of these indicator classes: body weight (cui C0005910), body height (cui C0005890), body mass index (cui C1305855), but there is no concept for the module itself, eg. something like “BMI calculation”. By taking a closer look it can be found that “body weight” concept falls within the Organism Attribute type, the same applies to “body height” which is moreover a Quantitative Concept, and “body mass index” is a Clinical Attribute. Again, no sematic type for computations exists.

Relationships between concepts are not explicitly specified (with the exception of is_a) and can only be derived them from the relationships between corresponding semantic types in the semantic network. The relationships between the semantic types of Organism Attribute (OA) and Clinical Attribute (CA) are following: CA is_a OA, CA associated_with OA, CA degree_of OA, OA associated_with CA and OA degree_of CA. None of the relationships types corresponds to the nature of the relationships between the BMI, body height and body weight. Also none of the relationships can be utilized in the algorithmic data processing of body weight and body height. Semantic network differentiates neither complex relationships like body_mass_index_calculation nor binary relationships such as is_input_of, is_output_of, has_input, has_output, that could be of use in our example.

It can be seen from this example that for MediGrid automatic interaction of data and modules and algorithm linking, a different ontology of medical data and knowledge has to be constructed. This construction is based on the proposed Documentation service.

Documentation service and the supported ontology
The main task of Documentation Service (DS) is to address the problem of unambiguous description of data and algorithms and to prove evidence / credibility for modules. At the same time, DS is meant to serve as a mean of scientific communication between individual specialists, a network for sharing of unique knowledge and also as an evidence in evidence based medicine.

Metadata of three basic entity categories are stored in the DS: metadata of modules, metadata of indicator classes and metadata of citations. Indicator class is defined by a concept derived from one of the controlled vocabularies. Primarily UMLS concepts are to be used whenever possible, but where the UMLS concepts are either too vague or actually nonexistent, it is possible to use other vocabularies or even to create a user vocabulary. A part of documentation is also an author identification (code) and a description citing  relevant documents. Correspondingly, module documentation contains author code, module title,its URI and a structured description with relevant citations.

The documentation is primarily kept in a machine-readable (database) format, and it is presented to users in application-specific views.
Based on the machine-readable documentation, an  ontology, which later serves for retrieval of modules and their chaining in a workflow, can be generated. It is not a static ontology,  but an ad-hoc generated ontology, that contains only entities(indicator classes and modules) currently existing and documented  and their relationships. Therefore, this ontology changes every time a new knowledge element (algorithm) is implemented.

Documentation for end-users is intended especially for unambiguation of the meaning of individual indicator classes and modules and for their differentiation. Citations are also used to  confirm the value and credibility (evidence-base) of implemented algorithms. Together it can serve as a unique scientific publication that will be available to public and may also be used as a resource for other information systems (therefore the use of Dublin Core metada format for the documentation itself is being considered).

DS schema

 SHAPE 



Citations

The part of the DS that deals with citations is similar to a simple reference manager (the typical examples being EndNote or ProCite) that allows to save a record of any published or unpublished information, both manually and by acquiring the record from an external database, to insert the citation into documentation, to interconnect the citation with some external resource (fulltext or bibliographic database). There are two more functions designed purely for the needs of automated processing of semantics contained in the citations: quality evaluation, that is done semi-automatically, based on data inserted by the user, and specification of the type of relationship between the citing and the cited documents.

Suitable DS record format has to satisfy several conditions:

1. Based on XML, with existing XML Schema usable on application level. All metadata contained in DS are saved in XML and their form is prescribed by XML schema. The format must not be too complicated, because it will be used primarily by clinicians (not by librarians), moreover the goal of DS is not to build a fully functional bibliographic database.

2. Allows citing any published or unpublished information in any form (print or electronic)

3. Supports evaluation of quality and relevance.

4. Conforms with Vancouver requirements.

5. Allows arbitrary extending  to meet the needs of DS.

6. Compatible especially with PubMed.

7. 
8. 
9. 
10. 
11. 
The original idea was to use any of XML schema of existing metadata formats (ie. MARC21 or Dublin Core). Available XML schemas (or DTD where schema does not exist) aretherefore  being analyzed, but so far it seems that a specific format will have to be created on the basis of MODS (Metadata Object Description Scheme, a MARC21 XML version) or DiVA formats.

Conclusion 
Documentation service in this proposed form is now being implemented within the framework of the MediGrid project. Its functionality, especially the use of ad-hoc generated ontologies for processing of health-related data, will then be tested – as a novel approach to unambiguous representation of medical knowledge, readily available for exploitation in computerized information systems.
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