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ABSTRACT
Ontologies are frameworks for representing shareable and reusable knowledge across a domain. Their ability to describe relationships and their high interconnectedness make them the basis for modeling high-quality, linked, coherent data. It always includes machine–interpretable ( Artificial Intelligence) definitions of the basic concepts in the domain and the relations among them. The development of Medical ontologies using common clinical data is a very important issue to record healthcare patient history, using medical guidelines, and to services accountability and assumptions explicit. The resulting Medical Ontology can prevent redundancies and inconsistencies in this large technology.
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1. INTRODUCTION 
         Ontology is the branch of philosophy that studies concepts such as existence, being, becoming, and reality. It includes the questions of how entities are grouped into basic categories and which of these entities exist on the most fundamental level1.  An ontology is a knowledge model that represents a set of concepts within a domain and the relationships among these concepts. Ontologies facilitate representation, concept instantiation, and instance-based reasoning within a domain. Ontologies are one of the most successful ways of representing actionable knowledge in biomedicine2. Two of the reasons for this success are their ability to capture biomedical knowledge in a formal but simple, powerful, and incremental manner, and their easy application in the reasoning processes performed by medical decision support systems2. 
       In health care, the most common, complex and resource-consuming clinical cases to deal with correspond to chronically ill patients , who are a kind of patients that deserve long term and simultaneous assistance provided by several sorts of professionals, as for example family doctors, specialists, nurses, or social workers.In order to deal with this highly variable kind of patients, we need mechanisms to personalize the knowledge describing both the condition of these patients and the intervention plan for these patients. But we also need mechanisms to assess whether the decisions and recommendations on these patients are correct or not in part because the possibilities of over- and under-treat these kind of patients can be very high3.

2. MEDICAL ONTOLOGY
                      Medical ontologies aim to provide the community with a standard representation and vocabulary for describing and analysing data so as to derive meaningful inferences4. Interesting as it sounds there are multiple issues that need to be addressed.Deployment of new products and services in healthcare requires long, incremental and path-dependent innovation processes, which are strongly influenced by medical practice and developments in many different sectors, technologies and scientific disciplines.Specialised networks composed of organisations involved in healthcare innovation have been developed worldwide to support these innovation processes 
              The number of hospitals incorporating structures focused on innovation management and technology transfer is growing. This paradigm shift is based on the acknowledgement of hospitals as knowledge generators7. The knowledge generated can be transferred to the market through innovations that may help to improve the sustainability of the healthcare system8.The implementation of innovations in the healthcare environment is influenced by multiple factors related to organisations, professionals and users, innovation facilities, procedures and socio-political context.A health-care ontology to organize the terms used to describe chronically ill patients8. This is called the case profile ontology and it is used as a knowledge base for the personalization of patient conditions and intervention plans, and also as the core of a medical decision support tool that helps health-care professionals to detect feasible medical and social inconsistencies in the available data of chronically ill patients under treatment9.
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Figure.1. Medical ontology
3. ONTOLOGY AND DIAGNOSIS
              Diagnostic classification (i.e. classifying a patient as having a particular disease) is an issue  to be addressed for medically important applications as assisted recruitment of patients inclinical trials or for triggering computerized guidelines10.Ontology and associated generic tools are appropriate for knowledge modelling and reasoning .Basically, ontology is a collection of definitions of concepts and the shared understanding comes from the fact that all the agents interpret the concepts w.r.t. the same ontology11.In medicine, to make sure that different agents have a common understanding of diseases’diagnostic criteria, one needs ontology in which terms are described, and which thus rep-resent the criteria on which a specific patient may be classified under a specific diseaseclass12. Description logic (DL) systems provide their users with inference capabilities. Most of the time, disease definitions in existing DL ontology are suitable for determiningwhether a class is subsumed by another and for ensuring consistency but are not sufficientto classify patients’characteristics under a particular disease13. It is because they do not address operational definitions of diseases but rather Aristotelian definitions (the operational definitions of diseases are mostly based on the association of signs and symptoms= diagnostic criteria)14. For example, the spondyloarthritis (SpA) in SNOMED-CT is definedby its pathologic process (inflammation) and anatomical location (joint of spine), but not by its clinical or biological signs showed that eligibility criteria are often more useful than the Aristotelian definitions traditionally used in Ontology for diagnostic classification.Thereupon, it is legitimate to ask whether the signs of the disease should be included in the ontology and if conventional ontology classifiers are able to classify a class that would have the required combination of signs.This issue of representation is also justified by the development of expert systems called second generation which want to clearly separate the domain knowledge from the control knowledge15. Indeed, knowledge-based systems separate“descriptive knowledge” from“procedural knowledge”.“Descriptive knowledge”describes the concepts in the domain and the relations among them. This part of knowledge describes how things are.“Procedural knowledge”is the knowledge of how to perform, or how to operate16.Some knowledge can be viewed either as“descriptive knowledge”or as“procedural knowledge”. Indeed, if the relationships between diseases and signs are not represented in the ontology (as domain knowledge), these relationships can be represented in terms of rules (e.g. Semantic Web Rule Language (SWRL)), but then, they could not take advantage of the ontological structure and of the ontology generic tools that is: the consistency checking of knowledge and ease of updating knowledgeas and when they evolve17. 

4. WRAPPER SYSTEM IN ONTOLOGY
         A wrapper system integrating these two personalizations and the decision support tool was also implemented. With this system, the ontology can be directly maintained (and extended) by health-care professionals without any intervention of information technology specialists18. As the ontology grows up with new medical concepts and properties, the diversity of patients that our system is able to deal with increases, the possible intervention plans can be more detailed and accurate, and the decision support system automatically becomes more powerful. Therefore, the health-care utility of the system is exclusively dependent on the incorporation of new knowledge in the case profile ontology19.

[image: image2.png]personalisat

ion of
patient
condition

Personalisati
on of patient
Intervention

*Case profile
ontology

*Formal
Intervention

Formal

interventional
plans

Ontology

Wrapper

*Patient
Health care
Record
Record
Wrapper





	             HEALTH CARE PROFESSIONALS


Figure. 2. Wrapper system in Health care Ontology
          In this work, a patient condition is considered to be all the past and current medical and social information about the patient that may affect the professional immediate and short term management of that patient20. This information is mainly composed of the patient signs, symptoms and diagnoses, but it also may include family antecedents and social conditions and limitations. A formal intervention plan is a computer-interpretable structure representing the heath care procedures to assist patients suffering from one particular disease, syndrome, or social issue. It contains indications to all the actors involved in the care process (i.e., health-care professionals, care givers, etc.) in order to provide the best coordinated action plan possible21. Both the ontology and the formal intervention plans are mutually related and they define the knowledge base on which two knowledge personalization procedures and one decision support tool are implemented22.

          Given the condition of a chronically ill patient (or a patient type), the ontology is used to personalize the medical and social knowledge available for that patient, discarding all the knowledge that is not related to that patient condition. This personalization process concludes with a patient-oriented ontology that contains the medical concepts and the relationships confirmed by the patient condition (i.e., confirmed knowledge), but also those other concepts and relationships that are not observed in the patient condition but that should have been observed or that are feasible to be observed, according to the knowledge contained in the case profile ontology23 (i.e., unconfirmed knowledge).At the same time, the patient condition, the formal intervention plans related to the diseases, syndromes, and social issues of that comorbid patient (or patient type) and the case profile ontology are used by another personalization procedure to provide a unified intervention plan for that patient. So, in our system, the information about how to deal with comorbid patients is not necessarily scattered across several intervention whose application has to be synchronized, but described with a single unified intervention plan whose application is much easier, medically intuitive, and controllable24.

           The third and last application of the case profile ontology is in a cyclic on-line decision support tool whose main purpose is to help professionals in health-care processes as prevention, diagnosis and therapy planning. Starting with a patient condition which is represented by a subset of the terms in the ontology, this tool explores the ontology to find possible additional or alternative diagnoses, feasible signs and symptoms that are not observed in the patient condition, additional tests to check and to assess these signs and symptoms, and the available interventions to deal with the new medical and social problems observed for the patient25. As the user of the decision support tool (e.g., a physician, nurse or social worker) confirms or performs some of these recommendations, the information about the patient and the treatment may change and this new information can cause the decision tool to continue providing new suggestions to the health-care professional. This loop stops either when the tool is not able to provide new suggestions or when the health-care professional considers that the current condition of the patient is perfectly represented by the accepted diagnoses, signs and symptoms, assessments, and interventions. At any point, the decision about what the patient has and does not have is left to the professional who is using the tool26.

             Both the personalized ontology and the unified intervention plan of a patient may evolve as the patient condition changes (i.e., when the information about the patient changes in the health-care record of that patient) or as a result of the application of the decision support tool to find out new medical knowledge about the analysed patient. These evolved ontologies and unified intervention plans can be successively stored as part of the health-care record of that patient, Notice that these ontologies are not aimed to contain the clinical information about the patient, but the subset of general clinical information that is relevant to the patient in a concrete moment. The information of the patient remains in the health-care record of the patient27.  The case profile ontology and the formal intervention plans of the most common diseases of chronically ill patients, are integrated in a computer application to help general practitioners in their daily tasks of visiting patients, follow-up, diagnosis, planning of treatments and foreseeing evolutions28. Concretely, it allows users (1) to provide a detailed and sound description of the medical and social condition of a single patient or a patient type, (2) to isolate the health-care knowledge related to a patient condition from the case profile ontology, (3) to automatically obtain an intervention plan adjusted to the patient health-care requirements, (4) to help physicians in the processes of disease prevention and detection, and (5) to facilitate the task of finding the most accurate intervention in each particular moment29.

The integration of these technologies in the system depicted in Fig. 1 aims at providing health-care professionals dealing with chronically ill patients with an integrated tool that helps them in decision and analysis tasks. 
        The decision tasks at the point and time of care are to determine the condition of new arriving patients, and to refine predefined standard evidence-based treatments in order to obtain and validate a unified intervention plan adapted to the health-care and social needs of the patient during the first and the follow-up visits29. The analysis task is to help the physician to study the available information about the patient in order to detect anomalous circumstances such as wrong diagnoses, unobserved comorbidities, missing information, unobserved related diseases, or preventive actions. The system works automatically for the first and the last tasks and semi-automatically for the second one. The interface allows graphical representation and refinement of intervention plans and provides dialogs for the rest of the tasks29. 

5. ONTOLOGIES FOR INNOVATION MANAGEMENT
             Information technologies have a strong impact on the organisational structure of governments, hospitals, healthcare centres and private companies. These organisations rely upon this technology for collecting, producing, representing, processing and exchanging information. They increasingly depend on information technology standards and protocols to guarantee the mechanism for information management that forms the basis of collaborative work. As a result, how data are collected in information systems has a direct impact on the potential to process and exploit information within an organisation. The HTI field involves professionals from multiple knowledge areas such as medicine, engineering, economics and law. The large number of different backgrounds in this relatively new field necessitates consensus on the concepts used. During the development of the ITEMAS information system, we detected discrepancies between professionals with respect to the semantics of several terms and taxonomies. As a result, there arose a need for a mechanism to represent knowledge based on consensus between the relevant parties29.

        In the field of artificial intelligence, the explicit formal specifications of the terms in the domain and the relationships between them are expressed as an ontology. An ontology is thus defined as a “formal naming and definition of the types, properties, and interrelationships of the entities that really exist in a particular domain”. The definition of an ontology conveys the following benefits: (1) representing and sharing knowledge defined by consensus between multiple stakeholders, (2) defining a communication specification between multiple systems, (3) retrieving information based on semantic search engines, and (4) applying inductive reasoning mechanisms to generate inferences from the data collected. We can find examples of ontologies focused on innovation, including a small set of concepts about how innovations are proposed to solve unmet needs. Other experiences focused on innovation management do not take into account existing standards for innovation management systems30. Therefore, there remains a need to define an ontology for innovation focused on healthcare centres.   The ITEMAS ontology was defined by the ITEMAS Information Management System Working Group, following the ‘methontology’ methodology, which guides the definition of ontology through a set of activities such as specifying, conceptualising, formalising, implementing and maintaining concepts The ontology focused mainly on HTI in public healthcare institutions.

6. TEAM COMPOSITION AND COORDINATION
          The ITEMAS ontology was developed by the Information Management System Working Group, which comprised 13 members (3 ontology editors and 9 reviewers) and held 9 teleconferences between March and December 2017. Table 1 details the background and experience of the team members30. All the 13 members participating in this research as ontology editors or reviewers have been involved in the implementation of innovation processes as part of the innovation units of the ITEMAS centres. They have also participated in the development and implementation of innovations. Platform ITEMAS has developed and implemented a Best Practices Guide in healthcare innovation management that has been published and shared among ITEMAS members, collaborators and different institutions involved in healthcare innovation30 (government agencies, companies, research centres, etc.).

7. IMPLEMENTATION
        The Protégé tool was applied to develop a class for each of the 134 concepts defined, and all properties, relationships and hierarchies were specified. The ontology was exported as an OWL file and uploaded to the Bioportal ontology repository. 
Employee: An employee is defined as a person who works for a public or private organisation. The ontology discriminates between employees working for institutions (healthcare centres, research centres, hospitals and foundations) and those working for companies. In order to evaluate the level of innovation in public healthcare institutions, employees working in healthcare centres and research institutions include characteristics associated with their relationship with innovation such as participation as the main researcher or collaborator in R&D projects and authorship of new innovative ideas or articles published in research journals. Moreover, the position in the organisation is detailed30.
Ideas and innovation funnel: New ideas are considered the basis for generating innovation in organisations. Ideas can evolve through the following stages: (1) idea capture, (2) valorisation, (3) development, (4) transference and (5) market. The ontology defines the relationship ‘has Idea’ between employees and ideas, to track the generators of ideas30.

Project: Projects are generated from ideas that receive a positive valorisation. Projects are classified based on their focus (research, development or innovation) and status (requested, granted, denied, active and closed). Projects include properties specifying the call, objectives, results and evaluation. Moreover, the set of organisations participating in the project are specified as part of a ‘consortium’ property30.

Organisation: Organisation has properties that detail its scope (national or international) and character (public or private). The ontology defines two types of organisations, namely public healthcare institutions, which are members of the Spanish healthcare system, and private companies, which belong to the field of health R&D and innovation ecosystem in Spain. The institutions could be either healthcare centres or research institutes and generate HTI based on ideas and projects. These centres include as properties their innovation policies, goals and objectives. Technology-based enterprises, on the other hand, are a special kind of company that arise from the innovation projects carried out in public institutions30.

Innovation Support Unit: The Innovation Support Unit is a service established in hospitals and research centres whose objective is to capture, promote and valorise the knowledge generated by the institution with the aim of using the organisation as an innovation engine that transforms knowledge into value for their own centres and for society31.

Agreement: Agreements are applied in the innovation field between multiple parties in order to promote mutual commitment and respect for a set of conditions. The most relevant agreements in this field include exclusivity agreements, alliances, R&D contracts, transference contracts, framework agreements, donations, licenses, sponsorship, material transfer agreements and nondisclosure agreements30.

Industrial property rights: These mechanisms provide legal protection for innovation results. The ontology includes the following intellectual property types: industrial secret, know-how, software protection, copyright, industrial design, brand, patent and utility model.

Reports: The ontology includes the following types of reports for projects and ideas that are in the evaluation stage: market analysis, patentability report, technical feasibility and product value report31.

Validation stage: This stage focused on identifying possible errors in the definition process and verifying the consistency of the ontology. The ontology was also tested to demonstrate its ability to be applied as a tool for calculating the ITEMAS innovation indicators31.

CONCLUSION
           The consensus concepts were expressed in the form of an ontology to be used as a single communication format between the members of the Health care network. Healthcare centres can compare their innovation results and obtain a better understanding of their innovation context based on the reasoning techniques of artificial intelligence. As a result, they can benefit from advanced analytical capabilities to define the most appropriate innovation policies for each centre based on the common experience of the large number of healthcare centres involved. The results can be used to create a map of agents and knowledge to show capabilities, projects and services provided by each of the participating centres. The ontology could also be applied as an instrument to match needs with existing projects and capabilities from the community of organisations working in healthcare technology innovation.
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