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ABSTRACT
INTELLIGENT HEALTHCARE MONITORING SYSTEM BASED ONSEMANTICALLY ENRICHED CLINICAL GUIDELINESLalei, Gökçe BanuPh.D., Department of Computer EngineeringSupervisor: Prof. Dr. Asuman Do§açJune 2008, 175 pagesClinial guidelines are developed to assist healthare pratitioners to make deisions on apatient's medial problems and as suh they ommuniate with external appliations to re-trieve patient data, to initiate medial ations through linial work�ows and to transmitinformation to alert/reminder systems. The interoperability problems in the healthare ITdomain for interating with heterogeneous linial work�ow systems and Eletroni Health-are Reord (EHR) Systems prevent wider deployment of linial guidelines beause eahdeployment requires a tedious ustom adaptation phase.In this thesis, we provide mahine proessable mehanisms that express the semantis oflinial guideline interfaes so that automated proesses an be used to aess the linial re-soures for guideline deployment and exeution. For this purpose, we propose a semantiallyenrihed linial guideline representation formalism by extending one of the omputer inter-pretable guideline representation languages, GuideLine Interhange Format (GLIF). To beable to deploy the semantially extended guidelines to healthare settings semi-automatially,the underlying appliation's semantis must also be available. We desribe how this an beahieved based on two prominent implementation tehnologies in use in the eHealth domain:Integrating Healthare Enterprise (IHE) Cross Enterprise Doument Sharing IntegrationPro�le (XDS) for disovering and exhanging EHRs and Web servie tehnology for inter-ating with the linial work�ows and wireless medial sensor devies. Sine the deploymentiv



and exeution arhiteture should be dynami, and address the heterogeneity of underlyinglinial environment, the deployment and exeution is oordinated by a multi-agent system.The system desribed in this thesis is realized within the sope of the SAPHIRE Projet.Keywords: Semantis, Clinial Guidelines, Interoperability, Clinial Deision Support Sys-tems
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ÖZ
ANLAMSAL OLARAK ZENG�NLE�T�R�LM�� KL�N�K UYGULAMA KLAVUZTABANLI AKILLI SA�LIK TAK�P S�STEM�Lalei, Gökçe BanuDoktora, Bilgisayar Mühendisli§i BölümüTez Yönetiisi: Prof. Dr. Asuman Do§açHaziran 2008, 175 sayfaKlinik yol haritalar� hastalar�n sa§l�k problemleri konusundaki kararlarda doktorlara yard�m�olmak için geli³tirilmi³lerdir. Bunu gerçekle³tirebilmek için hastan�n sa§l�k kay�tlar�na eri³e-bilmeleri, klinik i³ süreçlerindeki uygulamalar� çal�³t�rabilmeleri ve alarm-hat�rlatma sistem-lerine bilgi gönderebilmeleri gerekmektedir. Sa§l�k bili³imindeki heterojen kilinik i³süreç-lerine ve Elektonik Sa§l�k Kay�t Sistemlerine eri³me a³amas�ndaki birlikte i³lerlik problem-leri, her hastaneye özgü farkl� entegrasyon süreçleri gerektirdi§inden klinik yol haritalar�n�nyayg�n bir ³ekilde sahada kullan�m�n� engellemektedir.Bu tezde klinik yol haritalar�n�n arayüzlerinin anlamsal olarak bilgisayarlar taraf�ndani³lenebilir bir ³ekilde tan�mlanmas�n� sa§layaak mekanizmalar önerilmektedir. Böylee klinikyol haitalar�n�n hastane sistemleri üzerine otamatik olarak konu³land�rmak ve çal�³t�rmakmümkün k�l�nmaktad�r. Bu amaçla, var olan klinik yol haritas� betimleme dillerinden GLIFüzerine kurulu anlamsal bir model önerilmektedir. Anlamsal olarak zenginle³tirilmi³ buklinik yol haritas� tan�mlar�n� yar�-otamatik olarak hastane sistemleri üzerine konu³land�ra-bilmek için, var olan hastane bilgi sistemleri altyap�lar�n�n da anlamsal olarak tan�mlanmas�gerekmektedir. Bu tezde bu anlamsal tan�mlama i³leminin e-sa§l�k alan�nda yayg�n olarakkullan�lan iki uygulama teknolojisinin üzerine nas�l kurulabilee§i de anlat�lmaktad�r. Buteknolojiler sa§l�k kay�tlar�na eri³ebilmek için �Sa§l�k Kurumlar�n� Entegrasyonu- Kurumlarvi



Aras� Doküman Payla³�m Pro�li (IHE-XDS)� ve klinik i³ süreç sistemlerine ve kablosuz al-g�lay�� ihazlar�na eri³mek için A§ Servisleridir. Konu³land�rma ve çal�³t�rma altyap�s�n�ndinamik olmas� ve heterojen bir altyap�n�n ihtiyaçlar� ile ba³a ç�kabiliyor olmas� gerekti§in-den, konu³land�rma ve çal�³t�rma altyap�s� bir çoklu-etmen platformu taraf�nda koordineedilmektedir. Bu tezde geli³tirlen sistem SAPHIRE projesi taraf�ndan desteklenmektedir.Anahtar Kelimeler: Anlamsall�k, Klinik Uygulama Klavuzu, Birlikte-�³lerlik, Klinik KararDestek Sistemleri
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CHAPTER 1INTRODUCTION
Clinial guidelines are systematially developed statements to assist general pratitionersin making linial deisions and managing medial ations more e�etively [41℄. They usu-ally inlude plans for treatment and are used in developing the �Clinial Deision Support�systems.The sope of the linial guidelines is ultimately to assist the physiian in linial deision,by providing evidene-based approah to ertain onditions. The purpose of the guidelinesis to provide standard, optimal healthare based on the most reent evidene/ linial trialsin the �eld. The bene�ts of adopting linial guidelines an be summarized as follows:

• Improved patient safety by reduing medial errors and improving seletion of rightmediation and laboratory tests
• Improved quality of are by failitating the use of up-to-date linial evidene and byreduing inter-pratie variations
• Improved e�ieny in healthare delivery by reduing test dupliations and inidenesof adverse eventsOver the past 20 years, there has been an explosion in the availability of linial pra-tie guidelines. A variety of government and professional organizations are produing anddisseminating linial guidelines [97, 8, 14, 61, 46, 12℄. Guidelines are usually developed byTask Fores of experts in the �eld suh as �The Task Fore on the Management of Aute My-oardial Infartion of the European Soiety of Cardiology� or by National and InternationalMedial Soieties suh as �Infetious Diseases Soiety of Ameria�. They are regularly up-dated (at least one in 4-5 years) and usually represent standard of medial knowledge thatis reommended to be followed by the medial pratitioners in their linial pratie. Guide-1



Figure 1.1: A Part of the Management of Diabetes Mellitus Guideline Text and Algorithm[59℄lines are usually provided as narrative desriptions aompanied by �owharts, as presentedin Figure 1.1.It has been realized that liniian behavior is most e�etively in�uened through patient-spei� advie, partiularly if delivered during patient enounters. However, onventionalnarrative guidelines present population-based reommendations, and the information on-tained within suh guidelines may be di�ult to aess and apply to a spei� patient duringpatient enounters [72℄. In order to address this problem, guideline-based point-of-are de-ision support systems are started to be built. A prerequisite for the development of suhsystems is the reation of omputer interpretable representations of the linial knowledgeontained in linial guidelines. For this purpose several omputer interpretable models oflinial guidelines have been proposed suh as GLIF [29℄, ASBRU [84℄, PROforma [90℄, AR-2



DEN [71℄ and EON [93℄. Di�erent approahes have been followed to model linial guidelines,suh as rule-based formalisms where the guidelines are represented as ause-e�et relation-ships and network based models where algorithms, or hierarhial task networks are used.These omputer interpretable formalisms inreased the understandability and sharability oflinial guidelines by medial pratitioners.Several di�erent guideline exeution engines have been built proessing these models,suh as GLEE [100℄, GLARE [91℄, NewGuide [11℄ and DeGel [85℄ demonstrating that theguideline de�nitions an be exeuted to automate the deision making proess.However despite the bene�ts the linial guidelines provide, it is a well aepted fat thatwider adoption of omputerized linial pratie guidelines by the healthare ommunity inreal life healthare setting is yet to be realized. The reasons for this failure an be summarizedas follows:
• �The failure of integration of guideline implementations with linial work�ows� [25,86℄: The suess of linial deision-support systems requires that they are seamlesslyintegrated with the underlying linial work�ows of the healthare organizations. Thereommendations generated by the guideline should be re�eted as events (institutionalproedures) in the linial work�ow system of the hospitals suh as a lab order, alertsor reminders to the respetive healthare sta�.
• �The omplexity of fully integrated deision support systems due to the nature of het-erogeneous set of linial appliations need to be involved in the deision proess� [22℄:Lak of a ommon set of interoperable interfaes to proprietary hospital informationsystems hampers wide adoption of linial guidelines, sine developing generi linialguideline exeution engines that an be run on any set of linial information systemsbased on the available guideline representation formalisms is not possible.
• �The failure of integration of guideline implementations with omprehensive omput-erized patient healthare reord data�: In order to be able to provide patient-spei�reomendations, linial guideline exeution environments need to aess the eletronihealthare reords of a patient. Lak of ommonly agreed Eletroni Healthare Reordstandards is listed as another major problem that hinders wide adoption of linialguidelines. This problem is usually ited as �Curly Braes Problem� in the literature.In one of the earliest guideline representation formalism, in Arden Syntax [71℄, theguideline is de�ned in term of Medial Logi Modules (MLMs). While the guidelinesare being modeled, the referenes to linial data are represented in urly braes in3



MLMs. These referenes in urly braes should be mapped to queries to the institu-tional databases of healthare organizations where atual patient eletroni healtharereords are stored. Sine then, the problem of this manual loalization proess fordeploying guideline models is usually ited as �Curly Braes Problem�.These problems are ited as the main obstales for ahieving fully sharable and deployablelinial pratie guideline implementations. The available linial guideline exeution enginesoften address the automation in a single homogeneous healthare institute and either builton top of an already available linial information system as an integrated add-on feature,or require ustom adaptation phases to ommuniate with linial appliations suh as foraessing the patient reords or invoking medial servies. These adaptation phases usuallyonsist of manual mappings of the data models used in linial guidelines to the data modelsused in loal linial repositories, and manual binding of linial events supported by theunderlying linial information system to the ation de�nitions in linial guideline exeutionenvironment. This lak of integration support in the guideline representation languages andguideline exeution environments is stated in GLIF spei�ations [29℄ as follows: �There is aneed for an implementable spei�ation that an be inorporated into an institutional systemwhere the ations spei�ed must be mapped to institutional proedures and the patient datareferenes must be mapped to the eletroni medial reords of the underlying system�. GLIFidenti�ed this requirement however latest GLIF spei�ation left this level open as a possiblefuture work.In this thesis, we address this interoperability problem by developing a semantially en-rihed guideline model that enables the spei�ation of enough level of semantis of theinterfaes of the linial guideline representation formalism to the underlying linial appli-ations and Eletroni Healthare Reord (EHR) systems. The aim of this enrihment isto enable semi-automati deployment of guidelines. Furthermore a semanti infrastruturebased on widely aepted healthare standards is desribed for the semi-automati deploy-ment and automated exeution of guidelines using the semantis enoded in the guidelinemodel proposed in heterogeneous healthare settings. For this purpose we �rst desribe howthe semantis of underlying healthare information systems an be enrihed and annotatedbased on widely aepted industry standards. As a seond step, we have built a multi-agentsystem whih oordinates the semi-automati deployment of linial guidelines in heteroge-neous healthare settings using the semantially enrihed linial guideline de�nition and thesemantially enrihed healthare information systems. The main omponents of this thesis4



is presented in Figure 1.2.
Semantically Enriched 

Guideline Model

GLIF
Medical 

Knowledge
Layer

Implemen-

tation
Layer

extended extended

Semantically Enriched 

Healthcare Infrastructure

Accessing

EHRs

Accessing

Clinical Workflows

UDDI

IHE
XDS

Service

Functionality
Ontology

Clinical
Terminology

Systems

CDA

Automatic

Execution of Clinical

Guidelines

Semantic
Mediation

Accessing

EHRs
Accessing

Clinical Workflows

OWLmt

Terminology
Server

Semi-Automatic

Deployment of Clinical

Guidelines

Semantic
Matching

Semantic
Mediation

Terminology
Server

Coordinated by

Coordinated by

Multi

Agent

System

Figure 1.2: The main omponents of Thesis Study
The ontributions of this thesis and details of these omponents an be introdued asfollows:
• In this thesis, we propose a semantially enrihed linial guideline representationformalism. We deided to base our extensions on one of the available guideline repre-sentation formalism, in order to bene�t from the already available substantial domainknowledge in these representation formalisms. We hoose to semantially enrih theGuideLine Interhange Format (GLIF) [29℄ sine GLIF model is formally expressed asan ontology.GLIF in its urrent version, desribes the linial guidelines in two layers: �rst, atthe oneptual level as a �owhart, seond, by formally de�ning the medial oneptsinvolved in the guideline de�nition as an ontology. A third layer is mentioned whihaims to provide an implementable spei�ation that an be deployed at a healtharesetting but this layer is left unspei�ed in the latest GLIF spei�ations. We arguethat to have an implementable guideline spei�ation, �rst the semantis of guideline's5



interfaes with linial appliations, and EHR systems must be desribed. In line withthis requirement, we extend the GLIF model through a �Medial Knowledge Layer�to desribe the semantis of GLIF exeution steps based on the domain knowledgeexposed by the related prominent healthare IT standards as follows:� Aessing the Content of Eletroni Healthare Reords (EHRs): The most promi-nent EHR standards are the Health Level 7 (HL7) Clinial Doument Arhiteture(CDA) [36℄ and the European Committee for Standardization (CEN) EN 13606-1EHRom [10℄. Investigating these standards reveals that to loate an EHR do-ument and to extrat the requested patient linial information from the EHRdoument, the semantis needs to be expliated at two levels: at the EHR do-ument semantis level to disover the related EHR and at the entry semantislevel to extrat the linial statement requested by the guideline. Based on thisobservation, we have reated the �EHREntity� lass as a sublass of the �MedialKnowledge Layer�, where EHR Doument Semantis and EHR Entity Seman-tis is formally represented. The �EHREntity� lass is used to annotate GLIF's�owhart entities (namely the GetDataAtion) while aessing EHRs.� Aessing the medial servies: The suess of a linial guideline exeution systemwidely depends on how well it is integrated with the linial work�ow running inhealthare organizations. Previous e�orts either did not attempt to de�ne the se-mantis of linial work�ow interfaes of guidelines, or identi�ed a number of �xedevent types that should be manually bound to the events supported by the under-lying linial work�ow. We hoose to de�ne the operational semantis of medialservies through ontologies, and to use this semantis to semi-automatially dis-over and bind the servies of the linial work�ows to guideline exeution envi-ronment. For this purpose we de�ned an example Servie Funtionality Ontologybased on well-established standards in the healthare domain: for representingthe semantis of linial work�ow servies we exploited HL7 [34℄, whih has at-egorized the events in healthare domain by onsidering servie funtionality.Furthermore during the exeution of a guideline, there are deision points wherethe vital signs of a patient are needed. Currently wireless medial sensor deviesare widely used both in hospital and in homeare settings. Representing theoperational semantis of servies through an ontology enables us to extend thetypes of events that an be desribed in a guideline de�nition: in our Servie6



Funtionality Ontology we de�ne the semantis of sensor servies through thenomenlature de�ned by the IEEE 11073-10101 standard [39℄ for medial devies.In order to annotate the operational semantis of GLIF's �owhart entities (namelythe MediallyOrientedAtion), we reated a �MedialAtionEntity� as a sublassof the �Medial Knowledge Layer�.� Aessing the Alert/Reminder Systems: The linial guideline systems need tointerat with the Alert/Reminder systems of the underlying linial informationsystems. In order to seamlessly integrate guideline exeution environment withalert/reminder systems, the required semantis is investigated and the healthareroles to whom the alert messages should be delivered to and the urgeny of thealarm are identi�ed as neessary attributes of the �AlarmEntity� lass of our�Medial Knowledge Layer�. The �AlarmEntity� lass is used to annotate the�MessageAtion� �owhart entity of GLIF.
• Providing the semantis of guideline exeution steps solves only one part of the prob-lem: when deploying the extended guideline model over existing linial appliations,the underlying appliations' semantis must also be available so that mathes an bedisovered. Therefore the extended guideline model is omplemented with an �Imple-mentation Layer� addressing both the tehnial interoperability hallenge in aessingthese underlying linial appliations and exposing the semantis of them. In this waywe also demonstrate that through the extended guideline model, the deployment andexeution of guidelines an be failitated in heterogeneous healthare environments.In this semanti infrastruture failitating the semi-automati deployment and exeu-tion of guidelines, latest trends and the most widely aepted medial standards areadopted for aessing EHRs and linial work�ow interfaes. This demonstrates thatthe proposed GLIF extensions an failitate the deployment and exeution of ClinialGuidelines in real life settings, i.e, what has been identi�ed as a future researh areain the latest GLIF spei�ations. Di�erent faets of the �Implementation Layer� anbe summarized as follows:� Addressing the Semanti Interoperability for Aessing EHRs: In our arhiteturewe provide support for two di�erent semanti mehanism for aessing the EHRs:

∗ The healthare institutes may implement IHE Cross-Enterprise DoumentSharing (XDS) pro�le [40℄ to share linial reords. IHE is an industry ini-tiative, and XDS pro�le has been adopted for sharing EHRs in the National7



eHealth System blueprints of Canada, USA, Italy, Norway and Frane. InIHE XDS, the healthare institutes store the medial douments of the pa-tients to repositories of their hoie and aess these repositories through thedoument metadata stored in the assoiated registries. In other words, thesemantis of EHRs are expressed through metadata de�ned through termi-nology systems suh as LOINC [58℄ stored at the �DoumentRegistry�s sothat the douments of interest an be disovered and retrieved by using thismetadata.
∗ The healthare institutes may hoose to expose the available Eletroni Health-are Reords of the patients through Web Servies. In this ase, in order to�nd the EHR douments through their semantis, the funtionality semantisof the Web servies exposing them an be de�ned through LOINC doumenttype odes [58℄.In this thesis, we desribe in detail how these two widely used industry standardsan be exploited for enabling the disovery of the neessary Eletroni HealthareReords in the semi-automati deployment of guidelines. It may be the ase thatdi�erent ontologies, or linial terminology systems are used for the semantiannotation of linial guidelines and EHR systems, in this ase, we desribe howthis issue an be addressed through ontology mediation and terminology servers.� Addressing the Interoperability of EHR Content: After the required EHR is loatedthrough the XDS Registries, or through the Web Servies exposing EHRs, in orderto exeute the linial guidelines, there is a need to extrat a spei� linialstatement from the EHR of the patient. For example, the guideline may needinformation on whether the patient has experiened any �asthma� previously.From the retrieved EHR, this spei� linial information must be extrated.In this thesis, we desribe how linial statement data an be extrated from amahine proessable EHR formats by using semanti mehanisms proposed in thiswork through an example based on HL7 Clinial Doument Arhiteture (CDA)[36℄. For this purpose we make use of a terminology server, the UMLS KnowledgeSoure Server Metathesaurus [96℄. UMLS omprises over one million biomedialonepts and �ve million onept names, all of whih are from over a hundredontrolled voabularies and lassi�ation systems suh as ICD-9, SNOMED andLOINC, providing a mapping struture between them. In our arhiteture a8



mapping funtionality supporting subsumption is used based on the onepts andmapping provided by UMLS. In this way although di�erent terminology systems(suh as LOINC, SNOMED, ICD-10) are used to annotate the ontent of EHRsand the interfaes of linial guidelines, the related linial statement an beretrieved seamlessly from the CDA doument.� Addressing the Interoperability in Interating with the Clinial Work�ows: Consid-ering that there ould be several di�erent appliations running on di�erent plat-forms that need to be invoked while the linial guideline is being exeuted, Webservies are used to address the tehnial interoperability problem in our imple-mentation layer. Web servie tehnology is already being used by the HealthareIndustry as a solution to tehnial interoperability problem, hene our implemen-tation layer is realizable in real healthare settings. The Duth national infras-truture for healthare messaging is implemented by wrapping HL7v3 messagesas Web servies [63℄ and Health Level Seven (HL7) has announed the approvalof a Web Servies Pro�le as Draft Standards for Trial Use (DSTUs) [35℄. In an-other study, the integration of di�erent medial systems in a on�gurable networkof interonneted organizations in Canada is ahieved by wrapping existing sys-tems using Web servies to provide a uniform and adaptable interfae among theindividual systems [65℄.In this thesis, we presented how the operational semantis of the Web serviesexposing the funtionality of linial work�ows an be desribed through our�Servie Funtionality Ontology� via their OWL-S [69℄ desriptions, and also howthese servies an be semantially published to UDDI registries [95℄, so that thedisovery of these servies an be ahieved in the semi-automati deploymentphase [16℄.Servie funtionality semantis enables us to disover the Web servies based ontheir semantis. However, in order to invoke the disovered Web servies whilethe guideline is exeuting, message level interoperability is also needed. Serviefuntionality semantis may su�e to ahieve interoperability only when all theWeb servies and guideline exeution engines use the same message standards,and same referene information models. However, it is not realisti to assumethat all the healthare organizations omply with the same message struture andontent. Hene, there is a need to transform one message ontent into another.9



In order to failitate message transformation, our arhiteture utilizes ontologymapping. The OWLmt tool [6℄ is used for mapping the input and output param-eters of Web servies to the instanes of the referene information model used inGLIF spei�ation.
• The implementation layer desribed allows the semantially enrihed guideline modelto be semi-automatially bound to real life medial appliations in the deploymentphase and it beomes possible to speialize the guideline de�nition to a spei� patientat run time for aessing his eletroni healthare reords, and ommuniating withthe healthare institutes where he has been ured. The guideline needs deployed andexeuted in a distributed heterogeneous environment and the omponents involvedmust be apable of interating with eah other reatively. Therefore the semantiallyenrihed linial guidelines are deployed and exeuted on the semanti infrastruturethrough a multi-agent system. In this way it also beomes �exible to dynamially reateand eliminate omponents based on the needs of the appliation when the omponentsare implemented as software agents. The multi-agent system is implemented usingJADE [45℄ agent development platform.All the agents in our system has distint roles that provides a level of abstration tothe other agents whih is espeially neessary in heterogeneous distributed healtharesettings, where di�erent standards, ontologies, terminology systems and tehnologiesmay have been implemented to aess Eletroni Healthare Reords and linial ap-pliations. The roles of the agents an be summarized as follows:� The Agent Fatory Agent is the oordinator of the deployment phase. It is apableof proessing the generi guideline de�nition annotated with semantis and in o-operation with other agents in the system and by interating with the resoures ofmedial information systems, it disovers the real implementations of the medialservies exposing hospital information system funtionalities and sensor serviesand the doument identi�ers of the EHR douments of the patients, so that theguideline de�nition beomes ready to be exeuted.� In our arhiteture, the healthare institutes are organized as �Clinial A�nityDomains� to ooperate in the are of patients. The EHR Agent funtions asthe gateway to aess and extrat linial data from the Eletroni Healtharereords of the patient within a Clinial A�nity Domain. EHR Agent is modelledas a separate agent, to abstrat the aess to EHR from other agents. It has the10



ability of ommuniating with the EHR Agents of other linial a�nity domains,to loate the EHRs of the patients wherever they are stored. Also eah EHRAgent is apable of proessing the EHR ontent format used within that a�nitydomain.� The Ontology Agent is apable of reoniliation of semanti interoperability prob-lems suh as the use of di�erent referene information models to represent lin-ial data or using di�erent ontologies or linial terminologies while aessingthe resoures of healthare institutes. It implements the FIPA Ontology ServieSpei�ation [28℄.� The Guideline Agent proesses the guideline de�nition speialized to a patientand exeutes the ativities spei�ed in the guideline de�nition in o-operationwith other agents. It an be thought as the enatment engine for the linialguideline.� The Monitoring Agent provides an interfae to the linial pratitioners to visu-alize the exeution of the guideline.� The Alarm Distribution Agent is spei�ally designated to distribute the alert-reminder messages to the neessary reipients in the most e�ient and reliableway.The system desribed in this thesis is realized within the sope of the SAPHIRE Projet[82℄. The aim of SAPHIRE Projet is to provide an intelligent healthare monitoring platformas a response to the hallenge of providing high quality healthare servies with reasonableosts while the elderly population in Europe and the assoiated hroni diseases inrease.The semanti linial guideline desription model and the semantially enrihed guidelinedeployment and exeution environment proposed in this thesis serves as one of the ore om-ponents of SAPHIRE intelligent healthare monitoring arhiteture: the intelligent linialdeision support system based on linial guidelines. Through the extensions proposed inthis thesis, the intelligent monitoring arhiteture is able to aess seamlessly the medialhistory of a patient stored in medial information systems as well as the vital signs of the pa-tients through wireless medial sensors. In this way, not only the observations reeived fromwireless medial sensors but also the patient medial history an be used in the intelligentlinial deision support system.SAPHIRE is deployed through two pilot appliations, one in a hospital environment andanother for homeare. The hospital pilot appliation aims to demonstrate that the SAPHIRE11



system an provide bedside intelligent monitoring of patients with subaute oronary syn-dromes in a wireless fashion to provide omputer-generated linial deision in aordaneto the latest European Cardiology Guidelines. In this pilot appliation, the guideline exeu-tion environment provides ontinuous feedbak to the physiians that is patient-spei� andguideline-oriented, to provide optimized medial are in aordane with medial standards.The rest of this thesis is organized as follows: Chapter 2 brie�y summarizes the enablingtehnologies and standards. In Chapter 3, the semanti extensions we propose to the GLIFmodel are presented. The enabling semanti arhiteture for the deployment and exeutionof the extended GLIF model is desribed in Chapter 4. In Chapter 5, the Multi-AgentSystem arhiteture that oordinates the deployment and exeution of linial guidelines ispresented. The implementation details of SAPHIRE Hospital Pilot Appliation is presentedas a ase study in Chapter 6. Chapter 7 presents the related work in the literature inomparison with the arhiteture presented in this thesis. Finally, Chapter 8 onludes thethesis and suggests possible future researh diretions.

12



CHAPTER 2BACKGROUNG ON ENABLINGTECHNOLOGIES
2.1 Guideline Interhange Format, GLIFThe semantially extended guideline model we desribe in this thesis is based on GuideLineInterhange Format (GLIF) [29℄. GLIF is proposed as a standard omputer interpretablerepresentation model for sharing linial guidelines among di�erent healthare institutes.It is presented by a researh onsortium inluding the Columbia University, the HarvardUniversity and the Stanford University.In the GLIF Model, linial guidelines are represented as instanes of a formal modelalled guideline. This formal model is represented as an ontology and editable by Protege[75℄. GLIF uses a �task-based� paradigm for representing the guidelines, i.e., it deomposesthe guideline de�nition hierarhially into networks of omponent tasks that unfold overtime. A brief overview of the GLIF Model is given in Figure 2.1.
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Figure 2.1: A Part of the GLIF Model13



The Eligibility Criteria de�nes the features of the medial problem for whih this guidelinean be applied for. It is represented through a number of Criterion lasses. The riteriais represented through the �expression� attribute of the Criterion. To be able to assess theeligibility, it may be neessary to hek the urrent situation of the patient and his/her pastmedial history, hene these data gathering steps are added as �get data item� attributes tothe Criterion lass.The linial proess is represented through an algorithm, whih is a �owhart of guidelinesteps, inluding:
• An Ation step is used for modeling ations to be performed whih may inludetwo types of tasks: Medially Oriented Ations, and Programming Oriented Ations.Through Medially Oriented Ations medial proedures usually run by medial sta�suh as reommendation for a partiular ourse of treatment an be represented. TheProgramming Oriented Ations are divided into three: through theGet Data Ation theations that feeds data to guideline suh as retrieving data from an eletroni patientreord are represented; through Message Ation the messages that should be passedbetween medial systems, suh as reminders, alerts are represented; �nally throughSubGuideline Ations the guideline de�nitions an be nested.
• A Deision step represents deision points in the guideline de�ned in terms of formalexpressions. The GLIF spei�ation exploits an expression language that is derivedfrom the logial expression grammar of Arden Syntax [71℄. Deision Steps inludea number of Deision Options where deision expressions and destination steps thatshould be followed if this expression evaluates to true are presented.
• The Branh step is used to model onurrent guideline steps. Branh steps diret �owto multiple guideline steps. All of these guideline steps must our in parallel. Abranh step may link a guideline step to any other guideline step.
• The Synhronization steps are used in onjuntion with branh steps. When multipleguideline steps follow a branh step, the �ow of ontrol an eventually onverge in asingle step. Eah branh may lead to a series of steps, resulting in a set of branhingpaths. The step at whih the paths onverge is the synhronization step. When the �owof ontrol reahes the synhronization step, a ontinuation attribute spei�es whetherall, some, or one of the preeding steps must have been ompleted before ontrol anmove to the next step. 14



• A Patient state step is usually used as a label that desribes a patient state that isahieved by previous steps. This way, a guideline may be viewed as a state transitiongraph, where states are senarios, or patient states, and transitions between thesestates are the networks of guideline steps (exluding patient state steps) that ourbetween two patient state step. A patient state step has a riterion that desribes thestate of the patient who is at that patient state.An example of suh guideline algorithm de�ned in GLIF is presented in Figure 2.2.
<action step>

<patient state step>

<decision step> 

Figure 2.2: An algorithm for the stable angina guideline in GLIF [29℄
GLIF Model proposed to represent the guidelines in three layers. The Core GLIF Modeldesribed above onstitutes the �Level A�. It enables the guideline author to onentrateon oneptualizing a guideline as a �owhart: the guideline is de�ned as a work�ow ofhierarhial steps de�ned in GLIF Formal Model. At this level of abstration, the guidelineauthor is not onerned with formally speifying details, suh as deision riteria, relevant15



patient data, and iteration information that must be provided to make the spei�ationomputable. GLIF proposes that in the seond level of abstration, that is, in �Level B�,this work�ow is detailed by formally expressing the patient data item de�nitions, the linialonepts, and the logial riteria:
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Figure 2.3: The Referene Information Model used by GLIF
• In �Level B� the Clinial data is represented as data items. For representing medialdata items, GLIF supports the use of a Referene Information Model derived from HL7RIM (USAM) [37℄ presented in Figure 2.3. This RIM de�nes a lass hierarhy thatorganizes medial onepts into lasses. For eah lass, it provides a data model thatde�nes the attributes of the di�erent lasses. This enables the formal de�nition of highlevel Patient data items suh as Mediation, Observation, and Proedure.
• Knowledge items are used to de�ne the linial onepts whih an be used to annotatethe data items to relate them with well known medial terms. Clinial onepts arede�ned through the tuple <oneptName, oneptID, oneptSoure>. For example,the �hroni ough� onept an be represented through the following tuple <hroni16



ough, C0010201, UMLS> in referene to Uni�ed Medial Language System (UMLS)[96℄ semanti network.
• A formal expression language is used for representing deision riteria, triggeringevents, exeptional onditions, duration expression, and states in the guideline de�-nition. For example a deision riteria an be de�ned as �seletAttribute(pq_value,seletAttribute(value, Current_LDL_Cholesterol)) >= 160� in this expression lan-guage.
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Figure 2.4: A very simple guideline �ow
GLIF uses these two levels of abstrations to represent a guideline de�nition as follows:Assume an overly simpli�ed guideline that deides whether to presribe �Aspirin� or �Clopi-dogrel� as a �rstline mediation to a patient who is su�ering from myoardial infartion aspresented in Figure 2.4. The �rst guideline step in the guideline's �algorithm� an be an �a-tion step� where it is neessary to gather data from patient's Eletroni Healthare Reords(EHR). The tasks inluded in this �ation step� are two �get data ations�. The �rst �getdata ation� instane as shown in Figure 2.5 is to disover whether the patient is urrentlyusing the mediation �Aspirin�. This ation states that the information should be retrievedfrom the �EHR� (also termed as Eletroni Medial Reord, EMR). The seond �get dataation� is for aessing the ontraindiations of the patient to the mediation �Aspirin�. Afterexeuting these ations, through a �deision step�, it is heked whether it is advisable topresribe Aspirin to the patient as presented in Figure 2.5, in the �OrderAspirin� �mediallyoriented ation�. 17
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Figure 2.5: An Example Get Data Ation retrieving Aspirin Mediation Status and anExample Medially Oriented Ation Ordering Aspirin Presription in GLIF ModelAs presented in the example, through GLIF Levels �A� and �B�, a guideline is de�ned onlyat the oneptual level. In other words, how this model an be exeuted at a spei� medialinstitute, how the EHR of the patient an be aessed, how the linial proedures an bedisovered and invoked are not spei�ed. GLIF reognizes this requirement by de�ning athird level of abstration, �Level C� or �Medial Knowledge Layer�, whih aims to providean implementable spei�ation. In this layer, the ations spei�ed in the Level �A� and thepatient data referenes presented in Level �B� must be mapped to institutional proeduresand the eletroni medial reord systems of the underlying system of the medial institutionwhere the guideline is to be deployed. For this third level of abstration, the following needshave been identi�ed:
• Interfaes to linial repositories to retrieve Eletroni Healthare Reords of a patient,
• Interfaes for interating with appliations suh as linial work�ows and alert systems.In the latest GLIF spei�ation, these requirements have been noted but not addressed.2.2 HL7 Clinial Doument Arhiteture (CDA) and EN 13606-1 EHRomIn the semantially enrihed guideline model proposed in this thesis, the Eletroni Health-are Reord semantis desriptions are based on the two prominent EHR standards, namely,18



Figure 2.6: Logial Building Bloks of HL7 CDAthe HL7 Clinial Doument Arhiteture (CDA) [36℄ and the EN 13606-1 EHRom [10℄.The HL7 CDA is a doument markup standard that spei�es the struture and semantisof �linial douments� for the purpose of exhange. CDA douments are enoded in Exten-sible Markup Language (XML) and they derive their mahine proessable meaning from theHL7 Referene Information Model (RIM) [37℄ and use the HL7 Version 3 Data Types.A CDA Doument has two main omponents (Figure 2.6): the Header and the Body. TheHeader identi�es and lassi�es the doument and provides information on authentiation,the enounter, the patient, and the involved providers. The Body of the CDA doumentontains the atual linial report. The Body an be either an unstrutured blob, or anbe omprised of strutured markup. The strutured CDA Body is omposed of nestableSetions. Eah CDA Setion an ontain a single Narrative Blok and a number of CDAEntries. These entries typially enode ontent presented in the narrative blok of the samesetion in a mahine proessable manner through oded terms.In the EHRom spei�ation [10℄, the Extrat pakage de�nes the root lass of the refer-ene model (�EHR_EXTRACT�) and the data strutures for EHR ontent. Figure 2.7 showsthe logial building bloks of EHR ontent. The top level is a diretory of possibly nestedFolders for a patient, allowing for a high-level organization of the EHR, for example, perepisode or per linial speialty. Folders ontain zero or more Compositions by referene. AComposition (whih roughly orresponds to a single linial doument) may ontain Setionswith setion headers and Entries whih onsist of Elements or Clusters of elements. EahElement has a single value of a single data type.In extending GLIF, we desribe the patient linial information needed at a guideline19
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Figure 2.7: Logial Building Bloks of EHRom [51℄exeution step based on the way the struture and semantis are enoded in these twostandards.2.3 Medial Terminologies and Terminonology ServersTerminologies are a olletion of terms or onepts with subsumption relationships betweenthem, whih is used to build a lassi�ation hierahy of onepts. Terminologies providea framework within whih ommunities an ommuniate and express ideas in a onsistentmanner and failitate unambiguous information share [3℄. Mediine has a long tradition instruturing its domain knowledge through terminologies and oding shemes for diseases,medial proedures and anatomial terms suh as SNOMED [87℄, LOINC [58℄, READ Codes[78℄, MeSH [60℄ and ICD-10 [38℄. In the extended GLIF Model, linial terms used are basedon these terminology systems:
• SNOMED (Systematized Nomenlature of Mediine) [87℄, is a systematially organizedomputer proessable olletion of medial terminology overing most areas of linialinformation suh as diseases, �ndings, proedures, miroorganisms, and pharmaeuti-als. It allows a onsistent way to index, store, retrieve, and aggregate linial dataaross speialties and sites of are. SNOMED CT is a ompositional onept sys-tem based on Desription Logi [15℄, whih means that onepts an be speialised byombinations with other onepts.
• Logial Observation Identi�ers Names and Codes (LOINC) [58℄ is a universal standardfor identifying laboratory observations and linial results. Sine its ineption, it has20



expanded to inlude not just medial and laboratory ode names, but also nursingdiagnosis, nursing interventions, outomes lassi�ation, and patient are data set.
• The International Statistial Classi�ation of Diseases and Related Health Problems10th Revision (ICD-10) [38℄ is a oding of diseases and signs, symptoms, abnormal�ndings, omplaints, soial irumstanes and external auses of injury or diseases, aslassi�ed by the World Health Organization (WHO) [102℄.
• READ CODES [78℄ are a oded thesaurus of linial terms whih enable liniians tomake e�etive use of omputer systems. The odes failitate the aess of informationwithin patient reords to enable reporting, auditing, researh, automation of repetitivetasks, eletroni ommuniation and deision support.
• Medial Subjet Headings (MeSH) [60℄ is a huge ontrolled voabulary for the purposeof indexing journal artiles and books in the life sienes. MeSH voabulary is reatedand updated by the United States National Library of Mediine (NLM) [98℄.Sine the available medial terminology systems are often developed for purposes withdi�erent requirements, the way the knowledge is organized di�ers between these hetero-geneous terminologies; they exhibit onsiderable variability both in terms of overage andgranularity [83℄. This reated the need for homogeneous multi-purpose Clinial TerminologyServers that will allow the onsistent and omparable entry of linial data, e.g. patientobservations, �ndings and events.A Clinial Terminology Server provides the following servies to lient appliations:
• management of external referenes to linial onepts
• management of internal representations of linial onepts
• mapping natural language to linial onepts
• mapping linial onepts to Medial lassi�ation shemes
• management of extrinsi information about linial oneptsThe Uni�ed Medial Language System (UMLS) [96℄ is one of suh linial terminologyservers. It is a ontrolled ompendium of many medial voabularies, also providing a map-ping struture between them. The UMLS is omposed of three main knowledge omponents:Metathesaurus, Semanti Network and SPECIALIST Lexion:21



• The Metathesaurus forms the base of the UMLS and it omprises over one millionbiomedial onepts and �ve million onept names, all of whih are from over a hun-dred ontrolled voabularies and lassi�ation systems suh as ICD-9, SNOMED andLOINC. The purpose of the Metathesaurus is to provide a basis of ontext and inter-ontext relationships between these various oding systems and voabularies to providea ommon basis of information exhange between the variety of linial systems.
• The UMLS Semanti network is designed to ategorize onepts in the UMLS Metathe-saurus and provide relationships among the onepts. It has 135 semanti types and54 semanti relationships.
• The SPECIALIST Lexion ontains syntati (how words are put together to reatemeaning),morphologial (form and struture) and orthographi (spelling) informationfor biomedial terms.GALEN [31℄ is another linial terminology server whih de�nes medial onepts in adesriptive logis model, alled GRAIL, supporting subsumption.In our arhiteture a mapping funtionality supporting subsumption is used based on theonepts and mapping provided by UMLS.2.4 Integrating the Healthare Enterprise - Cross EnterpriseDoument Sharing Pro�le (IHE-XDS)In thesis's arhiteture, an industry initiative alled �Integrating the Healthare Enterprise(IHE) Cross Enterprise Doument Sharing (XDS)� Pro�le [40℄ is used for sharing EletroniHealthare Reords (EHRs) among di�erent organizations in exeuting linial guidelines.This pro�le has reeived onsiderable attention and appeared in the National eHealth Systemblueprints of Canada, Italy, Norway and Frane [80℄.In the IHE XDS Pro�le, healthare enterprises that agree to work together for linialdoument sharing are alled a �Clinial A�nity Domain� (Figure 2.8). Suh institutes agreeon a ommon set of poliies suh as how the patients are identi�ed, the aess is ontrolled,and the ommon set of oding terms to represent the metadata of the douments.In eah a�nity domain there are a number of �Doument Repositories�: the healthareinstitutes store the medial douments of the patients to these repositories in a transparent,seure, reliable and persistent way. It should be noted that these repositories an be thedoument stores that are already being used by the institutes, i.e., the pro�le does not fore22
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Figure 2.8: IHE-XDS Arhiteturethe institutes to reate new dediated repositories. There is a �Doument Registry� whih isresponsible for storing metadata about those douments so that the douments of interest forthe are of a patient may be easily found, seleted and retrieved irrespetive of the repositorywhere they are atually stored.The doument repositories register the douments along with a set of metadata to theDoument Registry. Whenever a �DoumentConsumer� wishes to disover a spei� dou-ment of a patient, the �Query Registry� transation is issued along with the spei�ed queryriteria, and as a response a list of doument entries that ontain metadata found to meetthe spei�ed riteria is returned inluding the loations and identi�er of eah orrespondingdoument in one or more �Doument Repositories�. Using these doument identi�ers andthe Doument Repository URI's, the �Retrieve Doument� transation is issued to get thedoument ontent.2.5 OWLmt, An Ontology Mapping ToolOntology Mapping is the proess where two ontologies with an overlapping ontent are relatedat the oneptual level, and the soure ontology instanes are automatially transformed intothe target ontology instanes aording to these relations. OWLmt tool [6℄ aims to handleontology mediation by mapping the OWL ontologies in di�erent strutures and with anoverlapping ontent one into other. The arhiteture of the system, as shown in FigureFigure 2.9, allows mapping patterns to be spei�ed through a GUI tool based on a MappingShema. The Mapping Shema, is also de�ned in OWL.Mapping patterns basially involve the following:
• Mathing the soure ontology lasses to target ontology lasses: In order to represent the23
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• Mathing the soure ontology Objet Properties to target ontology Objet Properties:In addition to mathing a single objet property in the soure ontology with a singleobjet property in the target ontology, in some ases, more than one objet propertyin the soure ontology an be mathed with one or more objet properties in thetarget ontology. OWLmt allows de�ning �ObjetPropertyTransform� pattern whihrepresents the path of lasses onneted through objet properties suh that whenevera path de�ned in the soure ontology (inputPath) is enountered in the soure ontologyinstane, the path de�ned for target ontology (outputPath) is reated in the targetontology instane. Paths are de�ned as triples in KIF [52℄ format and exeuted throughthe OWL Query Language (OWL-QL) [68℄ engine. OWLmt onstruts the spei�ed24



paths among the instanes of the target ontology in the exeution step based on thepaths de�ned among the instanes of the soure ontology.
• Mathing soure ontology Data Properties to target ontology Data Properties: Spei-fying the �DatatypePropertyTransform� helps to transform data type properties of aninstane in the soure ontology to the orresponding data type properties of instanein the target ontology. Sine the data type properties may be struturally di�erent insoure and target ontologies, more omplex transformation operations may be nees-sary than opying the data in soure instane to the target instane. XPath spei�a-tion de�nes a set of basi operators and funtions whih are used by the OWLmt suhas �onat�, �split�, �substring�, �abs�, and ��oor�. In some ases, there is a further needfor a programmati approah to speify omplex funtions. For example, the use of on-ditional branhes (e.g. if-then-else, swith-ase) or iterations (e.g while, for-next) maybe neessary in speifying the transformation funtions. Therefore, JavaSript supportis added to OWLmt. By speifying the JavaSript to be used in the �DatatypeProp-ertyTransform� pattern, the omplex funtions an also be applied to the data as wellas the basi funtions and the operators provided by XPath.The mapping de�nition is reated in terms of these patterns through a graphial inter-fae. The mapping engine is responsible for reating the target ontology instanes using themapping patterns given in the Mapping De�nition and the instanes of the soure ontology.It uses OWL-QL to retrieve required data from the soure ontology instanes. OWL-QL isa query language for OWL developed at the Stanford University [68℄. While exeuting thelass and property mapping patterns, the query strings de�ned through the mapping GUIare send to the OWL-QL engine with the URL of the soure ontology instanes. The queryengine exeutes the query strings and returns the query results. The use of the OWL-QL en-ables OWLmt to have reasoning apabilities. When querying the soure ontology instanesor while exeuting the KIF [52℄ patterns, OWL-QL reasons over the expliitly stated fatsto infer new information.After exeuting the lass mapping patterns, the mapping engine exeutes the propertymapping patterns. Similar to the lass mapping patterns, OWL-QL queries are used toloate the data. In order to perform value transformations, the mapping engine uses theJavaSripts in the �DatatypePropertyTransform� pattern. To exeute the JavaSripts, aninterpreter is used. The engine prepares the JavaSript by providing the values for the inputparameters and sends it to the interpreter. The interpreter returns the result, whih is then25



inserted as the value of the data type property in the target ontology instane.The OWLmt tool is publily available in SoureForge [67℄.2.6 Semantially Annotating Web serviesIn this thesis we use semantially enrihed Web servies for aessing the underlying linialappliations and sensor devies. In this way, the Clinial Web Servies an be referened withtheir semantis in the guideline de�nition, and the Web Servie instanes an be disoveredautomatially while the guideline is being deployed.Several methodologies have been proposed for automated disovery of Web serviesthrough their semantis in the literature suh as [99, 70, 104, 57℄. In [57℄, the design andimplementation of a servie mathmaking prototype whih uses a DAML-S based ontologyand a Desription Logi reasoner to ompare ontology based servie desriptions is given.In [70℄, another servie mathing algorithm based on DAML-S ontologies [13℄ are presented,where all the input and output parameters of the advertisements in UDDI registries areompared with those of the requested servie. Alternatively, in [99℄, an extension to WSDLis proposed to semantially annotate and advertise Web servies to UDDI registries in or-der to failitate their disovery. In addition to these initiatives, WSMO [104℄ provides aformalism based on F-Logi to de�ne goals and web servie apabilities, and also a serviedisovery mehanism based on these. In our arhiteture we have hosen to use an OWL-S[69℄ (formerly DAML-S) based approah for semantially annotating the Web servies.OWL-S provides an upper ontology whih de�nes a top level �Servie� lass with somegeneri properties ommon to most of the servies. The �Servie� lass has the followingthree properties:
• presents: The range of this property is ServiePro�le lass. That is, the lass Serviepresents a ServiePro�le to speify what the servie provides for its users as well aswhat the servie requires from its users.
• desribedBy: The range of this property is ServieModel lass. That is, the lass Servieis desribedBy a ServieModel to speify how it works.
• supports: The range of this property is ServieGrounding. That is, the lass Serviesupports a ServieGrounding to speify how it is used.In our arhiteture, after the servie semantis is de�ned through OWL-S, the Web serviesare published to UDDI registries [95℄ in order to failitate their disovery. UDDI itself26



does not provide support for storing ontologies to the Registry and for relating the Serviede�nitions with these ontologies. Previously in [16℄, we have presented how UDDI registriesan be extended to store funtionality ontologies, and how this semantis an be used todisover Web servies. In this thesis we have used the mehanisms presented in [16℄ to storeontologies, and advertise Web servies to the UDDI registries through the nodes of theseontologies.2.7 IEEE 11073 Standards FamilyThe IEEE 11073 Standards Family[39℄ aims to enable funtional and semanti ad-ho inter-operability of medial devies suh as medial sensors. For this purpose, the IEEE 11073proposes an Objet-oriented modeling of funtion and appliation area, the �Domain In-formation Model� (DIM). Through the DIM it is possible to de�ne and represent devies,funtionalities, measurement data, alibrations, alert information and so on. On top of theDIM, it provides standardized odes for naming all information elements in the DIM suhas medial devies and devie systems, units of measurements through the �Nomenlature�and �Data Ditionary�. IEEE 11073 assumes that all devie vendors to adopt this DIM torepresent sensor data to ahieve interoperability. In our arhiteture the Web Servies ex-posing the data to be reeived wireless medial sensor devies are onforming to IEEE 11073domain information model.However for the time being the vendors still using proprietary formats or di�erent stan-dards an not be ignored. Also the guideline representation languages suh as GLIF, may usedi�erent Referene Information Models suh as HL7 RIM. In our arhiteture for the seman-ti mapping of the messages oming from medial sensor devies to GLIF RIM, we exploita tool developed that is apable of de�nition of mapping relationships and also exeution ofthese mapping de�nitions in order to automatially handle the translations [64℄.In addition to the DIM, the IEEE 11073 standards family also provides a Nomenlatureand a Data Ditionary to present standard lassi�ation of the medial devies. This Nomen-lature is used in this thesis to reate a Sensor Servie Funtionality Ontology to annotatethe Sensor Web Servies exposing sensor data.
27



2.8 JADE: Java Agent Development EnvironmentJADE (Java Agent Development Framework) is a software framework to aid the developmentof agent appliations in ompliane with the FIPA spei�ations for interoperable intelligentmulti-agent systems. JADE is an Open Soure projet, and the omplete system an bedownloaded from JADE Home Page [45℄.The main aim of JADE is to simplify development of agent-based systems and ensuringFIPA standard ompliane [26℄ through a set of system servies and agents. This goal isahieved by o�ering the following features to the agent programmer [4℄:
• FIPA-ompliant agent platform inluding the main omponents of FIPA, namely, AMS(Agent Management System), DF (Diretory Failitator), ACC (Agent Communia-tion Channel). These three agents are by default inserted into the run-time systemto manage multi-agent system oordination, agent ommuniation and disovery andagent name servie.
• JADE o�ers a distributed agent platform. That is, the platform an be split on severalhosts. At eah host only one Java Virtual Mahine (JVM) is exeuted and agents arereated as threads on eah host and JVM to inrease system performane. Java eventsare used for agent-to-agent ommuniation on the same host and Java RMI arosshosts. An agent may divide its tasks for parallel exeution and JADE shedules thesetasks more e�iently than JVM does for threads.
• More than one FIPA-ompliant DFs (Diretory Failitator) an be started in order toimplement multi-domain appliations logially divided into domains.
• A programming interfae to simplify registration of agent servies with one, or more,domains (i.e. DF);
• Automati onversion of messages to/from FIPA-ompliant string format from/to en-oded transferable enoded Java objets.
• A library of FIPA agent interation protools ready to be used by agents.
• A transport mehanism and interfae to send/reeive messages to/from other agents.
• A FIPA-ompliant MTPs (Message Transport Protool) to onnet di�erent agentplatforms. 28



• A light-weight transport of Agent Communiation Language (ACL) [27℄ messages in-side the same agent platform, sine messages are transferred enoded as Java objets,rather than strings, in order to avoid marshalling and unmarshalling proedures. Whensender or reeiver do not belong to the same platform, the message is automatiallyonverted to/from the FIPA ompliant string format. In this way, this onversion ishidden to the agent implementers that only need to deal with the same lass of Javaobjet.
• Automati registration of agents with the AMS.
• A FIPA-ompliant naming servie: at start-up agents obtain their GUID (GloballyUnique Agent Identi�er) from the platform.
• A graphial user interfae (GUI) is provided by JADE agent platform to remotelymanage the life-yle of agents and agent ontainers, as well as monitoring and ontrolof agents. A user may stop, restart, reate and start agents provided that an agentontainer is already running.
• Graphial tools for debugging the multi-agent system, like the dummy agent to send/reeive ACL messages and the sni�er agent to monitor the on-going ommuniationbetween several agents. The Sni�er Agent, as the name implies, allows to trak mes-sages exhanged in a JADE agent platform. When the user deides to sni� an agent,or a group of agents, every message direted to or oming from that agent is trakedand displayed in the sni�er window. The user an view, save, and load, every messagetrak for later analysis.The JADE system an be desribed from two di�erent points of view. On the one hand,JADE is a middleware for FIPA-ompliant Multi Agent Systems, supporting appliationagents whenever they need to exploit some feature overed by the FIPA standard spei�ation(message passing, agent life-yle management, et.). On the other hand, JADE is a Javaframework for developing FIPA-ompliant agent appliations, making FIPA standard assetsavailable to the programmer through objet oriented abstrations.In this thesis, JADE Agent development platform is used to develop the Multi AgentSystem that is responsible for deploying and exeuting linial guidelines.
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CHAPTER 3THE SEMANTICALLY ENRICHEDGUIDELINE MODEL: THE MEDICALKNOWLEDGE LAYER
Computer interpretable models of linial guidelines suh as GLIF [29℄, ASBRU [84℄, PRO-forma [90℄, ARDEN [71℄ and EON [93℄ have been proposed to inrease the understandabilityand sharability of linial guidelines by medial pratitioners. Several di�erent guideline ex-eution engines have been built proessing these models, suh as GLEE [100℄, GLARE [91℄,NewGuide [11℄ and DeGel [85℄ demonstrating that the guideline de�nitions an be exeutedto automate the deision making proess.When it omes to deploy and exeute the guidelines in real life settings, it is a well a-epted fat that, the urrent formalism to represent guidelines fall short in enabling the shareof omputable guidelines [76℄. On the other hand the suess of a linial guideline exeutionsystem widely depends on how well it is integrated with the linial work�ow running inhealthare institutes [25, 86℄. The omplexity of fully integrated deision support systems isusually based on the nature of heterogeneous set of linial appliations need to be involvedin the deision proess� [22℄, and the lak of de-fato standards in aessing Eletroni Healt-are Reords and linial appliations served by linial work�ows. As disussed in Chapter7, available guideline representation formalisms assume loal referene information modelsto represent linial data, and either not attaked to formally de�ning the interfaes to lin-ial work�ows, or proposed some �xed event types to ommuniate with linial work�ows.As a result, in the deployment phase, ustom manual adaptations beomes neessary: theevents supported by the underlying linial work�ows should be manually bound to theseevents by pathes to the linial work�ow engines and usually re-oding of the linial data30



represented in guideline de�nition is required to math the referene information model usedby the linial work�ow.Guideline ≡ (GuidelineModelEntity ∩ (∃ algorithm.Algorithm))Algorithm ≡ (GuidelineModelEntity ∩ (∃ steps.GuidelineStep))PatientStateStep ⊆ (GuidelineStep)BranhStep ⊆ (GuidelineStep)SynhronizationStep ⊆ (GuidelineStep)DeisionStep ⊆ (GuidelineStep)AtionStep ≡ (GuidelineStep ∩ (∃ tasks.AtionSpei�ation))ProgrammingOrientedAtionSpei�ation ⊆ (AtionSpei�ation)GetDataAtion ≡ (ProgrammingOrientedAtionSpei�ation ∩ (∀ dataSoureType.({User} ∪{EMR})))MediallyOrientedAtion ≡ (AtionSpei�ation ∩ (∃ medialTask.LiteralDataItem))MessageAtion ≡ (ProgrammingOrientedAtionSpei�ation ∩ (∃ message.xsd:String))SubGuidelineAtion ⊆ (ProgrammingOrientedAtionSpei�ation)Conept ≡ (KnowledgeItem ∩ (∃ oneptID.xsd:String) ∩ (∃ oneptName.xsd:String)
∩ (∃ oneptSoure.xsd:String))DataItem ≡ (BasiDataType ∩ (∃ dataValue.DataItemValue))PatientData ≡ (DataItemValue ∩ (∃ servieCD.Conept))Observation ⊆ (PatientData)Mediation ⊆ (PatientData)Proedure ⊆ (PatientData)Figure 3.1: A Part of the Formal GLIF ModelTo address this problem, we aim to extend one of the omputer interpretable guidelinerepresentation formalisms, namely GLIF, so that a not only human-sharable, but also asemantially enrihed mahine proessable linial guideline representation is ahieved thatresults in a deployment driven omputable guideline representation formalism. The esseneof extending GLIF is to provide a mahine proessable mehanism that an express thestruture and the semantis of its referenes to linial work�ows and Eletroni HealthareReords so that automated proesses an be used to aess the linial resoures for guidelinedeployment and exeution. 31



This lak of support in the guideline representation languages and guideline exeutionenvironments is also stated in the latest GLIF spei�ations [29℄ as follows: �There is a needfor an implementable spei�ation that an be inorporated into an institutional systemwhere the ations spei�ed must be mapped to institutional proedures and the patient datareferenes must be mapped to the eletroni medial reords of the underlying system�. GLIFidenti�ed the requirement for a �Medial Knowledge Layer�, that will enable the de�nitionof the following interfaes:
• Interfaes to linial repositories to retrieve Eletroni Healthare Reords of a patient,
• Interfaes for interating with appliations suh as linial work�ows
• Interfaes for interating with alert systems.In this hapter, we desribe how these interfaes an be semantially de�ned formallyin guideline de�nition. The formal GLIF model is de�ned as an ontology for representingguidelines referring to medial ontologies for representing medial data and onepts [30℄ asshown in Figure 3.1. In the following setions we present our extensions to this formal model.The aim of this formal extension is to desribe the data needed at eah guideline deploymentand exeution step semantially in a mahine proessable way. Furthermore, sine we wantto deploy the linial guidelines to real healthare settings, we base the semantis of theproposed extensions to the standards in use in the healthare IT domain. The formal modelof our extensions are also presented in Appendix A in an integrated format.3.1 Semantially Extending GLIF to Failitate Aessing theEletroni Healthare Reord SystemsAt various steps in exeuting a guideline, there is a need for a spei� patient linial data.For example, the guideline may need information on whether the patient has previouslysu�ered from �bronhial spasm�. To be able to retrieve this information, �rst various EHRsystems serving patient linial data must be disovered in a heterogeneous environment andfrom these EHR Systems, the spei� linial information, suh as �bronhial spasm�, mustbe extrated.The original GLIF model uses a �GetDataAtion� lass to represent data to be retrievedfrom EHR Systems. However, sine in its urrent form GLIF aims to reate a sharableguideline de�nition, rather than a deployable and diretly exeutable one, the dataSoureType32



property of this objet is either the String �EMR� (Eletroni Medial Reords) or the String�User� as presented in Figure 3.1, i.e. it does not have a mehanism to represent how toaess the underlying EHR system.Sine the linial databases vary in struture, aess methods and voabulary used torepresent data, aessing the Eletroni Healthare Reords of the patients has beome animportant problem for guideline exeution. In one of the guideline representation languages,Arden [71℄, the database queries to aess patient reords are enoded in ad ho ways andenlosed in �urly braes� in Medial Logi Modules (MLMs). Sine then, the neessity toadapt these queries to the needs of site spei� implementations to aess EHRs are ited as�urly braes problem�.In many other linial guideline exeution engines suh as GLEE [100℄ whih uses GLIFas guideline representation format, a guideline data model is used in the guideline de�nitionfor representing patient data and a entralized repository is assumed to be supported by theloal medial institutes where the patient data is forwarded to be stored using the guidelinedata model. However onverting patient data to the model supported by the guideline andstoring it in a entralized repository are not pratial.In some other studies, the �Virtual Medial Reord� (vMR) [50℄ onept is used suhas in EON [93℄, ProDIGY [49℄ and SAGE [94℄. �Virtual Medial Reord� (vMR) oneptprovides a strutured data model for representing information related to individual patientswhere the mapping of loal EHR to vMR is failitated. In some other guideline models suhas PROFORMA [90℄, ASBRU [84℄ and GUIDE [11℄, relational tables are used to store themappings between the data model entities and the �olumns of the database tables� wherethe patient data is atually stored.Instead of hard-oding the mappings between the data model entities in guideline de�ni-tions and the �olumns of the database tables� of the linial work�ow systems, or assumingthat there is a ommonly aepted �Virtual Medial Reord� standard and a entral repos-itory to ollet the patient data in this format, we hose to represent the semantis of thelinial data needed by the guideline, and in the deployment and exeution phase, use thismahine proessable semantis to aess the EHR of the patient wherever it is stored basedon industry aepted standard mehanisms.In order to reate a sound and interoperable �Medial Knowledge Layer� to de�ne the se-mantis of the patient data in order to support the deployment and exeution of guidelines, itis neessary to follow the urrent standardization trends in exhanging Eletroni HealthareReords. As mentioned in Setion 2.2, the most prominent EHR standards are the Health33



Level 7 (HL7) Clinial Doument Arhiteture (CDA) [36℄ and the European Committeefor Standardization (CEN) EN 13606-1 EHRom [10℄. Investigating these standards revealsthat to loate the EHR doument and to extrat the piee of information from the EHRdoument, the semantis needs to be expliated at two levels: the EHR doument semantisto disover the doument and the entry semantis to extrat the linial statement requestedby the guideline.In HL7 CDA douments, the type of the EHR doument is presented in the doumentheading in the ode attribute suh as �Disharge Summary Note�. In the doument itselfthe linial statements represented as �Entries� that are grouped under �Setions�, suh as�Past Medial History�, �Mediations� and �History of Present Illnesses�. In order to loatean EHR doument that ontains the requested linial statement, both the doument typesemantis and the semantis of the relevant setions are needed.Similarly in EHRCom [10℄, the �Compositions� represent a single EHR doument, and thesemantis of �Composition� presents the doument type suh as �Consultation Note�. The�Setions� in EHRCom orresponds to the �Setions� in CDA, that is, the linial statementsare grouped under �Setions� suh as �Adverse Reations� and �Family Clinial History�based on their semantis. As in the CDA, in the EHRCom the �Composition� semantistogether with the �Setion� semantis represent the EHR semantis. The �Entry� semantis,on the other hand, is readily provided by both of these standards.In order to embed this semantis into GLIF �GetDataAtion� lass, we have reated an�EHREntity� lass as a sublass of our �Medial Knowledge Layer�. Then the range of thedataSoureType property is made to point to a newly de�ned �EHREntity� lass as shownin Figure 3.2. Then the following properties are de�ned for the �EHREntity� lass:
• ehrSemantis property is used for annotating the semantis of an EHR doument withnodes from linial terminologies or ontologies. As the range of this property, the�Conept� lass (Figure 3.1) de�ned in GLIF is used. In this way, it beomes possibleto speify the EHR doument and setion semantis with formally de�ned terms fromterminology systems. For example, the Doument Type Codes of LOINC [58℄ an beused to speify this semantis with the following instane of the �Conept� lass: <PastMedial History, 11348-0, LOINC>. This property an have multiple values, that is, inan �EHREntity� instane de�nition, the doument type semantis and the semantisof the setions it ontains an be spei�ed through multiple instanes of ehrSemantisproperty as presented in Figure 3.2. 34
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Figure 3.2: Extending GLIF with EHR Semantis
• The entrySemantis property is introdued for annotating the EHR entry semantis.The range of this property is the �DataItem� lass as de�ned in GLIF (formally pre-sented in Figure 3.1). The dataValue property of �DataItem� lass in GLIF is speial-ized to the �PatientData� lass whih is further speialized to �Observation�, �Media-tion�, and �Proedure� lasses. �PatientData� lass has a property alled servie_dinherited from HL7 RIM, whose range is the �Conept� lass as shown in Figure 3.1.Through the instanes of the �Conept� lass, we represent the semantis of EHR en-tries, suh as <BronhialSpasm, F-20250, SNOMED> to indiate that the guidelineneeds to know whether the patient previously experiened �Bronhial Spasm� or not.A formal desription of these extensions is given in Figure 3.3. An example instane ofthis desription is depited in Figure 3.4. Here, as the range of the dataSoureType propertyof the �getAsprinMediationStatus : GetDataAtion� instane, the �EHREntity� instane�mediationStatusMedialDataEntity� is seleted. For annotating the semantis of the EHRdoument needed, a �Conept� instane, �mediationUseHistoryConept� is reated and se-leted as the range of the ehrSemantis property of the �mediationStatusMedialDataEn-tity� lass instane. In the de�nition of the � `mediationUseHistoryConept� the UMLS35



GetDataAtion ≡ (ProgrammingOrientedAtionSpei�ation ∩(∃ dataSoureType.EHREntity))EHREntity ≡ (MedialKnowledgeLayer ∩ (∃ ehrSemantis.Conept) ∩(∃ entrySemantis.DataItem))Figure 3.3: The Formal Desription of GetDataAtion and EHREntity in the ExtendedGLIF Modelonept �C0489536� is used [96℄. Note that the ode �C0489536� in UMLS indiates �Historyof Mediation Use�. The �aspirinMediationDataItem� instane de�nes the entry semantisof the �mediationStatusMedialDataEntity�. For this purpose the �aspirinMediation� in-stane is spei�ed as the range of the dataValue property of �aspirinMediationDataItem�.Finally the �aspirinConept� instane pointing to a node in UMLS semanti network is usedto speify the servieCD semantis of the �aspirinMediation� instane.getAspirinMediationStatus : GetDataAtion
<getAspirinMediationStatus, mediationStatusMedialDataEntity> : dataSoureTypemediationStatusMedialDataEntity : EHREntity
<mediationStatusMedialDataEntity, mediationUseHistoryConept> : ehrSemantis
<mediationUseHistoryConept,C0489536> : oneptID
<mediationUseHistoryConept,UMLS> : oneptSoure
<mediationUseHistoryConept,History of Mediation Use> : oneptName
<mediationStatusMedialDataEntity, dishargeSummaryConept> : ehrSemantis
<dishargeSummaryConept,C0743221> : oneptID
<dishargeSummaryConept,UMLS> : oneptSoure
<dishargeSummaryConept, Disharge Summary> : oneptName
<mediationStatusMedialDataEntity, aspirinMediationDataItem> : entrySemantis
<aspirinMediationDataItem,asprinMediation> : dataValueaspirinMediation : Mediation
<aspirinMediation,aspirinConept> : servieCD
<aspirinConept,C0004057> : oneptID
<aspirinConept,UMLS> : oneptSoure
<aspirinConept,aspirin> : oneptNameFigure 3.4: An example GetDataAtion Instane in the Extended GLIF Model
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It is lear that through these two levels of semantis, the data needed at eah guidelineexeution step is desribed in a mahine proessable way.3.2 Semantially Extending GLIF to Enhane Communiationwith Clinial Work�owsGLIF uses the �MediallyOrientedAtion� lass to speify the medial ations or serviesprovided by the underlying linial work�ow, for example, for presribing mediine, givinglab orders or making referrals. Currently these tasks are spei�ed with the medial_taskproperty whose range is the LiteralDataItem lass as presented in Figure 3.1. As presentedin the example in Setion 2.1, the LiteralDataItem is not apable of desribing the semantisof a spei� medial ation.The linial work�ow appliations are omplex and usually diverse software systems,therefore adoption of a single lient software solution is not feasible to interat with them.In order to be able to de�ne an implementable guideline spei�ation, it is neessary topropose a solution that an address this tehnial interoperability problem to be able tointerat with diverse linial work�ows. Web servie tehnology is already being used by theHealthare Industry as a solution to tehnial interoperability problem. The Duth nationalinfrastruture for healthare messaging is implemented by wrapping HL7v3 messages asWeb servies [63℄; Health Level Seven (HL7) has announed the approval of a Web ServiesPro�le as Draft Standards for Trial Use (DSTUs) [35℄. In another study, the integrationof di�erent medial systems in a on�gurable network of interonneted organizations inCanada is ahieved by wrapping existing systems using Web servies to provide a uniformand adaptable interfae among the individual systems [65℄.When the medial information systems expose their medial appliations as Web serviesfor interating with the linial work�ows suh as plaing lab orders, the endpoints of theseWeb servies (referenes to their Web Servie Desription Language (WSDL) de�nitions)an be used in linial guideline de�nitions. However, in a generi guideline de�nition thathas not been speialized for a spei� patient and a healthare institute, it is not feasibleto diretly refer to the end point of a Web servie. Therefore we propose to speify thesemanti de�nitions of the Web servies in the guideline de�nition rather than the referenesto their onrete implementations. This also enables us to �nd alternative resoures whenexeptions are raised in aessing the spei�ed Web Servie in the exeution phase.To be able to de�ne the semantis of the medial ation to be interated during the guide-37



MediallyOrientedAtion ≡ (AtionSpei�ation ∩ (∃ medialTask.MedialAtionEntity))MedialAtionEntity ≡ (MedialKnowledgeLayer ∩ (∃ funtionality.Conept) ∩ (∃ input.DataItem)
∩ (∃ output.DataItem))Figure 3.5: The Formal Desription of MediallyOrientedAtion and MedialAtionEntityin the Extended GLIF Modelline exeution, the GLIF model is extended as follows: First, the �MedialAtionEntity� lassis reated as a sublass of �MedialKnowledgeLayer�. The range of medialTask propertyof the �MediallyOrientedAtion� lass is set to be the �MedialAtionEntity� (Figure 3.5).The �MedialAtionEntity� lass is used to speify the semantis of the guideline exeutionsteps whih orrespond to linial servies.
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To desribe this semantis, we de�ne a funtionality property for the �MedialAtionEn-tity� lass whose range is the �Conept� lass de�ned in the GLIF Model. In this way, itbeomes possible to annotate the linial servies with a node from a linial terminology orontology.To be able to de�ne the operational semantis of Healthare servies through this �fun-38
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semantis of Medial Ations through ontologies rather than binding them to some pre-de�ned ation types in the guideline model are as follows:
• The ontology is easily extensible allowing us to widen the sope of medial ationsthat the guideline needs to invoke in linial work�ows without the need to updatethe whole guideline model. For example, urrently wireless medial sensor deviesare widely used in linial environments espeially in homeare settings. During theexeution of a guideline, there are deision points where the urrent vital signs of thepatient are needed. For example, for a patient su�ering from myoardial infartionwith persistent ST-elevation, the deision on whether to start an �Oxygen Therapy�depends on the urrent value oming from the Pulse Oximeter sensor. In previousguideline de�nition formalisms the interation with medial sensor devies to reeivethe vital signs of patients have not been overed. In our arhiteture the semantis ofservies exposing the data produed by wireless medial sensor devies are de�ned inthe funtionality ontology, under the node of �Diagnosti ativities�, where the �IEEE11073 Nomenlature� are exploited to reate a hierarhy of sensor devie servies. Thisapability moves the semanti support beyond what is urrently available in guidelinemodels; it beomes possible to easily extend the type of ations that the guidelinedeployment/exeution engine an interat with.
• Medial Information systems an expose the servies of the linial work�ows by an-notating their semantis with any ontology of their hoie. When the semantis ofthe ations in the guideline de�nition are also de�ned through ontologies, it beomespossible to use �ontology mapping/alignment� mehanisms for servie mathing. In thedeployment phase, although di�erent ontologies may be used to annotate the serviesof the linial work�ows and the ations in guideline de�nition, it beomes possibleto loate the orresponding linial servies of the guideline ations through semantimediation.An example instane of Figure 3.5 is given in Figure 3.8 to show how a guideline exeutionstep semantis an be expressed using this Servie Funtionality Ontology to express that theguideline exeution engine needs an �Coronary Angiogram Proedure�. This is expressed byseleting the <�Coronary Angiogram Proedure�, CoronaryAngiogram, http://144.122.230.12:8080/saphire/FunOnt.owl> �Conept� lass instane as the range of the funtionalityproperty.In the example presented in Figure 3.9, we see how the IEEE 11073-10101 standard40



orderAngiography : MediallyOrientedAtion
<oronaryAngiography, oronaryAngiographyMedialAtionEntity> : medialTaskoronaryAngiographyMedialAtionEntity : MedialAtionEntity
<oronaryAngiographyMedialAtionEntity, oronaryAngiogramConept> : funtionality
<oronaryAngiogramConept,CoronaryAngiogram> : oneptID
<oronaryAngiogramConept,Coronary Angiogram Proedure> : oneptName
<oronaryAngiogramConept,http://144.122.230.12:8080/saphire/FunOnt.owl> :oneptSoureFigure 3.8: An example MediallyOrientedAtion Instane in the Extended GLIF Model[39℄ nomenlature integrated to our Servie Funtionality Ontology an be used to denotethat in some ertain step of linial guideline, the oxygen saturation of the patient shouldbe retrieved from a sensor devie. This semantis is expressed by seletion the following�Conept� lass instane: <Oxygen Saturation Sensor, SP02Monitor, http://144.122.230.12:8080/saphire/FunOnt.owl> as the range of the funtionality property.getOxygenSaturationStatus : MediallyOrientedAtion
<getOxygenSaturationStatus, getoxygenSaturationMedialAtionEntity> : dataSoureTypegetoxygenSaturationMedialAtionEntity : MedialAtionEntity
<MedialAtionEntit, Sp02SensorConept> : funtionality
<Sp02SensorConept,�Oxygen Saturation Sensor�> : oneptName
<Sp02SensorConept,SP02Monitor> : oneptID
<Sp02SensorConept,http://144.122.230.12:8080/saphire/FunOnt.owl> : oneptSoureFigure 3.9: An example MedialAtionEntity Instane for annotating interation with SensorDevies in the Extended GLIF ModelThis semantis is used during the guideline deployment to desribe the funtionality ofthe servie needed. Symmetrially, there is a need to expose the semantis of the underlyingtehnial interoperability layer. How to map this layer to tehnial interoperability layer isdetailed in Chapter 4.On top of the funtionality semantis of the linial servies, we need to de�ne thesemantis of the input and output messages of them. In guideline spei�ation, the input41



and output parameter semantis are spei�ed through GLIF RIM lasses suh asMediation,Presription and Observation as presented in Figure 3.6.3.3 Semantially Extending GLIF to Improve Communiationwith Alert and Reminder SystemsMessageAtion ≡ (AtionSpei�ation ∩ (∃ message.AlarmEntity))AlarmEntity ≡ (MedialKnowledgeLayer ∩ (∃ alarmMessage.xsd:String)
∩ (∃ alarmUrgeny.Conept) ∩ (∃ roles.Conept)Figure 3.10: The MessageAtion and AlarmEntity in the Extended GLIF ModelAs identi�ed in the GLIF spei�ation, another interfae of the guideline de�nition withexternal appliations is the alarm and reminder servies. The basi information needed fordelivering an alarm inludes determining whom to send it, through whih hannels and alsothe priority of the alarm. At the oneptual level, there is a need to express this informationwith possible extensions as needed.GLIF model uses the �MessageAtion� lass for sending messages to other entities. This�MessageAtion� has an attribute named message whose range is the �String� lass in theGLIF model as presented in Figure 3.1. Through this lass only the ontent of the alarmmessage an be expressed.To handle the requirements of message delivery inluding the ability to speify di�erentroles and the di�erent ommuniation media, we extend the range of the message attributeto be the �AlarmEntity� lass de�ned in the �Medial Knowledge� layer as presented inFigure 3.10 and Figure 3.11. Through the roles property of the �AlarmEntity� lass, thehealthare professional roles to whom the message should be sent is spei�ed in refereneto a medial terminology. For example the <Cardiologist, J-0612B, SNOMED> �Conept�instane an be used to speify one of the roles in referene to SNOMED linial terminology.In addition to this, the urgeny of the alarm is one of the fators that may a�et thealert delivery mehanisms. The alarmUrgeny property is also bound to a �Conept� lassso that a node in an urgeny level taxonomy an be referened. Finally through the messageproperty the alert message itself is represented. An example instane of Figure 3.10 is given42
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CHAPTER 4THE ENABLING SEMANTICARCHITECTURE FOR THEDEPLOYMENT AND EXECUTION OFTHE EXTENDED GLIF MODEL
Through the extended GLIF Model presented in Chapter 3, we are able express the detailedsemantis of what the guideline exeution engine expets from the underlying EHR systems,sensor systems or linial work�ows. To be able to deploy a guideline to a healthare setting,the underlying appliations' semantis also need to be available so that in the deploymentphase the linial appliations that an address the needs of the linial guideline's interfaesan be automatially disovered and bound to the speialized guideline de�nition to be usedin the exeution phase.Our aim is to enable the semi-automati deployment and exeution of linial guidelinesin real life settings and this an be suessful only if the implementation layer is based onopen standards enabling interoperability [56℄. Hene we based our deployment and exeu-tion arhiteture on widely aepted healthare and IT standards supporting interoperability.There are two prominent tehnologies in use in the eHealth domain that provide implementa-tion layer semantis: Integrating Healthare Enterprise Cross Enterprise Doument SharingIntegration Pro�le (IHE XDS) [40℄ for disovering and exhanging EHRs and the Web ser-vie tehnology for interating with the linial work�ows and the sensor devies. IHE XDSexposes the semantis of linial douments through doument metadata and well-de�nedmehanisms exist for exposing Web servie semantis suh as OWL-S [69℄.The implementation arhiteture based on these tehnologies onsists of two layers: thedeployment layer and the exeution layer. When a semantially extended guideline is de-44
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4.1 Addressing the Semanti Interoperability for Aessing EHRsIn our arhiteture, the healthare institutes are organized as �Clinial A�nity Domains� toooperate in the are of patients. For sharing eletroni healthare reords of a patient, ourarhiteture supports the following two widely adopted alternatives:
• The healthare institutes may implement IHE Cross-Enterprise Doument Sharing(XDS) pro�le [40℄ to share linial reords. IHE is an industry initiative, and XDSpro�le has been adopted for sharing EHRs in the National eHealth System blueprintsof Canada, USA, Italy, Norway and Frane. In IHE XDS, the healthare institutesstore the medial douments of the patients to repositories of their hoie and aessthese repositories through the doument metadata stored in the assoiated registries.Although IHE XDS Pro�le is doument ontent neutral, by reognizing the need toaess the EHRs through their semantis, it has spei�ed metadata mehanisms suh as�doument type odes� through standard terminologies. In other words, the semantisof EHRs are expressed through metadata de�ned through terminology systems suh asLOINC [58℄ stored at the �DoumentRegistry�s so that the douments of interest anbe disovered and retrieved by using this metadata. IHE XDS spei�es well-de�nedtransations for these operations.For example, as presented in Figure 4.4, when a medial institute stores an HL7 CDAdoument to an XDS Doument Repositorty with ITI15- Provide & Register DoumentSet transation [40℄, the Doument Repository registers the CDA doument to XDSRegistry with its doument type and setion ontent semantis represented throughLOINC Doument Type odes: 11488-4 (Consultation Note) and 11348-0 (Past Medi-al History). ITI 14- Register Doument Set transation [40℄ is issued for this purpose.The extended GLIF Model is deployed on the IHE XDS layer as follows:� The �rst step is to loate the relevant Eletroni Healthare Reords of the pa-tient. For this purpose the �ehrSemantis� property of the EHREntity lass in theextended GLIF Model is proessed. In the example given in Figure 3.4, the UMLSode �C0552487� is used to indiate that the metadata of the EHR is �PastMedi-alHistory�. To loate the relevant EHR doument referenes, a �queryRegistry�transation (ITI-16) is issued to IHE Doument Registry. As a response, the listof doument referenes is returned. These referenes are saved bak to the guide-line de�nition as an instane of �EHRImpl� (Figure 4.2) whose formal de�nition47



<ClinicalDocument>

<code code=“11488-4”

codeSystem=“2.16.840.1.113883.6.1”

codeSystemName=“LOINC”/>

….

…..

<section>

<code code=“11348-0”

codeSystem=“2.16.840.1.113883.6.1”

codeSystemName=“LOINC”/>

<entry>

<observation classCode=OBS 

moodCode=EVN>

<code code=“F-20250”

codeSystem=“2.16.840.1.113883.6.96”/>

</observation>

<observation classCode=OBS 

moodCode=EVN>

<code code=“I21”

codeSystem=“2.16.840.1.113883.6.3”/>

</observation>

......

</entry>

.......
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Document 
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[ITI-15] Provide & Register

Document Set

XDS

Registry

[ITI-14] Register

Document Set 

docURI, {(11488-4, 

LOINC), (11348-0, 

LOINC)}

Creates a Registry Object XDSDocumentEntry with docURI:

1654b3de-8b51-420e-839e-b1c39e35bb90.xml 

GUIDELINE
DEPLOYER

[ITI-16] Query Registry

(LOINC, 11348-0) 

[ITI-17] Retrieve Document (1654b3de-8b51-420e-839e-b1c39e35bb90.xml) 

Figure 4.4: The Registration and Query of a HL7 CDA doument to a XDS Reg-istry/Repository ArhiteturemediationEHRImp: EHRimp
<mediationEHRImp, 1654b3de-8b51-420e-839e-b139e35bb90.xml> : doID
<mediationStatusMedialDataEntity, mediationEHRImp> : aessParamsFigure 4.5: An example EHRImpl Instane in the Extended GLIF Modelis given in Figure 4.3. EHRImpl is bound to the �EHREntity� as presented inFigure 4.5 through the �aessParams� property. In this way these douments anbe retrieved from the Repository through the �retrieveDoument� (ITI-17) IHEtransation, while the guideline is exeuted.� It may be the ase that di�erent linial terminologies are used in the guidelinede�nition, and in the XDS Registry to annotate the EHR doument metadata.In this ase, before the query transation is issued, a translation request may besent to a terminology server in order to map the terminology nodes to eah otheras desribed in Setion 4.1.2.

• In our arhiteture, we do not expet every healthare institute to implement the IHE-XDS Pro�le. Some healthare institutes may hoose to expose the available EletroniHealthare Reords of the patients through Web Servies. In this ase, in order to �nd48



the EHR douments through their semantis, the funtionality semantis of the Webservies exposing them an be de�ned through LOINC doument type odes [58℄. Forexample, a Web servie retrieving the �Past Medial History� of a given patient anbe annotated with LOINC ode �11348-0� to indiate this fat. In other words, sinethese Web servies are used only passing the EHR Douments, it su�es to annotatetheir semantis with the semantis of the douments they arry.
Medical Information 
System Database

<?xml version='1.0' encoding='ISO-8859-1'?>

<!DOCTYPE uridef[

<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns">

<!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema">

<!ENTITY owl "http://www.w3.org/2002/07/owl">

<!ENTITY service "http://www.daml.org/services/owl-s/1.1/Service.owl">

<!ENTITY profile "http://www.daml.org/services/owl-s/1.1/Profile.owl">

<!ENTITY process "http://www.daml.org/services/owl-s/1.1/Process.owl">

<!ENTITY FuncOnt "http://144.122.230.12:8080/Saphire/FuncOnt.owl">

……

<service:Service rdf:ID=“CorobaryAngiographyResultService”>

<service:presents rdf:resource=#ProfileCoronaryAngiographyService>

<service:describedBy rdf:resource=#ProcessCoronaryAngiographyService>

</service:Service>….

<FuncOnt:CoronaryAngiography rdf:ID=“ProfileCoronaryAngiographyService”>

…….

<profile:hasInput rdf:resource=#patientID>

<profile:hasInput rdf:resource=#operationDate>

<profile:hasInput rdf:resource=#coronaryAnatomy>

</FuncOnt:CoronaryAngiography>

…..

<process:AtomicProcess rdf:ID=" ProcessCoronaryAngiographyService ">

<process:hasInput>

<process:Input rdf:ID=" PatientID ">

<process:parameterType rdf:datatype="&xsd;#anyURI">

&xsd;#string</process:parameterType>

</process:Input>

</process:hasInput>

,,,,,

<process:hasOutput>

<process:Output rdf:ID=" CoronaryAnatomy ">

<process:parameterType rdf:datatype="&xsd;#anyURI">

&messageOnt;#CoronaryAnatomy</process:parameterType>

</process:Input>

</process:hasInput>

…….

Hospital

GUIDELINE
DEPLOYER

Described with OWL-S

UDDI
Registry

Published to UDDI

T-Model

(owlsSpec)

T-Model

(wsdlSpec)

Queries with LOINC 11488-4
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Figure 4.6: Annotation and Disovery of Web Servies Exposing EHRs
In our arhiteture, HL7 CDA level three douments are used, hene the semantisat all the levels suh as the doument type, setion and entry are annotated with theoded terms. In the CDA douments, the doument metadata is already available inthe mahine proessable CDA doument header and setions in the �ode� attribute.This metadata is extrated automatially and used as the metadata of the related Webservies while publishing them to the UDDI registry [95℄ as presented in Figure 4.6.When it omes to disover the EHR Web servies in the deployment phase, simi-lar to IHE-XDS ase, the �ehrSemantis� property of the EHREntity lass is ex-trated from the GLIF instane (Figure 3.4), a mapping is ahieved if neessaryand a Web Servie Query transation is issued to UDDI registry. As a result theWSDL and OWL-S referenes are saved bak to the speialized GLIF instane suh as49



<mediationStatusMedialDataEntity, http://hospitalA.om:8080/servies/ExEHRSer-vie?wsdl> : servieWSDL.In this way, in the deployment phase it is possible to loate the EHRs whih are se-mantially referred in the guideline de�nition, by querying either the XDS or Web Servieregistries.4.1.1 Addressing the Interoperability of Patient Identi�ersIn the previous setion, we have disussed how to disover the resoures allowing us to aessEHRs of the patients, one the semantis of the EHR douments are presented in extendedguideline model. However, before using semanti mehanisms to loate patient EHRs, thereis another important problem that needs to be addressed: Patient Identi�ers. The useof patient identi�ers is the aepted pratie for loating patient EHRs. However, eahorganization may (and typially will) have a di�erent patient identi�er domain. Additionally,in the IHE XDS pro�le, the Doument Registry also assigns a unique ID to the patient whena doument of the patient is registered. To resolve the di�erent patient identi�ers assigned toa patient, we use IHE �Patient Identity Cross-referening� (PIX) Pro�le [40℄. PIX Managersfailitate the mappings between the loal patient identi�ers and the identi�ers used in theDoumentRegistry.To failitate the identi�er mapping proess, the hospitals send a �Patient Identi�er Feed�message to the PIX Manager whenever a new patient is admitted to the hospital (Figure 4.7).The PIX manager applies a probabilisti mathing algorithm to hek whether the newpatient demographis information mathes to one of the already existing patients. In thisway, given a loal patient identi�er number in one domain, the PIX Manager an mathit to a loal patient identi�er in another domain. Details of probabilisti reord linkagealgorithms are available in [7, 47℄. In our arhiteture, there are also Cross A�nity DomainPIX managers, whih failitate the mapping of unique Patient Identi�ers used in eah liniala�nity domain to one another.4.1.2 Addressing the Interoperability of EHR ContentAfter the required EHR is loated through the XDS Registries, or through the Web Serviesexposing EHRs, in order to exeute the linial guidelines, there is a need to extrat aspei� linial statement from the EHR of the patient. For example, the guideline mayneed information on whether the patient has experiened any �ortioadrenal insu�ieny�50
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Figure 4.7: Patient Identi�er Cross Referening Arhiteturepreviously. From the retrieved EHR, this spei� linial information must be extrated. Itis lear that to ahieve this, the EHR must be available in a mahine proessable ontentstandard suh as CEN EHRom [10℄ or HL7 CDA [36℄. In addition to this, sine di�erentEHR doument formats and oding shemes an be used to represent the EHR ontent,there should be a semanti mediation mehanism available to use the data retrieved fromthe douments.In the following, we desribe how linial statement data an be extrated from a mahineproessable EHR by using semanti mehanisms proposed in this work. First we give aninsight to the problem through an example based on HL7 CDA [36℄.In Figure 4.8, on the left hand side, a part of a sample HL7 CDA doument is given.In this doument, the semantis of a setion is annotated with the �11348-0� ode fromLOINC to desribe that this setion is about the �Past Medial History�. Additionally eahentry is an instane of HL7 RIM lasses suh as the �Observation� lass, and their ontent isalso annotated with oded terms. For example, in one of the �Observation� lass instanes,the MeSH ode �D000224� is used to indiate that the patient has su�ered from �AddisonDisease�.On the other hand, as presented in Figure 4.8 in the extended model through the51



********************************************************
Past Medical History section

********************************************************
<component>

<section>

<code code="11348-0“ codeSystem="2.16.840.1.113883.6.1”/>

<title>PastMedicalHistory</title>
<entry>

<observation classCode="OBS" moodCode="EVN">
<code code="I10“ odeSystem="2.16.840.1.113883.6.3"></code>

<!--Essential (primary) hypertension; ICD-10   -->
</observation>

</entry>                  

<entry>
<observation classCode="OBS" moodCode="EVN">

<code code=“D000224“
codeSystem=“MeSH"></code> 

<!—Addison’s disease; MeSH -->

</observation>

</entry>

<entry>
<observation classCode="OBS" moodCode="EVN">

<code code="I21" codeSystem="2.16.840.1.113883.6.3"></code>
<!--Acute myocardial infarction; ICD-10   -->

</observation>
…….

<Observation 
mood_cd="event"> 

<service_cd>
<Concept 

concept_id=“C154."

concept_source=“READ Codes" 
concept_name=“Corticoadrenal

Insufficiency">
</Concept> 

</service_cd>
<Observation> 

EHREntity

-ehrSemantics

-entrySemantics

Concept

-conceptName: Past Medical History

-conceptID: C00552487

-conceptSource: UMLS

DataItem

-dataValue

Figure 4.8: An Example of Extrating GLIF Patient Entity from the HL7 CDA�EHREntity� lass, the type of the data to be extrated from the EHR doument is spei�edthrough the following mehanisms:
• First the semantis of the �Setion� to be disovered is spei�ed in the �ehrSemantis�attribute of the �EHREntity�. As an example, <Past Medial History, C0552487,UMLS> expresses suh a meaning.
• The �entrySemantis� attribute of the �EHREntity� spei�es the exat semantis of thedata needed as an instane of a DataItem lass of GLIF. The range of the dataValueproperty of the �DataItem� lass, spei�es the semantis of the linial statements interms of the �PatientData� (Observation, Mediation or Proedure) instanes de�nedin GLIF RIM [29℄. In terms of granularity, the data spei�ed in these �DataItemValue�instanes orresponds to one of the entries in the CDA douments. For example,on the right hand side of Figure 4.8, there is an example �DataItemValue� instane,representing the �Cortioadrenal Insu�ieny� observation. Here, the meaning is giventhrough the �GLIF RIM Observation lass�, and the �Conept� that are bound to this52



observation. In the �Conept� lass, the semantis of the data is spei�ed with theode of �CortioAdrenal Insu�ieny� in READ Codes[78℄. In this way, it is possibleto represent the semantis of the linial data required by the guideline exeutionformally in a mahine proessable manner.
if(glifCodingSheme!= DoCodingSheme)
thentargetEHRSemantiCategory= map(glifEHRSemantiCategory, glifCodingSheme,DoCodingSheme);
else targetEHRSemantiCategory=glifEHRSemantiCategory;Setion targetSetion = setionImport(EHRDo,targetEHRSemantiCategory);Entry targetEntry = disreteDataImport(targetSetion,glifEntrySemantiCategory,glifCodingSheme);
function disreteDataImport(targetSetion,glifEntrySemantiCategory,glifCodingSheme)
forall Entry e in targetSetion{entryCodingSheme=(e.getCode()).getCodingSheme();

if(entryCodingSheme!= glifCodingSheme)
thentargetSemantiCategory= map(entrySemantiCategory,entryCodingSheme,glifCodingSheme);
else targetSemantiCategory=entrySemantiCategory;
if(targetSemantiCategory == glifEntrySemantiCategory)
then return e;} Figure 4.9: The Disrete Data Import AlgorithmThe algorithm used in extrating EHR entry semantis is presented in Figure 4.9.First, it is neessary to hek whether the oding shemes for annotating the Setions(through the ehrSemantis attribute) used in GLIF spei�ation math the oding shemesused in the CDA Doument. If not, the oded terms used to annotate the setion ontentsshould be mapped to eah other so that the relevant setion in the CDA doument an beimported. In our example, in the CDA doument, the setion is annotated with the LOINC53
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Figure 4.10: Mapping of terms from di�erent Terminology System through UMLS ConeptHierahyode �11348-0� to represent that it is about �Past Medial History�. However in the guidelinede�nition the same onept is represented with the UMLS ode �C0552487� to speify thatthe Guideline needs the �Past Medial History� of the patient.One we have mapped the term used in guideline de�nition to the the term used toidentify the setion in the CDA Doument, this partiular setion is imported by parsing theCDA doument. For retrieving the partiular linial statement mapped the term used inguideline de�nition to the guideline spei�ation, a similar approah is followed as outlinedin the �disreteDataImport� funtion in Figure 4.9. The oded terms used to annotatethe entries in the CDA doument, and the entry semantis in guideline de�nition may bedi�erent. For example, in the example CDA doument presented in Figure 4.8, the entry isannotated with a MesH ode while a READ ode is used to annotate the entry semantis inthe extended guideline de�nition.To �nd the orrespondenes among di�erent oding shemes, it is possible to use aterminology server. A medial terminology server serves a ontrolled voabulary for medialinformation systems by modeling medial onepts in a desriptive manner. Among otherfuntionalities, medial terminology servers handles the mapping of these medial onepts54



to Medial lassi�ation shemes; through this faility they also provide translation failitiesbetween the terms of di�erent lassi�ation shemes.GALEN [31℄ is one of the �rst implementations of suh a medial terminology serverwhih de�nes medial onepts in desriptive logis supporting subsumption. Another suhterminology server is UMLS: the UMLS Knowledge Soure Server Metathesaurus [96℄ om-prises over one million biomedial onepts and �ve million onept names, all of whihare from over a hundred ontrolled voabularies and lassi�ation systems suh as ICD-9,SNOMED and LOINC, providing a mapping struture between them. In our arhiteture amapping funtionality supporting subsumption is used based on the onepts and mappingprovided by UMLS.In Figure 4.10, a part of the UMLS Conept hierarhy and mappings of these onepts todi�erent terminology systems is presented as de�ned by UMLS Knowledge Metathesaurus.One suh mapping de�nitions are stored in an ontology server supporting subsumption, itbeomes possible to dedue impliit relationships and mapping between the terms of di�erentoding shemes. Our mapping servie queries the Ontology Server bootstrapped with theUMLS onepts and term mappings to di�erent terminology systems, in order to disoverthe respetive equivalent terms of the oded terms used in the extended guideline de�nitionin several other medial terminology systems.As an example, in Figure 4.8, the READ Code �C154.� is spei�ed as the �entrySeman-tis� in the GLIF de�nition, to be able to hek whether the patient has previously su�eredfrom �Cortioadrenal Insu�ieny�. However in the CDA doument in Figure 4.8, the MeSHodes are used to represent this semantis.As seen in Figure 4.10, there is a diret mapping between the term �C154.� and UMLSConept �Adrenal Cortiol Hypofuntion, C0405580�, however this term does not have adiret orrespondent in MeSH odes. On the other hand, from the UMLS Conept hierarhywe see that the onept �Addison's Disease, C0001403� is a sublass of the UMLS Conept�Adrenal Cortiol Hypofuntion, C0405580�, and the onept �Addison's Disease, C0001403�has a diret mapping to the �D000224� term in MeSH. Using the subsumption relation-ship between these terms, the mapping servie dedues that the term �Addison's Diseases,D000224� is in fat �IS-A� �Cortioadrenal Insu�ieny, C154.�. Hene a math in the CDAdoument an be found and used in the guideline exeution.In this way, using the semantis de�ned in the extended GLIF model, the related entryan be retrieved seamlessly from the CDA doument, if suh a linial statement exists.55
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Medical Information 
System Database

<?xml version='1.0' encoding='ISO-8859-1'?>

<!DOCTYPE uridef[

<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns">

<!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema">

<!ENTITY owl "http://www.w3.org/2002/07/owl">

<!ENTITY service "http://www.daml.org/services/owl-s/1.1/Service.owl">

<!ENTITY profile "http://www.daml.org/services/owl-s/1.1/Profile.owl">

<!ENTITY process "http://www.daml.org/services/owl-s/1.1/Process.owl">

<!ENTITY FuncOnt "http://144.122.230.12:8080/Saphire/FuncOnt.owl">

<!ENTITY messageOnt “ExURI/MessageOnt.owl">

……

<service:Service rdf:ID=“CoronaryAngiographyResultService”>

<service:presents rdf:resource=#ProfileCoronaryAngiographyService>

<service:describedBy rdf:resource=#ProcessCoronaryAngiographyService>

</service:Service>….

<FuncOnt:CoronaryAngiogram rdf:ID=“ProfileCoronaryAngiographyService”>

…….

<profile:hasInput rdf:resource=#patientID>

<profile:hasInput rdf:resource=#operationDate>

<profile:hasOutput rdf:resource=#coronaryAnatomy>

</FuncOnt:CoronaryAngiography>

…..

<process:AtomicProcess rdf:ID=" ProcessCoronaryAngiographyService ">

<process:hasInput>

<process:Input rdf:ID=" PatientID ">

<process:parameterType rdf:datatype="&xsd;#anyURI">

&xsd;#string</process:parameterType>

</process:Input>

</process:hasInput>

,,,,,

<process:hasOutput>

<process:Output rdf:ID=" CoronaryAnatomy ">

<process:parameterType rdf:datatype="&xsd;#anyURI">

&messageOnt;#CoronaryAnatomy</process:parameterType>

</process:Input>

</process:hasInput>

…….
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Figure 4.12: Publishing Medial Web Servies with their Semantis to UDDIsteps are followed as presented in Figure 4.12:
• First of all, the funtionality ontology is parsed and a TModelKey is reated for eah ofthese funtionality ontology nodes. TModels provide the ability to desribe omplianewith a spei�ation, a onept, or a shared design. When a partiular spei�ationis registered with the UDDI as a tModel, it is assigned a unique key, whih is thenused in the desription of servie instanes to indiate ompliane with the spei�-ation. The spei�ation is not inluded in the tModel itself. The �OverviewDo�and �OverviewURL� elements of tModels are used to point at the atual soure of aspei�ation.
• Two more TModels are reated for representing the WSDL and OWL-S Spei�ationsof Web servies.
• When a Web Servie is to be published to the UDDI Registry, �rst of all its WSDLand OWL-S �le URIs are bound to the servie by adding the Tmodels with �wsdlSpe�and �owlsSpe� keys and WSDL and OWL-S URIs as OverviewURLs to the ategorybag of the Servie De�nition.
• For annotating the funtionality semantis, the OWL-S �le is parsed and the TModel57



oronaryAngiographyMedialAtionImp: ServieImpl
<oronaryAngiographyMedialAtionImp, http://81.180.27.130:8080/axis/servies/CoronaryAngiography?WSDL> : servieWSDL
<oronaryAngiographyMedialAtionImp, http://81.180.27.130:8080/servieOWLS/CoronaryAngiography.owl> : servieOWLS
<oronaryAngiographyMedialDataEntity,oronaryAngiographyMedialAtionImp> : aessParamsFigure 4.13: An example ServieImpl Instane in the Extended GLIF Modelpreviously reated for the Servie Funtionality Ontology node in Servie Pro�le Hier-arhy is found and this Tmodel is added to the ategory bag of the Servie.In the deployment phase of a generi guideline de�nition for a spei� patient and aninstitute, the range of the funtionality property of a MedialAtionEntity in the guidelineinstane (Figure 3.8) is used in querying the UDDI registry. The disovered servie instanesWSDL and OWL-S referenes are saved to the exeutable guideline instane as a propertyof a �ServieImpl� (Figure 4.2) instane as presented in Figure 4.13.4.2.1 Addressing the Interoperability of Exhanged Messages used in theClinial Web ServiesServie funtionality semantis enables us to disover the Web servies based on their se-mantis. However, in order to invoke the disovered Web servies while the guideline isexeuting, message level interoperability is also needed. Servie funtionality semantis maysu�e to ahieve interoperability only when all the Web servies and guideline exeutionengines use the same message standards, and same Referene Information Models. However,it is not realisti to assume that all the healthare organizations omply with the same mes-sage struture and ontent. Hene, there is a need to transform one message ontent intoanother.In order to failitate message transformation, our arhiteture utilizes ontology mapping.The OWLmt tool [6℄ is used for mapping the input and output parameters of Web serviesto the instanes of the referene information model used in GLIF spei�ation.OWLmt is an Web Ontology Language (OWL) [66℄ based ontology mapping tool tohandle ontology mediation by mapping the OWL ontologies in di�erent strutures and withan overlapping ontent to eah other. It aims to de�ne a doument alled the �Mapping58



De�nition� desribing how the soure ontology and the target ontology lasses and propertiesrelate. This doument inludes the units of information alled the �Mapping Patterns�,whih are the mathings between the soure ontology and the target ontology lasses andproperties. The �Mapping De�nition� is then used to transform the soure ontology instanesto the target ontology instanes automatially.The semanti mediation in our arhiteture is enabled through the following steps:
• Servie message ontologies are reated to express the semantis of the Clinial Webservie messages. In the healthare domain, the Web servies usually exhange XMLmessages. Through a normalization tool [32℄, we reate the OWL ontology of the Webservie messages from the XML Shema (XSD) [105℄ de�nitions of the servie messages.It is lear that when an OWL ontology is reated from an XML Shema (XSD), it isnot possible to extrat some of the OWL spei� semantis suh as lass expressionsor various types of properties. Yet, it is still possible to obtain the lass hierarhiesand the properties of lasses and this information proves useful in ontology mapping.
• Based on the servie funtionality and servie message ontologies, Web servies areannotated in our arhiteture through OWL-S [69℄ as depited in Figure 4.11. TheOWL-S Pro�le lass has properties alled hasInput and hasOutput whose ranges are�Input� and �Output� lasses. These lasses, in return have a property, namely, param-eterType. The value of this property is set to a node in the loal message ontologies.In this way the servie's input and output parameters are annotated with the serviemessage ontologies.
• In the GLIF model, the data exhange with the external resoures is realized throughthe instanes of Proedure, Mediation and Observation RIM lasses. We have reatedan XML shema (XSD) of these lasses. Then, the OWL ontology from the XSD �leis reated automatially through the Normalization Tool.
• The next step is to reate the mapping de�nition between the GLIF RIM ontologyand Clinial Web servie Message Ontologies through the graphial interfae of theOWLmt tool. An example mapping is illustrated in Figure 4.14. On the left handside, the Mediation onept in GLIF RIM ontology is presented, the parts of whihare mapped to the Mediation instane expeted by the Web Servie. Apart from theopy and the onatenation funtionalities, the OWLmt tool also allows the user tode�ne more advaned transformation funtions in terms of java sripts.59
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• One suh a �Mapping De�nition� is reated by the OWLmt tool, the mediation ofmessage instanes are ahieved as presented in Figure 4.15:
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Figure 4.15: Semanti Mediation of Clinial Web Servie Messages
� While the guideline is being exeuted, the Web servie parameters are providedas the XML instanes of the Referene Information Model used in GLIF.� These XML instanes are normalized to OWL instanes of the Referene Infor-mation Model used in GLIF.� The OWL instanes are automatially transformed to the instanes of the ClinialWeb Servie message ontologies through the OWLmt tool mapping engine usingthe �Mapping De�nitions� previously reated.� The instanes of the Clinial Web Servie message ontologies are normalized toXML instanes whih are the messages the Clinial Web servies are expeting to60



reeive.
• The same proedure is followed when a response is reeived from the Web Servie.In this way, the guideline exeution environment always proesses the data enoded as in-stanes of the GLIF RIM, as proposed in the GLIF spei�ation; the Clinial Web Serviesalways proess the input, output parameters as the instanes of the Referene InformationModel used internally in the hospitals.4.3 Addressing the Interation with the Alert/Reminder Ser-viesIn our arhiteture, a role based, publish/subsribe mehanism is implemented for deliveringthe alerts and reminders generated by guideline exeution to the related reipients [1℄. Thealert/reminder system works as follows:
• The alert/reminder system has a Web Servie Interfae with the underlying MedialInformation Systems. Through the Web Servies exposed by the hospitals, the infor-mation about the Patients, the Guidelines assigned to them, the dotors responsiblefor their are an be retrieved.
• Graphial Interfaes are provided to the Healthare Professionals to subsribe to thealerts/reminders about a patient/guideline pair. In addition to this, healthare profes-sionals may de�ne rules to speify the transmission mehanism of the alerts/reminders(suh as SMS, Pager, or email) based on the urgeny of the alert/reminder.
• The alert system has a Transmission Layer. In this layer modular transmission meh-anisms are provided. Currently message transmission through SMS, email and theGoogle messenger are supported. SMS transmission is ahieved through a Web Servieprovided by a mobile servie provider ompany.
• The alert system has an interfae to reeive the alert/reminder message delivery re-quest. The message tuple has the following struture: (patientID, guidelineID, ur-geny, roles and message ontent). The alert/reminder message reated as a result ofthe guideline exeution is sent to the Alert/Reminder System, by speifying the �roles�to whom the message should be delivered. The roles urrently available are: �dotor�,�nurse� or �patient relative�. 61



• The alert system has a rule engine whih oordinates the publish/subsribe mehanism.The healthare users who have the spei�ed role and have subsribed to reeive thealert/reminder messages of the given patient/guideline pair are loated. Then byrunning the rules spei�ed by the healthare user, the delivery mehanism is deidedand the delivery of the messages are initiated through the Transmission Layer.This alert system is used in ooperation with the tools developed in this thesis in orderto demonstrate how the semanti extensions proposed in this thesis to represent the seman-tis of alert messages an be exploited to deploy the guideline that an ommuniate withalert/reminder systems.
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CHAPTER 5THE MULTI-AGENT SYSTEMRESPONSIBLE FOR DEPLOYMENT ANDEXECUTION OF CLINICAL GUIDELINES
The semantially enrihed linial guidelines desribed in Chapter 3 are deployed and exe-uted on the semanti infrastruture desribed in Chapter 4 through a multi-agent system.Using the semantially enrihed guideline de�nition, the multi-agent system is apable ofspeializing the linial guideline de�nition to a spei� patient and an loate the resouresfor aessing patient data in heterogeneous healthare settings.An overview of the subomponents and their interation is depited in Figure 5.1. Thesystem is implemented as a multi-agent system, sine as a result of the oneptual designphase we have realized that in order to deploy and exeute the linial guidelines in a het-erogeneous distributed environment, there should be a number of autonomous omponentsthat should be ommuniating with eah other in a reative manner, and some of theseomponents should be instantiated and eliminated dynamially based on the demand.The roles of eah agent in our multi-agent an be introdued as follows:

• Agent Fatory Agent : The Agent Fatory Agent is mainly responsible for speializ-ing the guideline de�nition to a patient, and reating the Guideline Agent whih willexeute the linial guideline. The Agent Fatory Agent is apable of proessing thegeneri guideline de�nition annotated with semantis. By interating with the re-soures of medial information systems, it disovers the real implementations of themedial servies exposing hospital information system funtionalities and sensor ser-vies and the doument identi�ers of the EHR douments of the patients, so that theguideline de�nition beomes ready to be exeuted. As a result, a speialized guideline63
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• EHR Agent : In our arhiteture, the EHR Agent funtions as the gateway to aessand extrat linial data from the Eletroni Healthare Reords of the patient withina Clinial A�nity Domain. EHR Agent is modelled as a separate agent, to abstrat theaess to EHR from other agents. Currently in our arhiteture for sharing EHR do-uments two di�erent mehanisms are supported: the IHE XDS Registry/Repositoryarhiteture and a Web Servie based arhiteture. The EHR Agent is apable of om-muniating with either the IHE XDS Registry/Repository or Web Servies to retrievethe EHR douments. On top of this, in eah a�nity domain, the EHR Content stan-dard onformed, suh as HL7 CDA or EHRCom, may di�er. The EHR Agent also64



abstrats how to proess these mahine proessable EHR Content standards to extratthe linial statements sought by the linial guideline.
• Ontology Agent : Our arhiteture is apable of reoniliation of semanti interoper-ability problems while aessing the resoures of healthare institutes. In the guidelinede�nition, patient data referenes are modelled in a referene information model basedon HL7 RIM. It is possible that the medial Web servies, the sensor data, and theEHR douments use di�erent referene information models, and linial terminologies.Through Ontology Agent this semanti interoperability problem is solved. For thispurpose the Ontology Agent exploits the OWLmt ontology mapping tool, and theUMLS terminology server.
• Guideline Agent : The Guideline Agent is the main entity whih exeutes the Clinialpratie guidelines. It is reated by the Agent Fatory Agent for eah patient-guidelineassignment. The Guideline Agent proesses the guideline de�nition speialized to a pa-tient and exeutes the ativities spei�ed in the guideline de�nition. It an be thoughtas the enatment engine for the linial guideline. The Guideline Agent exploits severalmodular handlers to ahieve this responsibility. The Guideline Agent also ommuni-ates with other entities in the arhiteture suh as EHR Agent, Ontology Agent,Monitoring Agent and Alarm Distribution Agent.
• Monitoring Agent : While the guideline is exeuted, the urrent status of the guidelineexeution is sent to a spei� agent whih we all Monitoring Agent. MonitoringAgent provides an interfae to the linial pratitioners to visualize the exeution ofthe guideline. Monitoring Agent is diretly in ontat with the Guideline Agent.
• Alarm Distribution Agent : While the guideline is exeuted, several alarms, noti�a-tions, reminders may need to be issued to medial pratitioners, and when neessaryto the patient relatives. In suh ases the alarm message and the role to whom themessage should be delivered is informed to an agent, the Alarm Distribution Agent,whih is spei�ally designated to distribute these messages to the neessary reipientsin the most e�ient and reliable way. The Alarm Distribution Agent is diretly inontat with the Guideline Agent.Apart from these agent the roles of the other entities in the arhiteture an be summa-rized as follows: 65



• Guideline Repository : In our arhiteture the linial guideline de�nitions modelledin the extended guideline model are stored in a Guideline Repository so that theyan be aessed by healthare institutes whih want to deploy suh guidelines to theirinstitutes. These generi guideline de�nitions are stored to this Guideline Reposi-tory by annotating them with a number of ICD 10 odes. ICD 10 odes presents aategorization of diseases and signs, symptoms, abnormal �ndings, omplaints, soialirumstanes and external auses of injury or diseases, as lassi�ed by the WorldHealth Organization (WHO). The healthare institutes an disover the relevant lin-ial guidelines from the Guideline Repository given a problem de�nition oded in ICD10 odes.
• Saphire Repository : In order to share information entities among the omponents of thearhiteture, we use the Saphire Repository. It is a persistent objet store, enablingthe storage and retrieval of internal information entities suh as Patient-GuidelineAssignments, Monitoring messages and so on.
• Patient Identi�er Cross-Referening Manager : As disussed in Setion 4.1.1, PatientIdenti�er Cross-Referening Managers (PIX Managers), enables the mapping of di�er-ent Patient identi�ers assigned to the same patient by di�erent healthare institutes.The EHR Agent uses this omponent to be able to aess Eletroni Healthare Reordsof the patients.
• UDDI Registry : As disussed in Setion 4.2, the Web servies exposing the funtion-alities of Clinial Work�ows and the data produed by medial sensor devies arepublished in UDDI registries through their funtionality semantis.
• XDS Registry : As disussed in Setion 4.1, the Eletroni Healthare Douments areregistered in XDS registries through their semantis, so that their URI's an be dis-overed to retrieve them from the respetive EHR repositories.The Multi-agent System supported with additional omponents brie�y desribed enablesthe deployment and exeution of linial guidelines not only within a single linial a�nitydomain, but also aross linial a�nity domains: i.e. the resoures neessary for the exeu-tion of the linial guideline suh as Eletroni Healthare Reords and medial servies oflinial work�ows an be disovered and aessed aross a�nity domains. For this purpose,besides the entities that should be available in eah linial a�nity domain, some supplemen-tary omponents should also be hosted to enable the ommuniation aross a�nity domain66
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An example queryEHR request An example response to a queryEHR request

(request 

  :sender 

    (agent-identifier 

      :name agentfactory-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name ehr-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology AF-EHR-Ontology 

  :content 

    (action 

      (agent-identifier 

        :name ehr-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (queryEHR  

      (EHR-description 

        :pid 12345678 

        :ehrSemantics (concept 

                                   conceptname : Past MedicalHistory 

                                    conceptSource:LOINC 

                                   conceptID :11348-0))))  

  :reply-with queryEHR-1123234) 

(inform 

  :sender 

    (agent-identifier 

      :name ehr-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name agentfactory-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :language FIPA-SL2 

  :ontology (set AF-EHR-Ontology) 

  :content 

    (= (iota ?i 

      (result 

        (action 

          (agent-identifier 

            :name ehr-agent@foo.com 

            :addresses (sequence iiop://foo.com/acc)) 

(queryEHR  

      (EHR-description 

        :pid 12345678 

        :ehrSemantics (concept 

                                   conceptname : Past MedicalHistory 

                                    conceptSource:LOINC 

                                   conceptID :11348-0))))  

?i)) 

      (sequence (1654b3de-8b51-420e-839e-b1c39e35bb90.xml  

)))) 

  :in-reply-to queryEHR-1123234) Figure 5.4: An example queryEHR request and responseontent from the Repositories by issuing a �RetrieveDoument� transation as presented in�g-queryEHR.Apart from loating and retrieving EHR douments, EHR Agents also serve anotherimportant feature: retrieving a spei� piee of information from the EHR ontent. TheEHR ontent standard agreed by eah linial a�nity domain may be di�erent, howeverthe EHR Agent of that domain, is apable of proessing the doument format agreed andextrat the requested piee of information in the format requested by the linial guidelineexeution environment. As presented in setion 4.1.2, in our arhiteture, we are using HL7CDA douments as EHR douments, and in our implementation, we have implemented anEHR Agent that is apable of proessing the CDA doument, loate the requested piee ofinformation among the CDA Entries, and present it to the requesting entity. The algorithmpresented in Figure 4.9 is ollaboratively exeuted by the EHR Agent and the OntologyAgent in the Multi-agent System. In the RetrieveEntry request sent to the EHR Agent,69



Guideline Agent EHRAgent A XDS Registry

Repository

Ontology Agent

RetrieveEntry(ehrSemantics,

entrySemantics,DocID)

translationRequest(ehrSemantics,

SourceOnt,TargetOnt)

retrieveDocument(DocID)

sectionImport(ehrSemantics)

For All Entry in the Section

translationRequest(entrySemantics,

SourceOnt,TargetOnt)

compareSemantics

(ehrSemantics)

Figure 5.5: Interation of EHR Agent with other omponents for Retrieving Clinial State-mentsthe semantis of the piee of information requested is also spei�ed with oded terms. Forexample, the linial guideline exeution environment may be in need of disovering whetherthe patient has previously experiened �bronhial spasm�. In the request sent to the EHRAgent (Figure 5.6), besides the doument type ode for �Past Medial History�, the odedterm representing �bronhial spasm� is also spei�ed for example as �C0006266� in UMLSmedial terminology. In the CDA doument all the entries are also annotated with odedterms, however another ode from a di�erent terminology may have been used for identifyingthe same entry in the CDA doument whih ould be the �F-20250� term from SNOMEDterminology [87℄. To solve this interoperability problem, the EHR Agent onsults to theOntology Agent, and reeives an answer to its translation request. In this way althoughdi�erent medial terminologies may have been used, the requested part of the EHR an beextrated from the whole EHR doument as presented in Figure 5.5.5.2 Ontology AgentThe Ontology Agent in our arhiteture is responsible for handling the semanti mediationof the linial ontent used in guideline deployment and exeution arhiteture. It is usedfor the following purposes as presented in Figure 5.7:70



An example retrieveEntry request An example response to a retrieveEntry request

(request 

  :sender 

    (agent-identifier 

      :name guideline-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name ehr-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology  GA-EHR-Ontology 

  :content 

    (action 

      (agent-identifier 

        :name ehr-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (retrieveEntry  

      (Entry-description 

        :ehrSemantics (concept 

                                   conceptname : Past MedicalHistory 

                                    conceptSource:LOINC 

                                   conceptID :11348-0) 

        :entrySemantics (concept 

                                   conceptname : BronchialSpasm 

                                    conceptSource:UMLS 

                                   conceptID :C0006266) 

        :docID : 1654b3de-8b51-420e-839e-b1c39e35bb90.xml 

       )))  

  :reply-with retrieveEntry-1123234) 

(inform 

  :sender 

    (agent-identifier 

      :name ehr-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name guideline-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :language FIPA-SL2 

  :ontology (set GA-EHR-Ontology) 

  :content 

    (= (iota ?i 

      (result 

        (action 

          (agent-identifier 

            :name ehr-agent@foo.com 

            :addresses (sequence iiop://foo.com/acc)) 

    (retrieveEntry  

      (Entry-description 

        :ehrSemantics (concept 

                                   conceptname : Past MedicalHistory 

                                    conceptSource:LOINC 

                                   conceptID :11348-0) 

        : entrySemantics (concept 

                                   conceptname : BronchialSpasm 

                                    conceptSource:UMLS 

                                   conceptID :C0006266) 

        :docID : 1654b3de-8b51-420e-839e-b1c39e35bb90.xml 

       ))) ?i)) 

      (<observation > <service_cd> <Concept conceptID= `F-

20250` conceptSource=`Snomed` conceptName=`Bronchial 

Spasm`/> </service_cd></observation>)))) 

  :in-reply-to retrieveEntry-1123234) Figure 5.6: An example retrieveEntry request and response
• Mapping the parameters of Medial Web Servies: In our arhiteture, the guidelineexeution environment uses a referene information model based on HL7 RIM subset torepresent the linial information. However, it is a fat that several other standards oreven propriety formats may be used by the healthare institutes to represent linialinformation. The guideline exeution environment needs to ommuniate with thehospital information systems to re�et the results of guideline exeution. For example,the guideline exeution an result with a proposal of presription of a mediationto the patient; in this ase this information may need to be stored to the hospitalinformation system to a�et the linial work�ow. In our arhiteture, these kinds ofinterations are handled through the Web servies exposed by the healthare institutes.71
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Figure 5.7: The Ontology Agent Interations with other agentsHowever it is natural that the parameters of these Web servies are onforming to themessaging and ontent standards used within the hospital, not to the one used inthe guideline exeution environment. Whenever the Guideline Agent needs to invoke aMedial Web Servie, it onsults with the Ontology Agent and the input parameters areautomatially mediated to the messaging and ontent standards used by the hospital.The same mehanism is used for mapping the output parameters.
• Mapping the parameters of Sensor Web Servies: In our arhiteture, the guidelineexeution environment represents the sensor data to be used in guideline exeution inthe same referene information model based on HL7 RIM. Currently in our arhiteturethe sensor data are exposed as Web servies whih represent the data in IEEE 11073Domain Information Model [39℄. Whenever a data is reeived form a Sensor WebServie, the Guideline Agent onsults with the Ontology Agent to mediate the sensordata to the referene information model used in the guideline exeution environment.
• Mapping the ontent of the Eletroni Healthare Reords of the Patient : In our ar-hiteture the Eletroni Healthare Reords of the patients are represented as HL772



Figure 5.8: The Ontology Servie Referene Model proposed by FIPA [28℄CDA douments. In HL7 CDA, the doument setions and entities an be oded withoded terms from di�erent oding shemes. In the extended guideline de�nition modelthe EHR data an also be annotated with onepts from ontologies or oding shemes.Whenever di�erent oding sheme standards are used, the Ontology Agent is onsultedfor mediation. Sine the Guideline Agent ooperates with the EHR Agent wheneveran EHR ontent is neessary, the mediation request to Ontology Agent is sent by theEHR Agent.The Ontology Agent is ompliant with the FIPA Ontology Servie Spei�ations [28℄.Aording to FIPA Spei�ations, an Ontology Agent is an agent that provides aess to oneor more ontology servers and whih provide ontology servies to an agent ommunity. TheOntology Agent (OA) is responsible for the one or some of these servies:
• maintain (for example, register with the DF, upload, download, and modify) a set ofpubli ontologies,
• translate expressions between di�erent ontologies and/or di�erent ontent languages,
• respond to query for relationships between terms or between ontologies,The FIPA Spei�ation deals with a standard way to serve the ontology servies; it doesnot mandate any mehanism on how to map the ontologies to one another as presented in73



An example translation request An example response to a translation request

(request 

  :sender 

    (agent-identifier 

      :name client-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name ontology-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology FIPA-Ontol-Service-Ontology 

  :content 

    (action 

      (agent-identifier 

        :name ontology-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (translate (C0262926)) 

      (translation-description 

        :from UMLSDocTypeOntology 

        :to LOINCDocTypeOntology)))  

  :reply-with translation-query-1123234) 

(inform 

  :sender 

    (agent-identifier 

      :name ontology-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name client-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :language FIPA-SL2 

  :ontology (set FIPA-Ontol-Service-Ontology) 

  :content 

    (= (iota ?i 

      (result 

        (action 

          (agent-identifier 

            :name ontology-agent@foo.com 

            :addresses (sequence iiop://foo.com/acc)) 

     (translation-description 

        :from UMLSDocTypeOntology 

        :to LOINCDocTypeOntology))) ?i)) 

      (11348-0)) 

  :in-reply-to translation-query-1123234) 

Figure 24 An exmple translation request and response Figure 5.9: An example translation request and responseFigure 5.8. As well as all the other agents, the OA registers its servie with the DiretoryFailitator (DF) and it also registers the list of maintained ontologies and their translationapabilities in order to allow agents to query the DF for the spei� OA that manages aspei� ontology. Being ompliant with the FIPA Ontology Servie Spei�ation neessitatesthe Ontology Agent to be able to aept and respond to the ontology servie requests in FIPA-Ontol-Servie-Ontology ontology. An example translation request and response is presentedin Figure 5.9.As presented, the FIPA Ontology Servie Spei�ation does not deal with how the map-ping is failitated. In our arhiteture, the mapping is failitated through three di�erentmediation mehanisms (Figure 5.7 and Figure 5.10):
• Mapping the parameters of Medial Web Servies: In one of our previous projets,Artemis [18℄, we have developed an OWL Ontology Mapping Tool, the OWLmt [6℄, tomediate the input and output parameters of medial Web servies between di�erentstandards. The Ontology Agent handles suh mapping requests through the OWLmttool. The OWLmt tool provides a graphial interfae to de�ne the mapping patternsbetween OWL ontologies in di�erent strutures but with an overlapping ontent. This74
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Figure 5.10: The Arhiteture of the Ontology Agentmapping de�nition is used to automatially translate ontology instanes to one an-other. In our arhiteture, the shemas of Web servie messages, and the shema ofthe Referene Information Model used by the linial guideline exeution environmentare lifted to metamodel level and represented as OWL ontologies. Then through theOWLmt GUI, the mapping relationships between them is de�ned graphially one,whih will be used by the OWLmt Mapping engine to mediate the Web servie param-eters to the referene information model understood by the linial guideline exeutionenvironment. For the details of the OWLmt tool, please refer to [6℄, where detailedexamples of mapping de�nitions from medial domain are presented.
• Mapping the terminologies used in Clinial Doument Content : The Ontology Agenthandles suh requests by ommuniating our Ontology Server bootstrapped by theUMLS onepts and their mappings to the nodes of medial terminology systems [96℄.The UMLS Metathesaurus ontains information about over one million biomedialonepts de�ned based on the terms from many ontrolled voabularies and lassi-�ations used in patient reords, administrative health data, bibliographi and full-text databases, and expert system. These ontrolled voabularies and lassi�ations(i.e. medial terminology systems) are referred to as the �soure voabularies� ofthe Metathesaurus. The Metathesaurus re�ets and preserves the meanings, oneptnames, and relationships from its soure voabularies. It provides mapping of the termsin these �soure voabularies� to the onepts in UMLS onept hierarhy. The UMLSKnowledge Soures are downloadable as databases in UMLS Site. In our arhiteture,we have bootstrapped an Ontology Server, saved the UMLS onept hierarhy and the75



mappings of the terms of medial terminology systems to these onepts as presentedin Figure 4.10. The Ontology Agent queries this Ontology server whih supports sub-sumption for �nding the synonyms of linial terms in di�erent medial terminologysystems suh as ICD10, LOINC and SNOMED CT if there are any.
• Mapping the parameters of Sensor Web Servies: As presented in Setion 2.7 in ourarhiteture the sensor data is exposed as Web servies in IEEE 11073 DIM. Howeverthis information in DIM, should be translated to HL7 RIM whih is used by the linialguideline exeution environment. The IEEE 11073 Standards family names this levelas �Observation Reporting Interfae�, and provides guidelines to map the IEEE 11073DIM to the HL7 observation reporting messages, segments, and �elds. The OntologyAgent uses a tool that implements these guidelines to handle the mediation of messagesin DIM to HL7 RIM used by GLIF [64℄.5.3 Agent Fatory Agent
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Figure 5.12: The Agent Fatory Agent Graphial Interfaelinial guideline de�nition to a spei� patient in a healthare institution is the Agent Fa-tory Agent. The Agent Fatory Agent proesses the linial guideline de�nitions representedin our extended model, and based on the semanti annotations of the external resoures,disovers the instanes of the spei�ed resoures that are relevant for our spei� patient.This proess an be summarized as follows (Figure 5.11):
• In our arhiteture, the medial Web servies exposing funtionalities of healthare in-formation systems, and also the sensor Web servies exposing the sensor data retrievedfrom wireless medial sensor devies are published to a UDDI registry by annotatingthem with their funtionality semantis as desribed in Setion 4.2. Whenever theAgent Fatory Agent enounters a referene to a medial proedure represented asan instane of �MediallyOrientedAtion� lass, it loates the medial servies fromUDDI servie registries by their funtionality semantis whih has been spei�ed inthe extended GLIF model.
• Whenever the Agent Fatory enounters a referene to a linial data of patient to beretrieved from an EHR doument (represented through an instane of �EHREntity�77



linked to a �GetDataAtion� task), it sends a message to the EHR Agent presentingthe Doument type, and Entry type semantis (the ehrSemanti and entrySemantisproperties of �EHREntity� lass) presented in the semantially extended GLIF model.As a response a set of doument identi�ers are reeived pointing to relevant EHRdouments as explained in Setion 5.1.
• When the Agent Fatory Agent enounters a �MessageAtion� in the guideline de�ni-tion, the Agent Fatory Agent sends a disovery message to the �Diretory Failitator�(DF) Agent to loate the Alarm Distribution Agent in our multi-agent system. TheDF Agent is a entralized registry of entries whih assoiate servie desriptions toagent IDs. The agents that wish to advertise their servies to other agents registertheir servies to the the DF Agent, so that they an be disovered by the other agents.This proess is supported with a graphial interfae as presented in Figure 5.12; whenevermore than one possible resoure is loated by the Agent Fatory Agent, those are presentedto the user, so that one of the alternative an be seleted.In addition to that, as explained in Chapter 4, in the semantially extended GLIF modelin the Implementation Layer (Figure 4.2), we have also reserved slots for storing the pointersto the disovered resoures, for example, doument identi�ers in EHR repositories, the WSDLand OWL-S �les of Web servies, and Agent Identi�er of the Alarm Distribution Agent. Asa result of the deployment phase brie�y presented, the Agent Fatory Agent speializes thegeneri guideline de�nition to a patient by reating the instanes of the ImplementationLayer lasses. The speialized linial guideline de�nition is saved to SAPHIRE Repository,so that other omponents suh as Guideline Agent an aess it.Whenever the linial guideline is wished to be exeuted for remote monitoring of aspei� patient, the Agent Fatory Agent instantiates a dediated Guideline Agent for aspei� guideline patient pair. Then a request message is sent to the newly reated guidelineagent to load the guideline-patient assignment, presenting the identi�er of the speializedguideline's identi�er and patient identi�er as presented in Figure 5.13. In addition to this,the Agent Fatory Agent informs the Monitoring Agent, about this instantiation, so thatthe exeution of the remote monitoring proess an be traed by linial pratitioners aspresented in Figure 5.13.
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An example Load Patient-Guideline Assignment request An example  Monitor Guideline  request

(request 

  :sender 

    (agent-identifier 

      :name agent-factory-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name guideline-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology  AF-GA-Ontology 

  :content 

    (action 

      (agent-identifier 

        :name guideline-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (loadGuideline  

      (Assignment-description 

        :patientID  12345678 

        :guidelineID  1654b3de 

       )))  

  :reply-with loadGuideline-1123234) 

(request 

  :sender 

    (agent-identifier 

      :name agent-factory-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name monitoring-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology  AF-MA-Ontology 

  :content 

    (action 

      (agent-identifier 

        :name monitoring-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (monitorGuideline  

      (Guideline-description 

        :patientID  12345678 

        :guidelineID  1654b3de 

        :guidelineagent (agent-identifier 

        :name guideline-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

       )))  

  :reply-with monitorGuideline-1123234) Figure 5.13: Example MonitorGuideline and LoadGuideline request messages5.4 Guideline AgentGuideline Agent is the leading agent that oordinates the exeution of the linial guidelinede�nition for remote monitoring of the patients. The Guideline Agent is apable of proessingany guideline de�nition represented in the extended GLIF model, and exeute the guidelinein ooperation with the other entities of the Multi-agent System. As presented in Figure 5.14,the guideline de�nition is omposed of a number of building bloks. For eah building blokwe have implemented modular handlers. The data sharing among these modular handlersis failitated through a �Global Variable Pool�, where eah handler an aess to store orretrieve the values of variables used in extended guideline de�nition. Global Variable Poolis a hash table loated in Guideline Agent. Keys of the hash table are the names of thevariables as strings. The values of these keys are in GLIF PatientData type whih an be79
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Figure 5.14: The Guideline Agent Handlerseither Mediation, Observation or Proedure lasses de�ned in GLIF RIM (Figure 2.3).The Guideline Agent behavior is implemented to proess the extended guideline de�nitionand instantiate these modular handlers as follows:
• Expression Handler : The �rst step to be exeuted before a guideline algorithm is ini-tiated is the Eligibility Criteria. The longitudinal reords and vital signs of a patienthas to be eligible in order to perform the guideline exeution. Eligibility Criteria on-sists of a number of Criterion all of whih have to be eligible to start the exeutionof linial guideline. A Criterion inludes a number of GetDataAtions and Medial-lyOrientedAtions, whih de�ne the needed data to be aquired from the EHR reordsor Sensor devies respetively. The assessment of eligibility riteria is done via eval-uating the �expression� omponent of the Criterion. The Criterion expressions aresripts that spei�es whether the Criterion is eligible or not. In our extended guide-line model, these Criterion expressions are represented as JavaSript expressions anexample of whih is presented in Figure 5.15. JavaSript Expressions are exeuted inour arhiteture by the Rhino JavaSript Exeution Engine [79℄.In this exeution proess, �rst of all the GetDataAtions and MediallyOrientedAtionsspei�ed in the Eligibility Criteria Step are exeuted through the respetive handlers.As a result of this, the results of these data gathering ations are stored to GlobalVariable Pool through their variable names. Then the parameters of the JavaSriptexpression are fethed from the Global Variable Pool. After eah variable is fethed80



function EligibleTolmmediateManagementCriterion(ECGSTElevationStatus,ECGNewLBBBStatus, PatientGeneratedEvent){
if ((ECGSTElevationStatus.getValue().getText() == "true") ||((ECGNewLBBBStatus.getValue().getText() == "true") &&((PatientGeneratedEvent.getServie_d().getConept_name() == "Angina")||(PatientGeneratedEvent.getServie_d().getConept_name() == "Dyspnea"))))
then return true;
else return false;} Figure 5.15: An example Java Sript used as the �spei�ation� of a Criterionfrom the Global Variable Pool, they are stored in another hash table named �parametertable�, during JavaSript exeution, expression variables are aessed through this tableby the Rhino Java Sript Handler.If an expression evaluates to false, it means that the guideline has failed to pass theeligibility test and exeution is stopped; otherwise the �Eligibility Criteria Handler�ontinues with the next riteria in the guideline spei�ation. If all of the riteriaevaluate to �true�, it means that the guideline algorithm needs to be exeuted. At thispoint the funtionality of �Eligibility Criteria handler� is ompleted. The exeutionontinues with �Algorithm Handler�.
• Algorithm Handler : After the eligibility test yields to �true�, the exeution of theguideline algorithm starts. Guideline Algorithm is handled by �Algorithm Handler�.The funtionality of the �Algorithm Handler� is quite simple as fething the �rst stepfrom the Guideline Algorithm and alling the �Guideline Step Handler� with the properparameters. The �Guideline Step Handler� is a generi handler that takes are of ev-ery kind of guideline step and alls the appropriate step handler. After step handlersomplete their jobs, they all the guideline step handler again. As a result, the algo-rithm steps an be followed in a mutual reursive proedure. Then the �Guideline StepHandler� alls the next guideline step in the algorithm till �Final� state is reahed.As desribed in Setion 2.1, there are �ve basi types of guideline steps, for eah suhstep a handler is implemented as presented in Figure 5.16.� Patient Step Handler : Patient State Step is the simplest guideline step that takes81



Figure 5.16: The Guideline Step Handlersplae in the GLIF spei�ation. There is no medial or omputerized funtion-ality assoiated with it. The funtionality of Patient State Step is serving as amilestone in guideline exeution. They are used to inform the healthare userswho are monitoring the Guideline Agent about the phases of the guideline exe-ution. Typially in GLIF, the initial and �nal steps of every linial guidelineare modeled as a Patient State Step. These steps are displayed separately in thegraphial interfae of the Monitoring Agent.� Branh and Synhronization Step Handlers: Branh and Synhronization Stepsare required to exeute multiple guideline steps at a point of time and rejoin themwhen their exeution is �nished. In Branh Step, the steps that the guidelineexeution will branh are plaed under the �branhes� attribute. This attributerefers to a set of guideline steps (branhes). Another attribute in the Branh Stepde�nition, delares the order onstraint of the guideline exeution. If the orderonstraint is �parallel�, multiple branhes are exeuted in parallel. Otherwise orderonstraint is �any order� in this ase branhes are exeuted one after another. If�parallel� onstraint is seleted, for eah branh step, a new thread is reatedproviding the parameters of the parent thread.Synhronization of the branhes is performed through �Synhronization Step Han-dler�. To keep the trak of the branh exeutions, a �synhronization table� is82



implemented within the Guideline Agent. Synhronization Table is a hash tablethe keys of whih are the names of �Synhronization Steps�, the values orre-sponding to these keys are integers determining the ontinuity parameter of thesynhronization step. Continuity attribute is spei�ed in the SynhronizationStep de�nition, and it is the number of branhes that are needed to be ompletedin order to proeed to the next step. For example if ontinuity is equal to 4, itmeans that 4 di�erent branhes must arrive at that synhronization step. The ex-eution mehanism of �Synhronization Step Handler� is brie�y as follows: Whena synhronization step is reahed, the synhronization table of the guideline stepis heked. If the step is not present in the table, it denotes that this is the �rstvisit to the step. The step is added to the table with its ontinuity parameter. Inthe ase that the step is urrently in the table, then the ontinuity value is fethedand deremented by 1. If new value is equal to 1, it means su�ient number ofbranhes has reahed Synhronization Step. The step is then deleted from thetable. Sine the synhronization table is aessed by multiple threads, the tableitself needs synhronization. In the implementation, the methods dealing withsynhronization table are enapsulated and synhronized so that no two threadsaess the table at the same time. This prevents the inonsistenies whih mayour when di�erent threads reading and updating the table at the same time.When enough number of branhes reahes the synhronization step, �GuidelineStep Handler� is alled by the last thread reahing the Synhronization Step.� Case Step Handler : In Deision steps one of the steps is seleted among the�options� listed in the option list of the Deision Step. The option list is a setof DeisionOptions eah of whih ontains an attribute referring to a ConditionValue lass. ConditionValue lass has an attribute named �aseValue� whihis nothing but a Criterion. As the Eligibility Criteria Step, Criterion has alist ontaining GetDataItems and MediallyOrientedAtions and an expression tobe exeuted. As in Eligibility Criteria Step exeution, �rst the data items areretrieved from the related soures and put in the Global Variable Pool of theGuideline Agent, parameter list formed and JavaSript is exeuted. This proessis arried out by �Expression Handler� lasses.If a Criterion yields to �false�, the option enapsulating the Criterion is abortedand the next option in the option list is evaluated in the same way. In this way83



Figure 5.17: The Ation Spei�ation Handlersthe exeution is analogous to the �if-then-else� statements exeution. The optionshave priority aording to their position in the option list. If the Criterion boundto an option returns true, the destination of that option (whih is a guidelinestep) is seleted diretly and guideline ontinues its exeution from that step.The other steps are diretly bypassed. If all of the options in the option list failto result �true� then the �default next step� of the Deision Step is ompulsorilyseleted. The guideline exeution ontinues from that default next step throughthe �Guideline Step Handler�.� Ation Step Handler : Ation steps are the major group of the guideline stepsby means of whih the Guideline Agent interats with the other omponents ofthe guideline deployment and exeution arhiteture inluding the Multi-agentSystem. Through the funtionality of ation steps, the Guideline Agent gets datafrom EHR soures (XDS) and sensor Web servies, generates alarm messages,and onduts medially oriented ations suh as presription reommendations.The �Ation Step Handler� exeutes the Ation Spei�ations listed in the �tasks�attribute one by one. For this purpose three di�erent �Ation Spei�ation Han-dlers� are reated as presented in Figure 5.17. These are detailed in Subsetion5.4.1.5.4.1 Ation Spei�ation HandlersAs presented, three di�erent types of ation spei�ations may our as a�task� in an AtionStep in the guideline model: Get Data Ation, Message Ation, and Medially OrientedAtion. In our implementation eah of these ation spei�ation types are dealt by means84



of separate handler lasses whih an be detailed as follows:
• Get Data Ation is the ation spei�ation where the required patient data is retrievedfrom the related data soure. After the data is retrieved from the soure, they arestored into the Global Variable Pool with the �variable name�. In our extended GLIFmodel, the nature of the data required in the guideline spei�ation is mentioned in�data soure type� attribute of the GetDataAtion building blok of GLIF through aninstane of an EHREntity lass.In order to retrieve the required linial statement from an EHR doument, throughthe �GetDataAtion Handler�, the Guideline Agent as a �rst step extrats the en-trySemantis and ehrSemantis properties of EHREntity, and the doID of the EHRdoument whih has been previously disovered by the Agent Fatory Agent. TheGuideline Agent reates a �RetrieveEntry� message and sends it to EHR Agent of thatlinial a�nity domain in an ACL Message (Figure 5.6). After the message is sent,the Guideline Agent waits for the response from the EHR Agent. EHR Agent queriesthe XDS repository, makes neessary transformations and sends the result bak tothe Guideline Agent. Guideline Agent whih waits busy until the response from theGuideline Agent arrives then extrats the data whih omes in XML format. First thedata is unmarshalled into a PatientData lass and then is stored into Global VariablePool of the Guideline Agent.
• The Medially Oriented Ations represent the medial Web servies in the extendedGLIF de�nition. Through the �MediallyOrientedAtion Handler� the Guideline Agentextrats the WSDL and OWL-S of the Web servie from the guideline de�nition spe-ialized to a patient by the Agent Fatory Agent. The Guideline Agent prepares theinput parameters in HL7 RIM, sine GLIF uses this RIM for representing linial data.While the Web servies are disovered from the UDDI registry by the Agent Fatory,the OWL-S �les of the Web servies are also retrieved and saved to the speializedguideline de�nition. Using this OWL-S �le, the Guideline Agent heks the semantisof the input/output parameters, and sends a translation request to the Ontology Agentto translate the input messages from the HL7 RIM to the message ontology spei�edin the OWL-S �le. The same proedure is repeated when the output is reeived fromthe Web servie. The Sensor Web servies are also invoked as the Medial Web servie,by ontating with the Ontology Agent to mediate the input and output parameters.
• The Message Ations are used to generate alarm messages within the linial guideline85



An example Distribute Alarm Message request

(request 

  :sender 

    (agent-identifier 

      :name guideline-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name ada-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology  GA-ADA-Ontology 

 :content 

    (action 

      (agent-identifier 

        :name ada-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (distributeAlarmMessage  

      (AlarmMessage-description 

        :patientID  12345678 

        :guidelineID  1654b3de 

        :alarmContent (MessageContent 

              :urgency (concept 

                                   conceptname : Red Alert 

                                    conceptSource:ExampleAlarmOnt 

conceptID :Red) 

               :role (concept 

                                   conceptname : Cardiologist 

                                    conceptSource:SNOMED 

 conceptID :J-0612B) 

                :message « Urgent Catheterization Needed » 

)

       )))  

  :reply-with distributeAlarm Message-1123234) 

Figure 5.18: Example Distribute Alarm Message request messagesexeution. When the �AtionStep Handler� enounters a Message Ation in the taskslist the �MessageAtion Handler� is alled whih immediately onstruts an AlarmMessage by ombining information oming through guideline de�nition and GuidelineAgent properties. Alarm message, healthare roles to whom the message is to be de-livered and alarm urgeny parameters are retrieved from guideline de�nition whereaspatient and guideline IDs are retrieved from Guideline Agent properties. The on-struted alarm messages are transmitted to Alarm Distribution Agent as presented inFigure 5.18.5.5 Alarm Distribution AgentAlarm Distribution Agent is responsible from aurate and puntual delivery of alarm mes-sages to the healthare users. It triggers the distribution of the alarms when it reeives suha request from the Guideline Agent as presented in Figure 5.18.Alarm Distribution Agent employs a role based delivery mehanism, in whih the realresponsible healthare users for a patient-guideline pair are determined based to the rolesindiated by the alarm message. Through a web based interfae, the healthare users an86
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Figure 5.19: The Arhiteture of Alarm Distibution Agent [1℄subsribe to reeive alarm messages related with a spei� patient guideline pair. Alarmmessages are delivered to the users through three di�erent mediums: SMS, GoogleTalkInstant Messaging and seure e-mail. The users an ustomize their preferenes for reeivingalarm messages in di�erent urgenies (medium type, number of deliveries, aknowledgementrequirement, routing option et.) through a web based user interfae. User preferenes arestored as JESS [48℄ rules. An example suh rule is presented in Figure 5.20. Based on theinformation presented in the DistributeAlarm Message, these rules are exeuted in deliverytime and the delivery terms are determined [1℄.(defrule deide-urgeny-Contat1_1_3(userid 1)(assignmentid 1)(urgeny RED)=>(store mediumid 3)(store needak true)(store numberoftry 4)(store waitduration 3)(store mustsend true))Figure 5.20: An example JESS Rule reated by Alarm Distribution Agent87
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An example Subscribe to Monitoring Messages  request

(request 

  :sender 

    (agent-identifier 

      :name monitoring-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc)) 

  :receiver (set 

    (agent-identifier 

      :name guideline-agent@foo.com 

      :addresses (sequence iiop://foo.com/acc))) 

  :protocol FIPA-Request 

  :language FIPA-SL2 

  :ontology  MA-GA-Ontology 

:content

    (action 

      (agent-identifier 

        :name guideline-agent@foo.co 

        :addresses (sequence iiop://foo.com/acc)) 

    (subscribeMonitoringMessages  

      (Assignment-description 

        :patientID  12345678 

        :guidelineID  1654b3de 

       )))  

  :reply-with subscribeMonitoringMessages-1123234) 

Figure 5.22: Example Subsribe Monitoring Messages request messageHandlers� suh as �GetDataAtion or MediallyOrientedAtion Handlers�, prepare their ownmonitoring messages and these are olleted by the �Ation Step Handler� and passed tothe �Guideline Step Handler� as an integrated message. In the following paragraphs, thesemantis of eah monitoring message will be presented:
• Sript Exeution Message: In Eligibility Criteria evaluation phase and Case Step han-dling, sripts need to be exeuted to take appropriate deisions. The liniian has tobe informed about these deisions and their reasons. The funtionality of the �SriptExeution Message� is to inform the liniian about the JavaSripts exeuted and theirresults. �Sript Exeution Message� struture is omposed of the following parts:� Step Name: Step name is a string whih indiates the name of the Guideline Step.Step name enables the user to view, in whih phase the exeution is; furthermoreit transmits the neessary information to the Monitoring GUI to update the statusof the Guideline Steps. If a message is sent in an Eligibility Step, the Step Nameis �Eligibility� by default.� Sript Expression: It is the JavaSript Expression String that has been exeuted.It is the omplete sript as a funtion with parameters and body.� Sript Result: It is the return value of the funtion.� Time Stamp: Every message has a timestamp whih indiates the sending timefrom the Monitoring Agent. The timestamp faility has two funtionalities: to89



inform the healthare user about the times of the ations and to arhive themonitoring messages in the SAPHIRE repository to enable later monitoring ofthe exeution.
• Ation Step Exeution Message: Ation Step has a number of tasks that should beexeuted. For eah of suh task, an information message is prepared and appended toeah other. This appended message onsists of the following parts:� Step Name� Time Stamp� Exeuted Tasks: This part is either a �Web Servie Message� or �EHR Message�or �Alarm Message� as desribed below.
• EHR Message: �EHR Messages� are generated after the �RetrieveEntry Result� mes-sages are reeived from the EHR Agent. Its funtionality is to report the retrievedlinial statement. �EHR Message� ontains the following parts:� Step Name: The name of the GetData Ation Spei�ation Class� Variable: The variable name of the EHR data in the Global Variable Pool of theGuideline Agent. It is retrieved from the variable_name attribute of the GetDataAtion.� Value: The linial statement retrieved from the EHR Agent. Value is an XMLformatted string that orresponds to the PatientData instane of the retrieveddata.� Time Stamp
• Web Servie Message: The �Web Servie message� is sent to the user before and afterinvoking a Web servie in a Medially Oriented Ation. The viewer is informed aboutthe Web servie alled and its response. The struture of the message is as follows:� Step Name: The name of the Medially Oriented Ation Spei�ation Class� Web Servie Name� Input: The input parameter whih is used to invoke the Web servie. It is anXML formatted string that orresponds to the PatientData instane� Output: The out parameter whih is reeived as a response the invoked theWeb servie. It is an XML formatted string that orresponds to the PatientDatainstane 90



� Time Stamp
• Alarm Message: �Alarm Messages� are sent to the user after a Message Ation taskis exeuted and an Alarm Message is sent to the Alarm Distribution Agent. In thismessage the alarm message ontent and its attributes are presented to the user asfollows:� Step Name: The name of the Message Ation Class� Roles: The Healthare roles to whom this message should be sent� Alarm Message ontent as a string� Alarm Urgeny� Time StampApart from these, the �Guideline Step Handler� send a �Step Status Message� afterguideline exeution proess enters or exits one of the Guideline Steps. The Step StatusMessage is omposed of three parts:
• Step Name
• Step Status: Step Status �eld denotes the latest status of the steps:� RUNNING denotes that the guideline started exeution of the step but has notompleted yet� ABORTED denotes the exeution of the step has aborted unexpetedly� COMMITTED denotes suessfully ompleted Guideline Steps.
• Time StampMonitoring Agent presents a graphial user interfae to the healthare users for mon-itoring the exeution of the linial guidelines. Through the Monitoring Agent Interfae,healthare users an start/stop and monitor the exeution of linial guidelines by interat-ing with the Guideline Agent. Guideline exeution is monitored on a user friendly interfaewhih is omposed of three parts as presented in Figure 5.23. The main part of the interfaedepits the �owhart of the linial guideline model, whereas the others are for presenting abrief history of exeuting guideline steps and the legend of the �owhart.Guideline exeution an be traed on the �owhart model. The status of the guidelinesteps (ommitted/ongoing/not visited) are identi�ed with di�erent olors. User an lik91



Figure 5.23: The Graphial Interfae of the Monitoring Agenton the steps to get detailed information about the step. In the detailed information sreen,user an view the tasks, retrieved patient data (sensor, EHR et.) and the invoked medialservies within these tasks as presented in Figure 5.24.Whenever requested, the �owhart of previously exeuted guidelines an also be moni-tored. For this purpose, the Guideline Agent stores all of the Monitoring Messages sent toMonitoring Agent also to the SAPHIRE Repository. Whenever neessary, the MonitoringAgent retrieves these messages from the SAPHIRE Repository and presents in the Moni-toring GUI. Apart from these, an important outome of the Monitoring Agent is the visualmodel that it provides for linial guidelines. This visual �ow-hart model an be utilized asan eduative medium in training healthare professionals.
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Figure 5Figure 5.24: The Guideline History Window of Monitoring Agent
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CHAPTER 6A CASE STUDY IN THE ACUTETREATMENT OF MYOCARDIALINFARCTION
In this hapter, we present a ase study where we de�ne a linial guideline model for themanagement of aute myoardial infartion in our semantially extended model.This ase study is one of the pilot appliations of SAPHIRE projet whih is urrentlybeing developed for the Emergeny Hospital of Buharest (SCUB). This pilot appliationaims to demonstrate that the SAPHIRE system an provide bedside intelligent monitoringof patients with subaute oronary syndromes in a wireless fashion to provide omputer-generated linial deision in aordane to the latest European Cardiology Guidelines. Inthis pilot appliation, the guideline exeution environment provides ontinuous feedbak tothe physiians that is patient-spei� and guideline-oriented, to provide optimized medialare in aordane with medial standards.In our pilot appliation we are using the �Management of aute myoardial infartion inpatients presenting with ST-segment elevation� guideline de�ned by the European Soietyof Cardiology [101℄. It should be noted that the patients with aute myoardial infartionon admission is not our target population. We are addressing patients who are in subautephase who an still have aute Myoardial Infartion during hospital stay.A very brief overview of the guideline is presented in Figure 6.1. The guideline doumentis examined and omprehended by our medial dotor olleagues in SAPHIRE projet, whothen provided us the �owharts as presented in Figure 6.1. Then we modelled these �owhartsin the semantially extended GLIF Model that we propose.The guideline is triggered by a sensor alarm indiating �Persistent ST Elevation1 and/or1ST-segment elevation is usually assoiated with looming infartion, but an also be due to periarditis94
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Figure 6.2: The Flowhart of �FirstLine Mediation�The triggering onditions initiating �First Line Mediation� are modelled as �Eligibility-Criteria� as presented in Figure 6.3. When suh sensor alarms are �red, the steps in the�Algorithm� are initiated. The �rst item in the �Algorithm� is the �First Line Mediation�steps. To be able to model the treatment options for �First Line Mediation� (�ow of whihis detailed in Figure 6.2 ) a �Branh Step� is reated. Four �Case Steps� to represent eahtreatment option are reated and bound to this �Branh Step�. This graph model onformingto extended GLIF model is presented in Figure 6.3.In Figure 6.3 the �Morphine Treatment� �Case Step� is detailed. As presented in the�gure, eah �Case Step� may have a number of options, eah of whih are instanes of�Deision Options�. Eah �Deision Option� has a �Case Condition� whih is an instane of�Criterion� and a �Case Destination� whih is an instane of �Ation Step�. In the �Criterion�,the �Expression� to be evaluated to deide whether this option will be followed is de�ned. Itis also possible to add a number of �GetData Ations� and �MediallyOrientedAtions� thatwill be exeuted before evaluating the �Expression� in order to ollet the data neessary todeide whether this �Case Step� is followed or not. For example, in order to deide whetherit is appropriate to provide �Morphine� to the patient, it should be known that whetherthis patient has previously experiened angina or anxiety, whether asthma or bronhialspasm are medial problems he has previously enountered in his/her medial history, thestage of his/her heart problem ondition (Killip Class) and his/her urrent blood pressure.Some of these data should be retrieved from patient's medial history, (GetAnginaStatus,96
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medial history related with �asthma�, another �GetData Ation� instane is reated as pre-sented in Figure 6.5. Here as the range of the dataSoureType property, an �EHREntity�instane (asthmaEHREntity) is reated. The entrySemantis property of the asthmaEHREn-tity instane is set to be the pastMedialHistoryConept �Conept� instane. This will guidethe guideline deployment engine, i.e. the Agent Fatory Agent in our arhiteture, to lo-ate the Eletroni Healthare Reords of the patient, that ontain a setion related with�Past Medial History�. The entrySemantis property of asthmaEHREntity instane is onthe other hand seleted to be the asthmaConept �Conept� instane. Here in the �Conept�instane the semantis of the entry to be loated is represented through referening the�J45� node in ICD-10 medial terminology. This indiates that, one the EHR that ontaina �Past Medial History� setion is loated, the �EHR Agent� should look for the relatedentry presenting previous observations asthma in the EHR doument. The other �GetDataAtion� and �MediallyOriented Ation� instanes instanes are reated similarly to retrievethe required information either from Sensor devies, or EHR douments.In our arhiteture the �Expressions� are de�ned as Java Sripts. The �Expression� for�Morphine Treatment� Case Step is de�ned in Figure 6.6.
function morphineTreatmentDeisionCriterion(SystoliBP, AsthmaStatus,BronhialSpasmStatus, KillipClass, AnginaStatus, AnxietyStatus){

if (!((SystoliBP.getValue().getIndex() < 100) ||(AsthmaStatus.getValue().getText()=="true") ||(BronhialSpasmStatus.getValue().getText() == "true" ) ||(KillipClass.getValue().getIndex() > 3)) &&((AnginaStatus.getValue().getText()=="true" ) ||(AnxietyStatus.getValue().getText()=="true" )))return true;else return false;} Figure 6.6: The Sript used in Morphine Treatment Deision OptionAs a �Case Destination� of the �MorphineTreatment� Case Step`s only option (Figure 6.3),99
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In the third option of the Evaluate EHR and Sensor Data Case step, the guideline hekswhether it is neessary to apply an invasive reperfusion therapy. However to deide thetype of the invasive reperfusion therapy (i.e. that is whether to perform a PTCA operation(Perutaneous transluminal oronary angioplasty), or to perform CAGB operation (Coronaryartery by-pass graft)), the type of the �Vessel Disease� the patient is su�ering from shouldbe known. It is only possible to know the ondition of the vessels through a �CoronaryAngiograpgy� diagnosti operation. Hene as the ase destination of Invasive ReperfusionTherapy �Deision Option�, a �Medially Oriented Ation� whih desribes a proedure forordering a Coronary Angiography operation to the neessary department of the hospital isspei�ed. A detailed presentation of how this �Medially Oriented Ation� an be representedin the extended GLIF model as presented in Figure 6.9.
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be a �Conept� lass representing a node in the Servie Funtionality Ontology that we havereated. In this way, the guideline deployer, the Agent Fatory Agent in our ase will beable to loate the required servie of the hospital from a servie registry for ordering anCoronary Angiography operation in the hospital worklist. When this Web servie is foundand invoked in the guideline exeution phase, the output of the Web servie should be setto a variable in the guideline de�nition, so that the type of the vessel disease that the patientis su�ering from an be exploited to deide the type of the invasive reperfusion theraphy tobe applied to the patient. As presented in Figure 6.9, the output of the orderCoronaryAn-giographyMedialAtionEntity is set to be the oronaryAnatomy �Data Item�. The dataValueof this �Data Item� is a sublass of �HL7 Referene Information Model�, the �Observation�lass. In this oronaryArtery �Observation� instane, the semantis is de�ned through theservieCD property, whih is set to a �Conept� representing a node in UMLS ontology.
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CHAPTER 7RELATED WORK
7.1 Clinial Pratie Guideline Representation Formalisms andExeution Environments based on these FormalismsIn this setion a brief overview of omputer interpretable linial guideline representationformalisms, and the guideline exeution arhitetures built based on these formalisms willbe presented. While analyzing these formalisms espeially their support for formalizing theinterfaes with the underlying medial information system funtionalities and EletroniHealthare Reord systems will be surveyed and ompared with the ontribution of thisthesis.7.1.1 Arden SyntaxArden Syntax [71℄ is ited as one of the best-known language for representing linial knowl-edge needed to reate patient-spei� deision-support systems. It is a rule-based formalismthat enodes medial knowledge in knowledge base form as Medial Logi Modules (MLMs).An MLM is a hybrid representation formalism between a prodution rule (i.e. an "if-then"rule) and a proedural formalism. Eah MLM is invoked as if it is a single-step "if-then" rule,but then it exeutes serially as a sequene of instrutions, inluding queries, alulations,logi statements and write statements.Arden was developed for embedding MLMs into proprietary linial information systems.It was designed to support linial deision making, eah MLM ontains su�ient logi tomake a single medial deision. Sequening tasks an be modelled by haining a sequeneof MLMs. MLMs have been used to generate linial alerts and reminders, interpretations,diagnoses, sreening for linial researh studies, quality assurane funtions, and adminis-trative support. 104



With an appropriate omputer program (known as an event monitor), MLMs run au-tomatially, generating advie where and when it is needed, e.g. to warn when a patientdevelops new or worsening kidney failure.One of the de�ienies of the Arden Syntax that it does not provide full support foroneptualizing a multi-step guideline that unfolds over time [72℄. It has been presentedthat the Task Network Model (TNM) approah has arisen in response to this problem. TNMlanguages typially provide modeling primitives spei�ally designed for the representationof omplex, multi-step linial guidelines, and for desribing temporal and other relationshipsbetween omponent tasks. Unlike rule - based systems, alternative pathways or sequenesof tasks (i.e., ontrol �ow) an be expliitly modeled, and tools for the visual representationof plans and the organization of tasks within them are provided.In Arden syntax the referenes to linial data is represented in urly braes in MLMs.This is beause, these data referenes must be adapted to the loal institution in order touse the loal linial repository. When a linial guideline model is to be deployed to a loalinstitution, these referenes in urly braes are mapped to the data model of the loal linialrepository. After Arden, this loalization problem of deploying guideline models is usuallyited as �Curly Braes Problem" in the literature.7.1.2 Asbru ModelAsbru is a ollaboratively e�ort of Ben Gurion University and the Vienna University ofTehnology within the sope of Asgaard projet [2℄. In Asbru formalism, linial guidelinesare viewed as generi skeletal-plan shemata that represent linial proedural knowledgeand that are instantiated and re�ned dynamially by are providers over signi�ant timeperiods. As a re�etion of this idea, Asbru is designed a task-spei� and intention-based planrepresentation language to embody linial guidelines and protools as time-oriented skeletalplans. Skeletal plans provide a powerful way to reuse existing domain-spei� proeduralknowledge, while leaving room for exeution-time �exibility to ahieve partiular goals [84℄.The skeletal plans have been enrihed by adding plan attributes suh as intentions, onditionsand e�ets; adding formalisms to support rih set of ordering plans; and de�ning temporaldimension of states and plans [2℄:
• Arguments are values passed from the invoking or alling plan (alled parent) to theinvoked or alled plan (alled hild).
• Preferenes desribe the osts, resoure onstraints, and responsible ator.105



• Intentions are high-level goals of the plan - an annotation spei�ed by the designerindependently of the plan body. Intentions are represented by temporal patterns ofations and states that should be maintained, ahieved or avoided.
• Conditions mediate the hanges between plan states. Eah plan is initially onsidered.After the �lter preondition is ful�lled, it beomes ativated. When it is ativated andthe omplete ondition is ful�lled, the plan is ompleted. When in the same situationthe abort ondition is ful�lled �rst, the plan beomes aborted.
• E�ets desribe the relationship between plan arguments and measurable parametersby means of mathematial funtions or in a qualitative way. A probability of ourrenean be denoted.
• The plan body ontains set of plans to be exeuted in a partiular way. Four di�erenttypes of plans are available: in sequene, in parallel, in any-order, and unordered. Thedi�erene between any-order and unordered is that for any-order only one hild planmay be ative at a time while for unordered there is not any restrition.7.1.3 GUIDEGUIDE is part of a guideline modeling and exeution framework being developed at the Uni-versity of Pavia. One of the important properties of GUIDE and its re-engineered exeutionenvironment NewGuide, is that it is a omponent-based multi-level arhiteture designed tointegrate a formalized model of the medial knowledge ontained in linial guidelines andprotools with both work�ow management systems and Eletroni Patient Reord tehnolo-gies. It proposes an arhiteture that aims to integrate:
• Guideline Management System (GlMS) (providing linial deision support)
• Eletroni Patient Reord (EPR)
• Care�ow Management System (CfMS) (providing organisational support).The arhiteture proposed by NewGuide is presented in Figure 7.1. After the guidelineis formalized through an editor it is stored to a guideline repository to be shared with otherorganizations. Then a healthare organization that aim to run a guideline in its environmentselets a guideline from the repository. The �nal user invokes the inferene engine and reatesan instane of the GL for the management of an individual patient. This requires data froma Virtual Medial Reord (VMR). VMR is the NewGuide middle layer that stores every106
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Figure 7.1: The Arhiteture proposed in GUIDE [11℄

Figure 7.2: The Arhiteture of the Interene Engineproposed in GUIDE [11℄kind of patient information either aquired through a legay system (HIS) or entered by theGuideline user. Eah inferene engine step implies both produing reommendations, suh asa drug presriptions or laboratory tests, and updating a logs database. The latter ontainsare proess information suh as progress status of eah GL task with relative time stamps.In other words, the VMR and Logs database is the interfae of the Guideline ManagementSystem with Care�ow Management System. In the arhiteture, the ommuniation betweenNewGuide and the external world is managed by the message manager, whih delegatesrequests and responses to the web user interfae or to a SOAP interfae on the basis of thesystem on�guration as presented in Figure 7.2.
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7.1.4 PROformaPROforma was developed at Caner Researh UK for the general purpose of building deisionsupport and intelligent agents. The tehnology inludes the PROforma language, whih isa formal knowledge representation language apable of apturing the struture and ontentof a linial guideline in a form that an be interpreted by a omputer [90℄. The languageforms the basis of a method and a tehnology for developing and publishing exeutablelinial guidelines. In PROforma, a guideline appliation is modelled as a set of tasks anddata items. The notion of a task is entral - the PROforma task model divides from thekeystone (generi task) into four types: plans, deisions, ations and enquiries:
• Plans are the basi building bloks of a guideline and may ontain any number of tasksof any type, inluding other plans.
• Deisions are taken at points where options are presented, e.g. whether to treat apatient or arry out further investigations.
• Ations are typially linial proedures (suh as the administration of an injetion)whih need to be arried out.
• Enquiries are typially requests for further information or data, required before theguideline an proeed.PROforma software onsists of a graphial editor to support the authoring proess, andan engine to exeute the guideline spei�ation. The engine an also be used as a testerduring the appliation development phase. Tallis is one of suh software whih is a Javaimplementation of PROforma-based authoring and exeution tools developed by CanerResearh UK. Tallis is based on a later version of the PROforma language model. It onsistsof a Composer (to support reation, editing, and graphial visualisation of guidelines), Testerand Engine (to enat guidelines and allow them to be manipulated by other appliations).7.1.5 GLEEGLIF Guideline Exeution Engine (GLEE) [100℄ is developed as a tool for exeuting guide-lines enoded in the GLIF format [29℄. It is built as middleware that is intended to beintegrated with the linial information system at a loal institution through de�ned inter-faes to its eletroni medial reords (EMRs) and linial appliations. GLEE providesinterfaes intended to support integration with the host linial information system at a108



Figure 7.3: The internal struture of GLEE and its interations with a loal environment[100℄loal institution. These interfaes are used to link GLEE to a loal EMR at the bak-endand assoiated linial appliations (e.g., a physiian order-entry system) at the front-end.The ommuniation between GLEE and the EMR at the bak-end enables GLEE's aess tovarious resoures in the loal environment, suh as retrieval of patient data and monitoringof linial events in ase the loal institution needs to trigger a guideline through spei�linial events. The ommuniation between GLEE and assoiated linial appliations atthe front-end is intended to enable smooth integration of the deision support servies pro-vided by GLEE, suh as alerts and reminders, within a liniian's work�ow. In other words,GLEE de�nes the business logi of a guideline appliation, the loal EMR will provide data,and the assoiated linial appliation will support the interations between users and aguideline implementation system. The overall system arhiteture is shown in Figure 7.3.GLEE's omponents an be lassi�ed into three oneptual layers: (1) the GLIF guide-line representation model, (2) the ore omponents of GLEE, and (3) the interfaes to ahost linial information system. The GLIF guideline representation model spei�es a setof generi funtions, suh as reommendations for spei� linial ations and assistane in109



medial deision-making, whih should be supported by any tool exeuting guidelines en-oded in the GLIF format. The ore omponents of GLEE, as an exeution environmentfor GLIF, de�ne an exeution model to realize the generi funtions that are required bythe GLIF representation model. The interfaes to a host linial information system re�etGLEE's assumptions on the interations between GLEE and its host environment duringguideline exeution. In the GLEE arhiteture, the system interfae between the GLEEserver and a host linial information system is maintained at the bak-end based on theseassumptions.GLEE believes that for guidelines to be shared aross di�erent institutions, a standarddata enoding system and a generi patient data model are two prerequisites. This standarddata enoding system plus a generi patient data model will enable referenes to patientdata in an enoded guideline suh as in a spei�ation of deision riteria without the needto know the implementation details. It is believed that one suh a standard data modelexists, at a loal institution, the standard de�nition of patient data are then mapped tothe implementation- spei� data shema and aess methods of the loal EMR. GLEE'simplementation is based on this assumption, and it is assumed that using the patient datarequired by GLEE during guideline exeution an then be retrieved from the loal linialdata repository where linial data is stored in this standard data model. GLEE itself aeptsthat it has not yet solved the urly braes problem whih refers to the hindrane of medialknowledge sharing aused by inompatible approahes to patient data representation.Registration of linial events and noti�ation of linial ations are implemented inGLEE using a similar approah, through a standard ontrolled terminology orrespondingto the events or the linial ations that will enable the ommuniation between GLEE andthe loal environment.Finally it has been stated that wide aeptane of a guideline system in linial pratiedepends on the development of a widely-aepted standard patient-data model and the in-depth understanding of loal adaptation of guidelines. These issues are not addressed inGLEE but it helped to de�ne the hallenges for the future.7.1.6 GLAREGLARE is a domain-independent system for aquiring, representing and exeuting linialguidelines [91℄. The system is based on a modular arhiteture, whih inludes an aquisitiontool and an exeution tool. The aquisition tool is used when a guideline is introdued inthe system, e.g., by a ommittee of expert, and the exeution tool is used when a guideline110



Figure 7.4: The GLARE's three layered arhiteture [92℄is applied by physiians to a spei� situation.The GLARE representation language is designed to ahieve a balane between expres-siveness and omplexity. The formalism onsists of a limited, but very foused and learlyunderstandable set of primitives. It is made up of di�erent types of ations: plans (i.e. om-posite ations, hierarhially deomposable in their sub-ations) and atomi ations. Atomiations an be queries, deisions, work ations and onlusions. All ations are linked byontrol relations (e.g. sequene, alternative, repetition), de�ning their order of exeution.The arhiteture is based on three layers as presented in Figure 7.4: The System Layerontains the two modules alled aquisition and exeution; The DBMS Layer ontains severaldatabases with all data required for both reate and exeute guidelines. There is storeddata about available resoures, terminology used in guidelines, information about drugs,information about all open instanes of guidelines, a repository of guidelines, and a patient'smedial reord. Finally The XML Layer allows to represent/manage/exhange data betweenDBMS layer and System Layer in a strutured way.7.1.7 SAGE: Standards-Based Sharable Ative Guideline EnvironmentThe SAGE (Standards-Based Sharable Ative Guideline Environment) [94℄ projet is a ol-laborative researh and development projet among researh groups at IDX Systems Corpo-ration, the University of Nebraska Medial Center, Mayo Clini-Rohester, IntermountainHealth Care, Apelon, In., and Stanford University to develop a standards-based ompre-hensive tehnology infrastruture that will enable enoding and dissemination of omputable111
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its data models, terminologies, and organization assumptions (roles, events, and resoures)must be mapped to those of the loal institution by the medial sta� (the binding proess).The semantis represented in the guideline model is presented to the medial sta�, whoshould manually hoose and bind the most appropriate linial work�ow interfaes to the�ation types" de�ned in the guideline de�nition in order to be able to interat the guidelineexeution environment. SAGE assumes a set of standard vMR/Ation Servie Interfaes willbe set by standard bodies [77℄, and linial information systems will be using these standardmessages, vMR interfaes to interat with guideline exeution systems.7.1.8 An Analysis of the support of the Available Clinial Guideline Rep-resentation and Exeution Arhitetures for the interfaes withEHRs and Clinial Work�ows and Disussion of How this thesisomplements these e�ortsThe di�ulty of deploying guideline implementations to healthare institutes has been ad-dressed in the literature where ahieving interoperability with the underlying systems ishighlighted as the key hallenge.Some linial guideline exeution engines suh as GLEE [100℄ expet the loal medialinstitutes to store their data in a entralized repository onforming to the guideline datamodel. However onverting patient data to the model supported by the guideline and storingit in a entralized repository are not pratial approahes.In some other guideline models suh as PROFORMA [90℄, ASBRU [84℄ and GUIDE [11℄,the relational database tables are used to store the mappings between the guideline modelentities and the �olumns of the database tables" where the patient data is atually stored.For example in [72℄, and example table that aims to store mapping guideline data items toEMRs in the GUIDE model is presented (Figure 7.6). The desription olumn gives thename of the data item that guidelines use (Guidelines olumn). The three other olumns arerelated to the EMR; ode is a unique ode for that attribute. If possible, it is the SNOMEDode. Datatype is the data type of the attribute, and tablename is the name of the EMRtable where the attribute value is stored.In EON [93℄, ProDIGY [49℄ and SAGE [94℄, the availability of �Virtual Medial Reord"(vMR) [50℄ onept is assumed. A vMR is a onept that is laimed to support (1) astrutured data model for representing information related to individual patients (2) domainsfor values of attributes in the data model and (3) queries through whih guideline deision113



Guideline_Outputs

Code Description Table name Data Type Guidelines

111 Patient_id Patient_anagraphic Number GERD

112 Pregnancy Patient_table2 Boolean GERDFigure 7.6: An example table that maps the patient data stored in institutional databasesto the data model used in GLARE [72℄support system an test the states of the patient. It is assumed that vMRs allows guidelineauthors to enode linial guidelines in a standard way, and the linial information systemdevelopers to aept this standard to ommuniate with the systems that exeute linialguidelines. The HL7 Clinial Deision Support Tehnial Committee is undertaking the taskof developing a virtual medial reord that transforms HL7 RIM [37℄ to a view of patientdata that an be utilized by deision support systems sine year 2001, however no standardmodel has been agreed upon yet.EON [93℄, ProDIGY [49℄ and SAGE [94℄ assumes that the mapping of loal EHR to thevMR is failitated. For example, in SAGE [94℄ whih addresses the integration of guideline-based deision support systems with the work�ow of are proess, a guideline is enodedusing the Virtual Medial Reord. As in GLIF, the linial onepts are de�ned throughreferening linial terminologies suh as SNOMED CT where omplex onepts are de�nedas boolean ombinations of existing terms. The guideline itself is de�ned as an ativity graphreferring to the vMR instanes.It is lear that, these approahes either propose hard oded solutions to the problemlike manual deployment proedures to map database tables to variables, or a single ommonmodel is assumed to solve the problem. However, even when suh a ommon model is �nallyagreed upon, the loal adaptations of this model are very likely. In other words, even whenthe vision of vMR is ahieved, it is very likely that there will be more than one vMR thatthe linial guideline exeution engine should be able to handle due to loal adaptations.Our work omplements these e�orts as follows:
• The extended GLIF Model that we propose aims to failitate guideline deploymentthrough semanti mediation rather than hard oding the underlying systems to theguideline, or assuming a entral repository that provides all the data in the formatneeded by the guideline. 114



None of the previous approahes addresses automati or semi-automati deploymentof linial guidelines. We desribe both the semantis of the guideline steps aessingexternal resoures and the semantis of the interfaes of the underlying appliations.Our work omplements these e�ort suh that we failitate the semanti mathing pro-ess by de�ning both the mahine proessable semantis of the guideline interfaes andthe underlying linial appliations. When di�erent standards, or proprietary formatsare used for representing and aessing data, we provide the ability of mapping thelinial ontent from one standard to the other.
• We desribe the semantis of the ations that will interat with Clinial InformationSystem servies through a Servie Funtionality Ontology. This ontology is easilyextensible, and also semanti mediation is possible when di�erent ontologies are usedto represent linial servies and the ations in the guideline de�nitions. Additionallywe failitate a semi-automati semanti mathing, disovering and binding proessbased on the this mahine proessable semantis of the guideline interfaes and theunderlying linial appliations.
• When di�erent message shemas are used by linial information systems and guidelineexeution systems, we support a semanti mediation mehanism.7.2 HeCase2: Agent Based Management of Clinial Guide-linesOne of the important works that uses a multi-agent system for the exeution of linialpratie guidelines is HeCase2 System [44℄. It proposes an agent-based system, where ClinialPratie Guidelines are automatially inorporated into the work�ow of dotors and hospitalservies. The system works on top of HeCase system [43℄. The system allows the dotors tobe reminded about the steps that should be followed in the treatment of a ertain disease,and in this way it redues the possibility of making errors or forgetting tasks to be done. Inaddition to this, agents representing patients, dotors and hospital servies an automatiallyoordinate their ativities to provide a fast are (e.g. they an arrange the dates for di�erenttests to be performed on the patient easily, without the patient having to visit personallydi�erent units of the hospital to arrange those tests).The multi-agent system proposed is outlined in Figure 7.7. This multi-agent system mapsdi�erent entities in a healthare organization (e.g. medial entres, departments, servies,115



Figure 7.7: The Multi-agent System proposed by HeCase2 [42℄dotors, patients) as agents with di�erent roles.The funtionalities of di�erent agents an be summarized as follows:
• The users interats with the system through User Agents (UA). These agents storesstati data related to the user (e.g. national healthare number, name, address, aessinformation -login, password, and keys-) and dynami data (the timetable and thepreferenes of the user).
• The Broker Agent (BA) is an agent that knows about all the medial entres loatedin a ertain area.
• A Medial Centre Agent (MCA) entralises and monitors the outsiders aesses to theagents that manage the information of a medial entre.
• The departments of Medial Centres are represented by Department Agents (DAs).
• Servie Agents (SAs) represent a set of general servies linked to human or physialresoures (e.g. a blood test servie).
• Eah department has a sta� of several dotors, modelled through Dotor Agents(DRAs), and o�ers more spei� servies, also modelled as SAs (e.g., a nurse that116



an take di�erent observations in situ). Both MCAs and DAs are aware of the serviesthey an provide (when a SA enters the system, it sends a message detailing its serviesto the assoiated MCA or DA).
• Eah department ontains a Guideline Agent (GA) that performs all ations involvedwith guidelines (e.g. it an retrieve the CPG assoiated to a spei� illness). Theguidelines are represented in PROforma language [90℄.
• Eah department also ontains an Ontology Agent (OA) that provides aess to thedesigned medial ontology and omplements the information provided by the GA.
• Medial Reord Agent (MRA) ontrols the aess to a database that stores all medialreords of the patients of the medial entre.A linial pratie guideline is exeuted by this multi agent system as follows:
• When the dotor diagnoses that the patient has a ertain disease, its assoiated DRArequests from GA the assoiated guideline and it starts to exeute it.
• The DRA has a partial knowledge of the system and it does not know all the agents orits responsibilities. The OA is intended to provide that information. Conretely, whihagents perform a task or who is the responsible of a required parameter ontained in anenquiry. One the required soure/agent/servie has been identi�ed, the DRA knowsexatly where it an be found.
• The DRA aesses the PHR through the MRA to look for the required parameters.
• Sometimes an ation has to be performed on the patient, or the guideline needs datathat is not inluded in the Healthare Reord (e.g. the level of gluose in blood, whihan be known with a blood analysis). In these ases, the DRA has to ontat with theappropriate SA (it is known by way of the OA) whih performs the required ation,from the same medial entre or another medial entre.
• The BA allows to exhange information between di�erent medial entres and the UA.In HeCase2, a medial ontology is de�ned whih desribes all the relations establishedin the multi-agent system assoiated to a healthare organisation. It has three main groupsof onepts: organisational information of agents, all possible semanti types (entities andevents) of the used onepts, and a set of medial onepts related to the linial guidelines.The ontology agent manages this ontology, and supports the exeution of the linial pratieguideline by providing domain knowledge. 117



7.2.1 How this thesis omplements HeCase2The arhiteture desribed in this thesis omplements HeCaSe2 arhiteture in the followingaspets:
• In our arhiteture, the guideline de�nition is semantially extended so that semi-automati deployment an be feasible. HeCase2 arhiteture does not address how alinial guideline is deployed to a healthare setting.
• Our arhiteture enables to retrieve patient reords from disparate information souresnot only from a database within the institute as proposed in HeCase2. This is ahievedby exploiting an industry initiative, namely, IHE XDS.
• In our arhiteture healthare servies are exposed as Web servies and we show thatthe semanti interoperability problem of guideline automation for aessing disparatelinial work�ows an be handled through semantially enrihed Web servies. Webservies have already started to be used in the Healthare Industry as a solution totehnial interoperability problem. In HeCase2 arhiteture it has been assumed thateah healthare institute has a Servie Agent, whih enables ommuniation with theunderlying medial information system. In our arhiteture the multiagent system isloosely oupled with the underlying systems of healthare institutes. We assumed thatthe healthare institutes use healthare industry standards to ommuniate with Clin-ial guideline exeution systems. The multi agent system in our arhiteture an beeasily deployed on top of a regular healthare institute's information system infrastru-ture. However in HeCase2 all the internal appliations are modelled as agents, whihmay not be pratially easy to deploy. It needs every other healthare institute to bere-designed in terms of a multi-agent system, whih may not be pratial in real lifeases.
• In our arhiteture, the guideline de�nition as well as the various healthare institutesmay use di�erent referene information models and EHR standards for representingthe linial information about a patient. These are resolved through the semantimediation apabilities of our Ontology Agent. The Ontology Agent used in HeCase2arhiteture serves a medial ontology, does not failitate semanti mediation.
• In our arhiteture, it is possible to aess and proess not only Eletroni Healtharereords but also the vital signs oming from sensor devies.118



CHAPTER 8CONCLUSIONS
TheWorld is faing the hallenge of delivering high-quality healthare at a�ordable ost whilethe greying population ontinues to grow at an inreasing pae. Due to aging population,hroni diseases and their management osts are also on the rise. In parallel with these, theload of medial pratitioners ontinues to inrease. Intelligent healthare monitoring systemssupported with linial deision support systems are seen as promising tools to address thisproblem.Clinial deision support systems are in need of formally expressed domain knowledge,and in healthare domain, the domain knowledge in linial pratie is usually represented aslinial guidelines whih provide evidene-based diagnosti and therapeuti guidelines givena ertain linial ondition. Clinial guideline aim to redue inter-pratie variations andost of the medial servies, improve the quality of are [24℄. A variety of government andprofessional organizations are produing and disseminating linial guidelines [97, 8, 14, 61,46, 12℄ for this purpose in the form of narrative douments aompanied by �owharts.In order to inrease sharability and understandability of these narrative guidelines, severaldi�erent omputer interpretable modeling mehanisms have been proposed suh as GLIF[29℄, ASBRU [84℄, PROforma [90℄, ARDEN [71℄ and EON [93℄. Based on these a number ofdi�erent linial deision support systems have been built proessing these models, suh asGLEE [100℄, GLARE [91℄, NewGuide [11℄ and DeGel [85℄ demonstrating that the guidelinede�nitions an be exeuted to automate the deision making proess.Although linial deision support systems based on linial guidelines are seem to bepromising supportive tools for medial pratitioners, there are some ritial hallenges thatshould be addressed to ahieve wide adoption of suh tools. First of all the linial guidelineexeution environments need to seamlessly aess the medial histories of the patients sothat personalized guidane for a spei� patient rather than text book solutions an be119



provided to the medial pratitioners. In addition to this, these linial deision supportsystems need to seamlessly interat with the underlying linial work�ow appliations sothat the suggestions of the linial guidelines an be re�eted as linial work�ow ations.The interoperability hallenges of interating with diverse linial work�ow systems andEletroni Healthare Reord systems are usually ited as one of the important reasonswhy linial guidelines failed to be adopted widely [25, 86℄. For this reason the availablelinial guideline models aimed to reate a �sharable� models rather than �diretly� deployableones, and available linial guideline exeution engines address the automation in a singlehomogeneous healthare institute and they are either built on top of an already availablelinial information system as an integrated add-on feature, or require ustom adaptationphases to ommuniate with linial appliations.In this thesis we propose a semantially enrihed linial guideline representation for-malism to address this problem. This model is a deployment-driven model that enablesthe spei�ation of enough level of semantis of the interfaes of the linial guideline rep-resentation model to the underlying linial appliations and Eletroni Healthare Reord(EHR) systems [53, 54℄. These semanti enrihments are based on widely adopted industryinitiatives in healthare domain. For this purpose we have surveyed the available EletroniHealthare Reord standards[21℄, and based the semanti enrihments on these widely a-epted standards. Through this semanti model we believe that we provide a solution forthe �urly-braes� problem ited in the linial guideline literature, whih is the problem ofmanual loalization and deployment of linial guidelines to healthare settings.On top of this semantially enrihed linial guideline model, we have addressed the se-manti enrihment of the underlying linial appliations so that semi-automati deploymentof linial guidelines an be made possible. We desribed how the semantis of EletroniHealthare Reords systems and Clinial Work�ows an be annotated based on widely a-epted healthare standards, and how this semantis an be exploited to failitate semi-automati deployment and automati exeution of linial guidelines: We presented howsemantially enrihed Web servies [18℄ and IHE-XDS arhiteture [17℄ an be exploitedfor the semanti enrihment of the underlying linial appliations. We demonstrate thatit beomes possible to exploit semanti mediation mehanisms (suh as ontology mappingtools [6℄ and terminology servers) to disover and exploit the linial resoures in guidelinedeployment and exeution phases, one mahine proessable semantis of both linial guide-line interfaes and also the linial appliations are made available. Sine the deploymentand exeution environment is highly distributed and heterogeneous, we have designed and120



implemented a multi-agent system to oordinate the deployment and exeution of linialguidelines [55℄. The system is omposed of di�erent agents that an be dynamially instan-tiated whenever neessary, that an reatively interat with the other entities, and that anabstrat the omplexity of their roles from the other agents.The implementation of this thesis is being deployed in real life linial settings in theEmergeny Hospital of Buharest, for the management of patients with aute myoardialinfartion [62, 19℄. This deployment aims to inrease adherene to the guidelines, heneprovide standardization to are proesses, to redue osts of are with optimal bene�t forthe patient and dotor, to redue human error in hospital events/ompliations and �nallyto provide a feedbak system for medial sta� in training.Clinial guidelines usually address a single phase in the patients' treatment, suh assreening, diagnosis or rehabilitation. The hallange of aging population all over the Worldan be better addressed by long term are rather than aute are where the itizens take amore informed role in his lifestyle management rather than hospital entered treatments. Asa future work, we plan to build an Adaptive Care Planner whih aims to ensure ontinuity andoordination of are between the nursing are, primary, seondary healthare and homearebased on the results of this thesis. The Adaptive Care Planner will be based on are pathwaysand will use linial guidelines as building bloks to de�ne the medial proesses for diagnosis,ure, are and monitoring. The ontrol �ow of the whole proess will be based on the itizen'sontext suh as vital signs, behavioral patterns gathred through environmental sensors, andhis eletroni healthare reords.
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APPENDIX ATHE EXTENDED GLIF MODEL
<?xml version="1.0"?><!DOCTYPE uridef[<!ENTITY glifModel "http://www.owl-ontologies.om/GLIF3_5.owl">℄><rdf:RDFxmlns="http://www.owl-ontologies.om/Ontology1210275825.owl#"xmlns:protege="http://protege.stanford.edu/plugins/owl/protege#"xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"xmlns:xsd="http://www.w3.org/2001/XMLShema#"xmlns:rdfs="http://www.w3.org/2000/01/rdf-shema#"xmlns:owl="http://www.w3.org/2002/07/owl#"xmlns:glifModel="&glifModel;#"xml:base="http://www.owl-ontologies.omExtendedGLIF.owl"><owl:Ontology rdf:about=""><owl:imports rdf:resoure="http://www.owl-ontologies.om/GLIF3_5.owl"/></owl:Ontology><owl:Class rdf:ID="MedialAtionEntity"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:FuntionalProperty rdf:ID="aessParams"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="ServieImpl"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="MedialKnowledgeLayer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#ServieImpl"><rdfs:subClassOf><owl:Class rdf:ID="ImplementationLayer"/> 132



</rdfs:subClassOf></owl:Class><owl:Class rdf:ID="EHRImpl"><rdfs:subClassOf rdf:resoure="#ImplementationLayer"/></owl:Class><owl:Class rdf:ID="AlarmEntity"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:ID="AlarmImpl"/></owl:allValuesFrom><owl:onProperty><owl:FuntionalProperty rdf:about="#aessParams"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#MedialKnowledgeLayer"/></owl:Class><owl:Class rdf:about="#AlarmImpl"><rdfs:subClassOf rdf:resoure="#ImplementationLayer"/></owl:Class><owl:Class rdf:ID="EHREntity"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:FuntionalProperty rdf:about="#aessParams"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#EHRImpl"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#MedialKnowledgeLayer"/></owl:Class><owl:ObjetProperty rdf:ID="input"><rdfs:domain rdf:resoure="#MedialAtionEntity"/><rdfs:range rdf:resoure=&glifModel;#Data_Item"/></owl:ObjetProperty><owl:ObjetProperty rdf:ID="ehrSemantis"><rdfs:range rdf:resoure="&glifModel;#Conept"/><rdfs:domain rdf:resoure="#EHREntity"/></owl:ObjetProperty><owl:ObjetProperty rdf:ID="funtionality"><rdfs:domain rdf:resoure="#MedialAtionEntity"/><rdfs:range rdf:resoure="&glifModel;#Conept"/></owl:ObjetProperty><owl:ObjetProperty rdf:ID="output"><rdfs:range rdf:resoure="&glifModel;#Data_Item"/><rdfs:domain rdf:resoure="#MedialAtionEntity"/></owl:ObjetProperty> 133



<owl:ObjetProperty rdf:ID="entitySemantis"><rdfs:domain rdf:resoure="#EHREntity"/><rdfs:range rdf:resoure="&glifModel;#Data_Item"/></owl:ObjetProperty><owl:FuntionalProperty rdf:ID="servieOWSL"><rdfs:range rdf:resoure="http://www.w3.org/2001/XMLShema#string"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#DatatypeProperty"/><rdfs:domain><owl:Class><owl:unionOf rdf:parseType="Colletion"><owl:Class rdf:about="#ServieImpl"/><owl:Class rdf:about="#EHRImpl"/></owl:unionOf></owl:Class></rdfs:domain></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="medialTask"><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#ObjetProperty"/><rdfs:range rdf:resoure="#MedialAtionEntity"/><rdfs:domain rdf:resoure="&glifModel;#Medially_Oriented_Ation_Speifiation"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="agentID"><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#DatatypeProperty"/><rdfs:range rdf:resoure="http://www.w3.org/2001/XMLShema#string"/><rdfs:domain rdf:resoure="#AlarmImpl"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="dataSoureType"><rdfs:range rdf:resoure="#EHREntity"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#ObjetProperty"/><rdfs:domain rdf:resoure="&glifModel;#Get_Data_Objet_Ation"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="message"><rdfs:range rdf:resoure="#AlarmEntity"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#ObjetProperty"/><rdfs:domain rdf:resoure="&glifModel;#Message_Ation"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:about="#aessParams"><rdfs:domain rdf:resoure="#MedialKnowledgeLayer"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#ObjetProperty"/><rdfs:range rdf:resoure="#ImplementationLayer"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="doID"><rdfs:domain rdf:resoure="#EHRImpl"/><rdfs:range rdf:resoure="http://www.w3.org/2001/XMLShema#string"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#DatatypeProperty"/></owl:FuntionalProperty><owl:FuntionalProperty rdf:ID="servieWSDL"><rdfs:range rdf:resoure="http://www.w3.org/2001/XMLShema#string"/>134



<rdfs:domain><owl:Class><owl:unionOf rdf:parseType="Colletion"><owl:Class rdf:about="#ServieImpl"/><owl:Class rdf:about="#EHRImpl"/></owl:unionOf></owl:Class></rdfs:domain><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#DatatypeProperty"/></owl:FuntionalProperty></rdf:RDF><!-- Created with Protege (with OWL Plugin 3.2.1, Build 365) http://protege.stanford.edu -->
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APPENDIX BTHE SERVICE FUNCTIONALITYONTOLOGY
<?xml version="1.0"?><rdf:RDFxmlns:expr="http://www.daml.org/servies/owl-s/1.1/generi/Expression.owl#"xmlns:proess="http://www.daml.org/servies/owl-s/1.1/Proess.owl#"xmlns="http://144.122.230.12:8080/saphire/FunOnt.owl#"xmlns:servie="http://www.daml.org/servies/owl-s/1.1/Servie.owl#"xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"xmlns:xsd="http://www.w3.org/2001/XMLShema#"xmlns:rdfs="http://www.w3.org/2000/01/rdf-shema#"xmlns:owl="http://www.w3.org/2002/07/owl#"xmlns:profile="http://www.daml.org/servies/owl-s/1.1/Profile.owl#"xml:base="http://144.122.230.12:8080/saphire/FunOnt.owl"><owl:Ontology rdf:about=""/><rdfs:Class rdf:about="http://www.daml.org/servies/owl-s/1.1/Profile.owl#Profile"/><owl:Class rdf:ID="HealthareServies"><rdfs:subClassOf rdf:resoure="http://www.daml.org/servies/owl-s/1.1/Profile.owl#Profile"/></owl:Class><owl:Class rdf:ID="Lung_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:ID="analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="Lung"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="Multi-ParameterAnalyzer"/></rdfs:subClassOf></owl:Class> 136



<owl:Class rdf:ID="Skin_generator"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="Skin"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="EletrialPotentialGenerator"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="QueryServies"><rdfs:subClassOf><owl:Class rdf:ID="ShedulingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestNewAppointmentBookingServies"><rdfs:subClassOf><owl:Class rdf:ID="NoChangeOnAppointmentPlaerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="AdmitVisitProess"><rdfs:subClassOf><owl:Class rdf:ID="AdmitVisitServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestForPatientClinialInformationServies"><rdfs:subClassOf><owl:Class rdf:ID="ClinialInformationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="DemographiDataServies"><rdfs:subClassOf><owl:Class rdf:ID="PatientInformationRequestServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Haemodynamis_alulator"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:ID="Heart"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/>137



</owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="MultiParameterCalulator"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Heart_output_devie"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="Blood"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="FlowAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Generator"><rdfs:subClassOf><owl:Class rdf:ID="SensorServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientProblemServies"><owl:disjointWith><owl:Class rdf:ID="TherapeutiorPreventiveServies"/></owl:disjointWith><owl:disjointWith><owl:Class rdf:ID="PatientPathwayServies"/></owl:disjointWith><owl:disjointWith><owl:Class rdf:ID="PatientGoalServies"/></owl:disjointWith><owl:disjointWith><owl:Class rdf:ID="LabProedureServies"/></owl:disjointWith><owl:disjointWith><owl:Class rdf:ID="DiagnostiServies"/></owl:disjointWith><rdfs:subClassOf><owl:Class rdf:ID="PatientCareServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="ClinialObservationReportingServies">138



<rdfs:subClassOf><owl:Class rdf:ID="ObservationReportingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Pneumotaograph"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="Airway"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="FlowMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="ConentrationGenerator"><rdfs:subClassOf rdf:resoure="#Generator"/></owl:Class><owl:Class rdf:ID="PatientGoalUpdateServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientGoalServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Eletromyograph"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:ID="Musle"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="EletrialPotentialMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Skin_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty> 139



<owl:allValuesFrom><owl:Class rdf:about="#Skin"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#Multi-ParameterAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="UrineChemistryAnalyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:ID="Urine"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="ConentrationAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#Airway"><rdfs:subClassOf><owl:Class rdf:ID="Substane"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#Heart"><rdfs:subClassOf><owl:Class rdf:ID="BodyPart"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="NoChangeOnAppointmentFillerServies"><rdfs:subClassOf><owl:Class rdf:ID="FillerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="DishargeProess"><rdfs:subClassOf><owl:Class rdf:ID="DishargeServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="LabResultServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientInformationRequestServies"/></rdfs:subClassOf> 140



</owl:Class><owl:Class rdf:ID="PatientTreatmentAuthorizationRequestServies"><rdfs:subClassOf><owl:Class rdf:ID="PatientReferralServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientPathwayResponseServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientPathwayServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Reommendation"><rdfs:subClassOf><owl:Class rdf:ID="PlaerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestForPatientDemographiDataServies"><rdfs:subClassOf rdf:resoure="#DemographiDataServies"/></owl:Class><owl:Class rdf:ID="ChangeServie"><rdfs:subClassOf><owl:Class rdf:ID="PatientAdministrationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Consult"><rdfs:subClassOf><owl:Class rdf:about="#PlaerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Airway_volume_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Airway"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="VolumeMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Urine_output_transduer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:about="#Urine"/></owl:allValuesFrom> 141



<owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#FlowMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Meter"><rdfs:subClassOf><owl:Class rdf:about="#SensorServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestReeiptOfPatientSeletionDisplayListServies"><rdfs:subClassOf><owl:Class rdf:ID="PatientNameListServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="UpdateRegistrationToClinialTrialForObservationReporting"><rdfs:subClassOf><owl:Class rdf:ID="ObservationReportingOfClinialTrialsServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="GoOffRegistrationToClinialTrialForObservationReporting"><rdfs:subClassOf><owl:Class rdf:about="#ObservationReportingOfClinialTrialsServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="EletrialPotentialAnalyzer"><rdfs:subClassOf><owl:Class rdf:ID="Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="VolumeAnalyzer"><rdfs:subClassOf><owl:Class rdf:about="#Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RegisterProessServie"><rdfs:subClassOf><owl:Class rdf:ID="RegisterServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#Musle"><rdfs:subClassOf><owl:Class rdf:about="#BodyPart"/></rdfs:subClassOf> 142



</owl:Class><owl:Class rdf:about="#NoChangeOnAppointmentPlaerServies"><rdfs:subClassOf><owl:Class rdf:about="#PlaerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="ECG"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Heart"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#EletrialPotentialMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="TemperatureGenerator"><rdfs:subClassOf rdf:resoure="#Generator"/></owl:Class><owl:Class rdf:about="#PatientInformationRequestServies"><rdfs:subClassOf><owl:Class rdf:ID="InformationManagementServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientPathwayUpdateServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientPathwayServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#DishargeServie"><rdfs:subClassOf><owl:Class rdf:about="#PatientAdministrationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Urine_flow_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Urine"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf> 143



<rdfs:subClassOf><owl:Class rdf:about="#FlowAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="CAGB"><rdfs:subClassOf><owl:Class rdf:ID="TherapeutiOperationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Heart_pressure_transduer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Heart"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="PressureMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="CO2_srubber"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Airway"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="ConentrationFilter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Blood_pressure_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Blood"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="PressureAnalyzer"/> 144



</rdfs:subClassOf></owl:Class><owl:Class rdf:about="#FlowAnalyzer"><rdfs:subClassOf><owl:Class rdf:about="#Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Lung_resistane_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="ResistaneMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestPatientReferralStatusServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientReferralServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="UnsoliitedInsuraneInformationServies"><rdfs:subClassOf><owl:Class rdf:ID="InsuraneInformationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="AirwayFlowAnalyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Airway"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#FlowAnalyzer"/></owl:Class><owl:Class rdf:ID="Spirometry_analyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Airway"/><owl:onProperty> 145
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</owl:disjointWith><rdfs:subClassOf><owl:Class rdf:about="#TherapeutiorPreventiveServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="GoOffRegistrationToPhaseOfClinialTrialForObservationReporting"><rdfs:subClassOf><owl:Class rdf:ID="PhaseOfClinialTrialRelatedServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#TherapeutiorPreventiveServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientCareServies"/></rdfs:subClassOf><owl:disjointWith rdf:resoure="#PatientProblemServies"/><owl:disjointWith><owl:Class rdf:about="#PatientPathwayServies"/></owl:disjointWith><owl:disjointWith rdf:resoure="#PatientGoalServies"/><owl:disjointWith><owl:Class rdf:about="#LabProedureServies"/></owl:disjointWith><owl:disjointWith rdf:resoure="#DiagnostiServies"/></owl:Class><owl:Class rdf:ID="Paemaker"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Heart"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="RateGenerator"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientProblemAddServies"><rdfs:subClassOf rdf:resoure="#PatientProblemServies"/></owl:Class><owl:Class rdf:about="#ObservationReportingOfClinialTrialsServies"><rdfs:subClassOf><owl:Class rdf:about="#ObservationReportingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#MediationServies"><rdfs:subClassOf rdf:resoure="#TherapeutiorPreventiveServies"/><owl:disjointWith rdf:resoure="#TherapeutiOperationServies"/>149



</owl:Class><owl:Class rdf:about="#InformationManagementServies"><rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:ID="RequestDisplayForClinialObservationReportingServie"><rdfs:subClassOf><owl:Class rdf:ID="RequestForClinialObservationReportingServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Musle_analyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Musle"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#Multi-ParameterAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientGoalQueryServies"><rdfs:subClassOf rdf:resoure="#PatientGoalServies"/></owl:Class><owl:Class rdf:ID="Musle_generator"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Musle"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#EletrialPotentialGenerator"/></owl:Class><owl:Class rdf:about="#ClinialInformationServies"><rdfs:subClassOf rdf:resoure="#PatientInformationRequestServies"/></owl:Class><owl:Class rdf:ID="RequestForResubmissionToAnAuthorizationServies"><rdfs:subClassOf rdf:resoure="#PatientTreatmentAuthorizationRequestServies"/></owl:Class><owl:Class rdf:ID="Air_temperature_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Airway"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/>150



</owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="TemperatureMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#PatientPathwayServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientCareServies"/></rdfs:subClassOf><owl:disjointWith rdf:resoure="#TherapeutiorPreventiveServies"/><owl:disjointWith rdf:resoure="#PatientProblemServies"/><owl:disjointWith rdf:resoure="#PatientGoalServies"/><owl:disjointWith><owl:Class rdf:about="#LabProedureServies"/></owl:disjointWith><owl:disjointWith rdf:resoure="#DiagnostiServies"/></owl:Class><owl:Class rdf:ID="Intraranial_pressure_analyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:about="#Brain"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#PressureAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientProblemUpdateServies"><rdfs:subClassOf rdf:resoure="#PatientProblemServies"/></owl:Class><owl:Class rdf:about="#FlowMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class><owl:Class rdf:ID="PatientProblemResponseServies"><rdfs:subClassOf rdf:resoure="#PatientProblemServies"/></owl:Class><owl:Class rdf:ID="PatientPathwayQueryServies"><rdfs:subClassOf rdf:resoure="#PatientPathwayServies"/></owl:Class><owl:Class rdf:ID="AdmitVisitCanel"><rdfs:subClassOf> 151



<owl:Class rdf:about="#AdmitVisitServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#RegisterServie"><rdfs:subClassOf><owl:Class rdf:about="#PatientAdministrationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#Multi-Gas"><rdfs:subClassOf rdf:resoure="#Substane"/></owl:Class><owl:Class rdf:about="#MultiParameterCalulator"><rdfs:subClassOf><owl:Class rdf:ID="Calulator"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Intraranial_pressure_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:about="#Brain"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#PressureMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="UpdateRegistrationToPhaseOfClinialTrialForObservationReporting"><rdfs:subClassOf><owl:Class rdf:about="#PhaseOfClinialTrialRelatedServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#InsuraneInformationServies"><rdfs:subClassOf rdf:resoure="#PatientInformationRequestServies"/></owl:Class><owl:Class rdf:ID="TransferPending"><rdfs:subClassOf><owl:Class rdf:ID="TransferServie"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#ConentrationFilter"><rdfs:subClassOf rdf:resoure="#Filter"/></owl:Class><owl:Class rdf:about="#PatientCareServies"> 152



<rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:ID="CanelRegistrationToPhaseOfClinialTrialForObservationReporting"><rdfs:subClassOf><owl:Class rdf:about="#PhaseOfClinialTrialRelatedServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="ChangeOnAppointmentPlaerServies"><rdfs:subClassOf><owl:Class rdf:about="#PlaerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="CanelRegistrationToClinialTrialForObservationReporting"><rdfs:subClassOf rdf:resoure="#ObservationReportingOfClinialTrialsServies"/></owl:Class><owl:Class rdf:ID="PatientGoalDeleteServies"><rdfs:subClassOf rdf:resoure="#PatientGoalServies"/></owl:Class><owl:Class rdf:ID="FinanialManagementServies"><rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:ID="OtherServies"><rdfs:subClassOf><owl:Class rdf:about="#ShedulingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#PatientNameListServies"><rdfs:subClassOf rdf:resoure="#PatientInformationRequestServies"/></owl:Class><owl:Class rdf:ID="ChangeOnAppointmentFillerServies"><rdfs:subClassOf><owl:Class rdf:about="#FillerServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Lung_resistane_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="ResistaneAlayzer"/></rdfs:subClassOf> 153



</owl:Class><owl:Class rdf:about="#TransferServie"><rdfs:subClassOf><owl:Class rdf:about="#PatientAdministrationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#AdmitVisitServie"><rdfs:subClassOf><owl:Class rdf:about="#PatientAdministrationServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#PlaerServies"><rdfs:subClassOf><owl:Class rdf:about="#ShedulingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Lung_flow_meter"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#FlowMeter"/></owl:Class><owl:Class rdf:ID="CanelPatientReferralServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientReferralServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="RequestReeiptOfClinialDataListingServies"><rdfs:subClassOf rdf:resoure="#ClinialInformationServies"/></owl:Class><owl:Class rdf:about="#Calulator"><rdfs:subClassOf><owl:Class rdf:about="#SensorServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#RateGenerator"><rdfs:subClassOf rdf:resoure="#Generator"/></owl:Class><owl:Class rdf:ID="RequestForModifiationToAnAuthorizationServies"><rdfs:subClassOf rdf:resoure="#PatientTreatmentAuthorizationRequestServies"/></owl:Class> 154



<owl:Class rdf:ID="PatientProblemDeleteServies"><rdfs:subClassOf rdf:resoure="#PatientProblemServies"/></owl:Class><owl:Class rdf:about="#LabProedureServies"><owl:disjointWith rdf:resoure="#TherapeutiorPreventiveServies"/><owl:disjointWith rdf:resoure="#PatientProblemServies"/><owl:disjointWith rdf:resoure="#PatientPathwayServies"/><owl:disjointWith rdf:resoure="#PatientGoalServies"/><owl:disjointWith rdf:resoure="#DiagnostiServies"/><rdfs:subClassOf rdf:resoure="#PatientCareServies"/></owl:Class><owl:Class rdf:about="#PhaseOfClinialTrialRelatedServies"><rdfs:subClassOf rdf:resoure="#ObservationReportingOfClinialTrialsServies"/></owl:Class><owl:Class rdf:about="#SensorServies"><rdfs:subClassOf rdf:resoure="#DiagnostiServies"/></owl:Class><owl:Class rdf:about="#Skin"><rdfs:subClassOf><owl:Class rdf:about="#BodyPart"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#Multi-ParameterAnalyzer"><rdfs:subClassOf><owl:Class rdf:about="#Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PTCA"><rdfs:subClassOf rdf:resoure="#TherapeutiOperationServies"/></owl:Class><owl:Class rdf:ID="PatientPathwayDeleteServies"><rdfs:subClassOf rdf:resoure="#PatientPathwayServies"/></owl:Class><owl:Class rdf:about="#ResistaneAlayzer"><rdfs:subClassOf><owl:Class rdf:about="#Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="TemperatureAnalyzer"><rdfs:subClassOf><owl:Class rdf:about="#Analyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="TransferCanel"><rdfs:subClassOf rdf:resoure="#TransferServie"/></owl:Class><owl:Class rdf:ID="CompleteClinialTrialForObservationReporting"><rdfs:subClassOf rdf:resoure="#ObservationReportingOfClinialTrialsServies"/>155



</owl:Class><owl:Class rdf:ID="GetLabResultServies"><rdfs:subClassOf rdf:resoure="#LabResultServies"/></owl:Class><owl:Class rdf:ID="Spirometer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Airway"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#Multi-ParameterAnalyzer"/></owl:Class><owl:Class rdf:about="#Brain"><rdfs:subClassOf><owl:Class rdf:about="#BodyPart"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="TransferProess"><rdfs:subClassOf rdf:resoure="#TransferServie"/></owl:Class><owl:Class rdf:ID="Vaporizer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Airway"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#ConentrationGenerator"/></owl:Class><owl:Class rdf:about="#FillerServies"><rdfs:subClassOf><owl:Class rdf:about="#ShedulingServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="AdmitVisitPending"><rdfs:subClassOf rdf:resoure="#AdmitVisitServie"/></owl:Class><owl:Class rdf:about="#TemperatureMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class><owl:Class rdf:about="#PressureMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class> 156



<owl:Class rdf:ID="ModifyPatientReferralServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientReferralServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Heart_volume_transduer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Heart"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#VolumeMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="ChangeInToOut"><rdfs:subClassOf rdf:resoure="#ChangeServie"/></owl:Class><owl:Class rdf:ID="RegisterToPhaseOfClinialTrialForObservationReporting"><rdfs:subClassOf rdf:resoure="#PhaseOfClinialTrialRelatedServies"/></owl:Class><owl:Class rdf:about="#Blood"><rdfs:subClassOf rdf:resoure="#Substane"/></owl:Class><owl:Class rdf:ID="RegisterToClinialTrialForObservationReporting"><rdfs:subClassOf rdf:resoure="#ObservationReportingOfClinialTrialsServies"/></owl:Class><owl:Class rdf:about="#VolumeMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class><owl:Class rdf:ID="Diathermy_devie"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Musle"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#TemperatureGenerator"/></owl:Class><owl:Class rdf:about="#ResponseForClinialObservationReportingServie"><rdfs:subClassOf rdf:resoure="#ClinialObservationReportingServies"/></owl:Class><owl:Class rdf:about="#Urine"> 157



<rdfs:subClassOf rdf:resoure="#Substane"/></owl:Class><owl:Class rdf:ID="PatientReferralRequestServies"><rdfs:subClassOf><owl:Class rdf:about="#PatientReferralServies"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="PatientPathwayAddServies"><rdfs:subClassOf rdf:resoure="#PatientPathwayServies"/></owl:Class><owl:Class rdf:ID="Lung_pressure_meter"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#PressureMeter"/></owl:Class><owl:Class rdf:ID="SoliitedResponseForClinialObservationReporting"><rdfs:subClassOf rdf:resoure="#ResponseForClinialObservationReportingServie"/></owl:Class><owl:Class rdf:about="#ObservationReportingServies"><rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:about="#BodyPart"><rdfs:subClassOf rdf:resoure="#Substane"/></owl:Class><owl:Class rdf:ID="Lung_rate_analyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="RateAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Urine_hemistry_transduer"> 158



<rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Urine"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:ID="ConentrationMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="DiagnostiOperationServies"><rdfs:subClassOf rdf:resoure="#DiagnostiServies"/></owl:Class><owl:Class rdf:ID="Brain_temp._meter"><rdfs:subClassOf rdf:resoure="#TemperatureMeter"/><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Brain"/></owl:Restrition></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Heart_output_analyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Blood"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#TemperatureAnalyzer"/></owl:Class><owl:Class rdf:ID="Kidney"><rdfs:subClassOf rdf:resoure="#BodyPart"/></owl:Class><owl:Class rdf:ID="Lung_pressure_analyzer"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Lung"/> 159
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</owl:Class><owl:Class rdf:about="#Multi-ParameterMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class><owl:Class rdf:ID="Eletrobraingraph"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Brain"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#EletrialPotentialMeter"/></owl:Class><owl:Class rdf:ID="Transutaneous_gas_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Multi-Gas"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#ConentrationMeter"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="CompletePhaseOfClinialTrialForObservationReporting"><rdfs:subClassOf rdf:resoure="#PhaseOfClinialTrialRelatedServies"/></owl:Class><owl:Class rdf:ID="HeartAtivityAnalyzer"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Heart"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#EletrialPotentialAnalyzer"/></owl:Class><owl:Class rdf:ID="DishargeCanel"><rdfs:subClassOf rdf:resoure="#DishargeServie"/></owl:Class><owl:Class rdf:ID="Lung_flow_analyzer"><rdfs:subClassOf><owl:Restrition> 161



<owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom><owl:Class rdf:about="#Lung"/></owl:allValuesFrom></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#FlowAnalyzer"/></owl:Class><owl:Class rdf:ID="PushLabResultServies"><rdfs:subClassOf rdf:resoure="#LabResultServies"/></owl:Class><owl:Class rdf:ID="PatientGoalResponseServies"><rdfs:subClassOf rdf:resoure="#PatientGoalServies"/></owl:Class><owl:Class rdf:about="#ConentrationMeter"><rdfs:subClassOf rdf:resoure="#Meter"/></owl:Class><owl:Class rdf:ID="PatientGoalAddServies"><rdfs:subClassOf rdf:resoure="#PatientGoalServies"/></owl:Class><owl:Class rdf:ID="Sp02Monitor"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Blood"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#ConentrationAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:ID="Blood_flow_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Blood"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#FlowMeter"/></owl:Class><owl:Class rdf:ID="PatientProblemQueryServies"><rdfs:subClassOf rdf:resoure="#PatientProblemServies"/>162



</owl:Class><owl:Class rdf:about="#PatientReferralServies"><rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:ID="MultiGasIdentifier"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Airway"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf><owl:Class rdf:about="#ConentrationAnalyzer"/></rdfs:subClassOf></owl:Class><owl:Class rdf:about="#PressureAnalyzer"><rdfs:subClassOf rdf:resoure="#Analyzer"/></owl:Class><owl:Class rdf:about="#ConentrationAnalyzer"><rdfs:subClassOf rdf:resoure="#Analyzer"/></owl:Class><owl:Class rdf:ID="ChangeOutToIn"><rdfs:subClassOf rdf:resoure="#ChangeServie"/></owl:Class><owl:Class rdf:ID="RequestForInsuraneInformationServies"><rdfs:subClassOf rdf:resoure="#InsuraneInformationServies"/></owl:Class><owl:Class rdf:about="#Lung"><rdfs:subClassOf rdf:resoure="#BodyPart"/></owl:Class><owl:Class rdf:ID="Blood_hemistry_meter"><rdfs:subClassOf><owl:Restrition><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty><owl:allValuesFrom rdf:resoure="#Blood"/></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#Multi-ParameterMeter"/></owl:Class><owl:Class rdf:ID="CoronaryAngiogram"><rdfs:subClassOf rdf:resoure="#DiagnostiOperationServies"/></owl:Class><owl:Class rdf:ID="RequestReeiptOfPatientSeletionListServies"><rdfs:subClassOf rdf:resoure="#PatientNameListServies"/>163



</owl:Class><owl:Class rdf:about="#PatientAdministrationServies"><rdfs:subClassOf rdf:resoure="#HealthareServies"/></owl:Class><owl:Class rdf:ID="Renal_funtion_alulator"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Kidney"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#MultiParameterCalulator"/></owl:Class><owl:Class rdf:ID="Air_pressure_meter"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Airway"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#PressureMeter"/></owl:Class><owl:Class rdf:ID="Blood_pressure_strain_gauge"><rdfs:subClassOf><owl:Restrition><owl:allValuesFrom rdf:resoure="#Blood"/><owl:onProperty><owl:ObjetProperty rdf:about="#analyzesSubstane"/></owl:onProperty></owl:Restrition></rdfs:subClassOf><rdfs:subClassOf rdf:resoure="#PressureMeter"/></owl:Class><owl:ObjetProperty rdf:about="#analyzesSubstane"><rdfs:domain rdf:resoure="#SensorServies"/><rdfs:range rdf:resoure="#Substane"/></owl:ObjetProperty><owl:FuntionalProperty rdf:ID="ode"><rdfs:range rdf:resoure="http://www.w3.org/2001/XMLShema#string"/><rdfs:domain rdf:resoure="#SensorServies"/><rdf:type rdf:resoure="http://www.w3.org/2002/07/owl#DatatypeProperty"/></owl:FuntionalProperty></rdf:RDF><!-- Created with Protege (with OWL Plugin 3.2.1, Build 365) http://protege.stanford.edu -->164



APPENDIX CAN EXAMPLE CDA USED IN THEPILOT APPLICATION
<?xml version="1.0" enoding="UTF-8"?><ClinialDoument xmlns="urn:hl7-org:v3"xmlns:xsi="http://www.w3.org/2001/XMLShema-instane"><id root="111" extension="01" assigningAuthorityName="SAPHIRE"/><ode ode="34133-9" odeSystem="2.16.840.1.113883.6.1" displayName='SUMMARIZATION OF EPISODE NOTE'/><effetiveTime value="20060413"/> <!--yyyymmdd --><author><time value="20060413"/><!--yyyymmdd --><assignedAuthor><assignedAuthoringDevie><ode ode="111" odeSystem="222" odeSystemVersion="1"></ode></assignedAuthoringDevie></assignedAuthor></author><ustodian><assignedCustodian><representedCustodianOrganization><name>Dr Ana Fruntela</name></representedCustodianOrganization></assignedCustodian></ustodian><!--********************************************************Demographis********************************************************--><reordTarget><patient><patientPatient><administrativeGenderCode ode="F" odeSystem="2.16.840.1.113883.5.1"></administrativeGenderCode>165



<birthTime value="19790623"/><maritalStatusCode ode="S" odeSystem="2.16.840.1.113883.5.2"></maritalStatusCode></patientPatient></patient></reordTarget><omponent><struturedBody><!--********************************************************Ative Problems setion********************************************************--><omponent><setion><ode ode="11450-4" odeSystem="2.16.840.1.113883.6.1"></ode><title>Ative Problems</title><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="R07.4" odeSystem="2.16.840.1.113883.6.3"/> <!-- Chest pain, unspeified; ICD-10 --><effetiveTime><low value="20060413100000"/><high value="20060413103500"/></effetiveTime><value>46666</value></observation></entry> <entry><observation lassCode="OBS" moodCode="EVN"><ode ode="134434004" odeSystem="2.16.840.1.113883.6.96"/> <!-- NYHA Class; SNOMED CT --><value> 4 </value></observation></entry></setion></omponent><!--********************************************************Past Medial History setion********************************************************--><omponent><setion><ode ode="11348-0" odeSystem="2.16.840.1.113883.6.1"></ode><title>PastMedialHistory</title><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="I10" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Essential (primary) hypertension; ICD-10 -->166



</observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="I21" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Aute myoardial infartion; ICD-10 --><value>2 </value></observation></entry><entry><proedure lassCode="PROC" moodCode="EVN"><ode ode="297183000" odeSystem="2.16.840.1.113883.6.96"></ode> <!--myoardial revasularization; SNOMED CT --></proedure></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="Z95.5" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Presene of oronary angioplastyimplant and graft; ICD-10 --><value>true</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="I20.0" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Angina petoris; ICD-10 --><value>true</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="I50.0" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Heart failure,ICD10 --><value>true</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="I05.0" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Rheumati mitral valve diseases, ICD10 --><value>1</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="F41.9" odeSystem="2.16.840.1.113883.6.3"></ode> <!--Anxiety disorder, unspeified, ICD10 --><value>true</value></observation><!-- pulmunary, bleeding.... to be added --></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="271649006" odeSystem="2.16.840.1.113883.6.96"></ode> <!--BP, Snomed CT -->167



<value>100</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="J45" odeSystem="2.16.840.1.113883.6.3"/> <!-- Asthma; ICD10 --><value> true </value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="4386001" odeSystem="2.16.840.1.113883.6.96"/> <!-- Bronhial Spasm; SNOMED CT --><value> true </value></observation></entry></setion></omponent><!--********************************************************Mediations setion********************************************************--><omponent><setion><ode ode="19789-7" odeSystem="2.16.840.1.113883.6.1"></ode><title>Mediations</title><entry><substaneAdministration lassCode="AtClass" moodCode="EVN"><onsumable><manufaturedProdut><manufaturedLabeledDrug><ode ode="33252009" odeSystem="2.16.840.1.113883.6.96"/> <!--Beta bloker. SNOMED CT --></manufaturedLabeledDrug></manufaturedProdut></onsumable><statusCode ode="ative"/></substaneAdministration></entry><entry><substaneAdministration lassCode="AtClass" moodCode="EVN"><onsumable><manufaturedProdut><manufaturedLabeledDrug><ode ode="387458008" odeSystem="2.16.840.1.113883.6.96"/> <!--Asprin. SNOMED CT --></manufaturedLabeledDrug></manufaturedProdut></onsumable> 168



<statusCode ode="ompleted"/></substaneAdministration></entry><entry><substaneAdministration lassCode="AtClass" moodCode="EVN"><onsumable><manufaturedProdut><manufaturedLabeledDrug><ode ode="108979001" odeSystem="2.16.840.1.113883.6.96"/> <!--Clopidogrel. SNOMED CT --></manufaturedLabeledDrug></manufaturedProdut></onsumable><statusCode ode="suspended"/></substaneAdministration></entry></setion></omponent><!--********************************************************Allergies and Adverse Reations setion********************************************************--><omponent><setion><ode ode="10123-x" odeSystem="2.16.840.1.113883.6.1"></ode><title>Allergies and Adverse Reations</title><entry><observation lassCode='COND' moodCode='EVN' negationInd='false'><statusCode ode='ative'/><effetiveTime> <low value='20041100000000'/> </effetiveTime><value xsi:type='CD' ode='387458008' displayName='asprin'odeSystem='2.16.840.1.113883.6.96' odeSystemName='SNOMED CT'><originalText><referene value='#allergen-1'/></originalText></value><entryRelationship typeCode='SPRT'><observation lassCode='OBS' moodCode='EVN'><ode ode='RXNASSESS'/><statusCode ode='ompleted'/><!-- reations --><entryRelationship typeCode='SUBJ'><observation lassCode='OBS' moodCode='EVN'><id root='369bb3eb'/><statusCode ode='ompleted'/><value xsi:type='CD' ode='247472004' displayName='weal'odeSystem='2.16.840.1.113883.6.96' odeSystemName='SNOMED CT'><originalText><referene value='#reation-1'/></originalText></value></observation> 169



</entryRelationship></observation></entryRelationship></observation></entry></setion></omponent><!--********************************************************Resting ECG Features********************************************************--><omponent><setion><ode ode="34752-6" odeSystem="2.16.840.1.113883.6.1"></ode><title> EVALUATION AND MANAGEMENT NOTE, Cardiology</title><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="9874-9" odeSystem="2.16.840.1.113883.6.1"></ode> <!--ECG Rythm Segment, LOINC --><value>2</value></observation></entry><entry><observation lassCode="OBS" moodCode="EVN"><ode ode="250908004" odeSystem="2.16.840.1.113883.6.96"></ode><!--Left ventriular ejetion fration Snomed --><value> 38</value></observation></entry></setion></omponent></struturedBody></omponent></ClinialDoument>
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