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Abstract: Today, application of information and communication technologies to healthcare is on the agenda of many countries. The main aim is to make Electronic Healthcare Records (EHR) of a patient accessible anywhere including the cross-border applications. Interoperable cross-border clinical data exchange is an ambitious goal with several challenges, the most prominent ones being the variety of EHR standards used in different countries, different terminologies and languages. Some countries have their own set of (local) standards and it is not reasonable to implement all possible combinations of mappings among the EHRs to exchange patient clinical information among different countries. What needs to be done is to agree on a set of common EHR interfaces. Then, each country can develop “Adaptors” transforming local EHR instances to the commonly agreed formats. This enables structure level interoperability. In this article, we present the details of our approach and prove its applicability on Turkey's National Health Information System (NHIS). Turkey uses a modified version HL7 CDA R2 as the local EHR format, which is termed as “Transmission Schemas”. We explain in detail how to automatically transform these local EHR instances to HL7 CDA R2 instances.
1. Introduction
An Electronic Healthcare Record (EHR) is defined as “digitally stored health care information about an individual's lifetime with the purpose of supporting continuity of care, education and research, and ensuring confidentiality at all times” [1]. There are several EHR content standards under development which aim to provide standard interface to existing proprietary systems. These efforts include the Health Level Seven Clinical Document Architecture [2], CEN EN 13606 Electronic Health Record Communication [3] and openEHR [4]. Such standards define the structure and markup of the clinical content to make EHR exchange interoperable. In [5] an extensive survey and analysis of EHR standards are presented.
Today many countries and also some individual regions/provinces are developing their national or regional electronic healthcare infrastructures for collecting and sharing administrative and clinical data about the patients, healthcare professionals and organizations. The extensive analysis of the eHealth systems in EU countries and also in the USA, Canada and Australia is provided through the RIDE project (A Roadmap for Interoperability of eHealth Systems in Support of COM 356 with Special Emphasis on Semantic Interoperability) [6]. These studies indicate that there are two ways of representing the EHR content in wired format; to adopt an international EHR standard such as HL7 CDA, CEN EN 13606 or openEHR and apply the required national restrictions and extensions, or to develop a totally local EHR specification from scratch by defining all properties freely according to the requirements. While projects like Health Infoway in Canada [7], NHS Connecting for Health in the UK [8] and Dossier Médical Personnel (DMP) in France [9] opted for the first choice and adopted HL7 CDA according to their needs, Belgium preferred to develop a local specification entitled “Kind Messaging for the Electronic Healthcare Records” (Kmehr) [10].

In parallel with these regional and national efforts, there are also initiatives for achieving EHR interoperability at a higher level, such as the European level. In Europe, the European Commission grants projects for developing roadmaps for eHealth interoperability, and publishes recommendations for cross-border eHealth interoperability [11],[12]. It expects that the Member States take these recommendations into consideration while developing their national eHealth infrastructures. As another higher level interoperability effort, for example, the USA is trying to share EHRs among the Regional Health Information Organizations through National Health Information Network (NHIN) [13].
In this paper, we identify the major challenges for cross-border EHR exchange and propose a methodology for automatically transforming a source EHR schema instance into a target EHR schema instance. We prove the applicability of our approach on the National Health Information System (NHIS) of Turkey.
2. Objectives
Cross-border EHR exchange raises two major challenges: EHR schema interoperability and semantic interoperability. The main problem in the first one is that different parties may be using different EHR standards as already mentioned, or even when they use the same EHR standard, they may have different localizations which are not interoperable. We take a practical approach to this problem and describe how to transform a source EHR schema into a target EHR schema by using Extensible Stylesheet Language Transformation (XSLT) rules [14]. We demonstrate our approach by describing how the Turkish localization of HL7 CDA R2 is transformed into the original CDA document schema.

Turkey adopted HL7 CDA as the EHR standard but, in order to meet all national requirements directly at the schema level, many changes have been made on the original CDA Schema that broke the conformity of local “Transmission Schemas” to CDA. In our work, we first analyzed the incompatible changes that have been made on the original CDA Schema. Then, an Adaptor based on XSLT has been developed to automatically generate CDA conformant EHR documents from the “Transmission Schema” instances. The work on semantic interoperability of EHR content is within the scope of this paper but is described in [15]. 
3. Enabling Technologies and Standards
In this section, the standards and technologies used in this work are briefly summarized.
3.1 HL7 CDA
HL7 Clinical Document Architecture (CDA) is a document markup standard that specifies the structure and semantics of a clinical document (such as a discharge summary or progress note) for the purpose of exchange [2]. 

A clinical document includes clinical observations and services about care events. A valid CDA document is encoded in Extensible Markup Language (XML) and conforms to the CDA Schema which is derived from the Reference Information Model (RIM) [16]. So far, HL7 has released two versions of CDA.

A CDA document has two main parts, the header and the body. In the CDA R1, only the header part is derived from the RIM. In the CDA Release 2 (R2), in addition to the header part, the clinical content in the document body is also derived from the RIM. Therefore the CDA R2 model enables the formal representation of clinical statements through CDA Entry classes, namely, Act, Observation, ObservationMedia, SubstanceAdministration, Supply, Procedure, RegionOfInterest, Encounter, Organizer. 

A CDA header defines the context of the document by providing information on authentication, the encounter, the patient, and the involved providers whereas the CDA body includes the clinical report. The body part can be either an unstructured blob or a structured hierarchy which involves one or more section components. Within a section, narrative blocks and CDA entries are defined. Machine-processable clinical statements are represented by these CDA entries whereas the narrative blocks are human readable forms of these clinical statements. 
3.2 XSL Transformations
Extensible Stylesheet Language Transformations (XSLT) [14] is an XML-based language used for the transformation of XML documents into other XML or “human-readable” documents such as HTML or plain text. A transformation expressed in XSLT describes rules for transforming a source tree into a result tree. The transformation is achieved by associating patterns with templates. A pattern is matched against elements in the source tree. A template is instantiated to create part of the result tree. The result tree is separate from the source tree. The most recent version of XSLT is XSLT 2.0.
3.3 National Health Information System of Turkey
Turkey's National Health Information System (NHIS) [17],[18] supports the exchange of EHRs, called the “Transmission Schema” instances, at the national level. The content of the Transmission Schemas are defined within the National Health Data Dictionary (NHDD) [19] that is developed to enable the parties to share the same meaning of data, and use them for the same purpose. Transmission Schemas are composed of Minimum Health Data Sets (MHDSs) and MHDSs are composed of data elements from the NHDD. As an example, the “Examination” Transmission Schema is presented in Figure 1. Some example data elements are address, vaccination, main diagnosis, etc. There are 261 data elements and 46 MHDSs in the NHDD. The data elements are mostly coded with coding systems and all these coding systems are available at the Health Coding Reference Server (HCRS) [20]. There are 178 coding systems in the HCRS most of which are local. Doctor Data Bank (DDB) [21] provides healthcare professional identity and specialization.
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Figure 1 The Examination Transmission Schema from the NHDD
Based on the definitions in the NHDD, the wire format and messaging protocols have been developed under the NHIS. As the EHR standard, HL7 CDA has been selected. During the localization process, the rules which are set in the “HL7 Refinement, Constraint and Localization” [22] are applied. However, the original HL7 CDA schemas are modified which breaks the CDA conformity of NHIS Transmission Schemas, since a conformant CDA document should at a minimum validate against the CDA Schema [23]. Figure 2 summarizes the relationships between the artefacts of NHDD, the “Transmission Schemas” and the HL7 CDA R2. Once this mapping is defined, the constraints implied through these mappings are reflected to the schemas by modifying the CDA schema. This mapping also briefly summarizes the changes that are applied to the original HL7 CDA R2 schema. 
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Figure 2 Mapping NHDD Concepts to HL7 v3 CDA R2

For the messaging, HL7 version 3 is being used. HL7 Web Services Profile [24] has been implemented for the transportation of Transmission Schema instances. There is a Web Service for each Transmission Schema defined in the NHDD. These services support insertion, update, deletion and querying operations. For security, WS-Security Username Token Profile [25] over Secure Sockets Layer (SSL) is used.
4. Transforming Turkey's Transmission Schema Instances to HL7 CDA
It has been stated that some of the countries prefer international standards for their national infrastructures while some choose to develop their own standards. Turkey acted very close to the first option but while developing the schemas for the local EHRs, the Refined Message Information Model (R-MIM) of CDA is used instead of directly restricting CDA XML Schema in order to apply the local requirements of the NHDD and business rules directly at the schema level as much as possible. The normative way is using the XSD as it is, defining templates for the specific usages (a blood pressure section for instance) and controlling the validity of these instances at upper levels via Schematron [26] or some other pattern-checking mechanism. 


The generated schemas are completely HL7 v3 and CDA R-MIM conformant but not CDA conformant. The schemas are available in HL7 Integration Guide for Turkey [27]. There are 25 different CDA based Transmission Schemas and in order to enable conformity of the messages to the original CDA, first we made an extensive analysis of all the incompatible changes and then developed an adaptor based on XSLT to automatically generate CDA conformant EHR documents from the “Transmission Schema” instances. 
There are 14 major categories of inconsistencies identified. Since it is not possible to list all of them here, we present a few examples. 


The inconsistencies are mostly renaming of the XML elements in a CDA document, while some others are removing a mandatory element or ignoring the HL7 data type of an element. The inconsistencies exist both at the CDA header and body levels. 

	<recordTarget typeCode="RCT" contextControlCode="OP">
  <babyPatientRole classCode="PAT">
    <patientBaby classCode="PSN" determinerCode="INSTANCE">
      <administrativeGenderCode code="1" codeSystem="2.16.840.1.113883.3.129.1.2.21" 

        codeSystemName="Cinsiyet" codeSystemVersion="1.0" displayName="Erkek"/>
      <birthTime value="20080209"/>
      <multipleBirthOrderNumber value="1"/>
      <guardian classCode="GUARD">
        <code code="MTH" codeSystem="2.16.840.1.113883.5.111" 

          codeSystemName="RoleCode" codeSystemVersion="1.0" displayName="Mother"/>
        <guardianMother determinerCode="INSTANCE" classCode="PSN">
          <id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/>
        </guardianMother>
      </guardian>
    </patientBaby>
  </babyPatientRole>
</recordTarget>


Figure 3 An Example Invalid recordTarget for Newborn Registration

Related with CDA Header, there are a lot of changes in the “recordTarget” element of CDA which is used for presenting the details of the subject of the document, that is, the patient. There are three different types of patient registrations in the NHIS; Citizen/Foreigner Registration, Newborn Registration and Stateless Registration. They are all used for presenting the demographics of the patient. But, while they are mapped to Transmission Schemas, only Citizen/Foreigner Registration MHDS content has been fit into the original recordTarget schema, the other two MHDSs has broken down the schema by renaming elements and adding some new elements. An example incompatible recordTarget for Newborn Registration is presented in Figure 3.

	<recordTarget>
  <patientRole>
    <id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905.20080209.1"/>
    <patient>
      <administrativeGenderCode code="1" codeSystem="2.16.840.1.113883.3.129.1.2.21" 

        codeSystemName="Cinsiyet" codeSystemVersion="1.0" displayName="Erkek"/>
      <birthTime value="20080209"/>
      <guardian classCode="GUARD">
        <id root="2.16.840.1.113883.3.129.1.1.1" extension="16892264390"/>
        <code code="MTH" codeSystem="2.16.840.1.113883.5.111" 

          codeSystemName="RoleCode" codeSystemVersion="1.0" displayName="Mother"/>
        <guardianPerson/>
      </guardian>
    </patient>
  </patientRole>
</recordTarget>


Figure 4 The Corresponding Valid recordTarget for Newborn Registration


First of all, the child of the recordTarget should be “patientRole”, not “babyPatientRole”. Then this “patientRole” should have an “id” element but in our case “babyPatientRole” does not have it. “patientBaby” should be replaced with “patient” and this element cannot have an element entitled “multipleBirthOrderNumber”, it should be removed. There are some more renamings under the “guardian” element as well. The conformant recordTarget for this Newborn Registration should be as presented in Figure 4.

	<dischargeDataset classCode="DOCSECT" moodCode="EVN">
  ..

  <component1 typeCode="COMP" contextConductionInd="true">
    <dischargeDiagnosisSection classCode="DOCSECT" moodCode="EVN">
      <id root="2.16.840.1.113883.3.129.2.1.5" extension="b66aa560-8b8e-4078-8236-d7edcdf5ce3a"/>
      <code code="TANI" codeSystem="2.16.840.1.113883.3.129.2.2.3" codeSystemName="Veri Kismi" 

        codeSystemVersion="1.0" displayName="Tani Verisinin Oldugu Bolum"/>
      <text>Mide ulseri</text>
      <component typeCode="COMP" contextConductionInd="true">
        <dischargeDiagnosis moodCode="EVN" classCode="OBS">
          <code code="SEVKTANISI" codeSystem="2.16.840.1.113883.3.129.2.2.6" 

            codeSystemName="Tani Tipi" codeSystemVersion="1.0" displayName="Sevk Tanisi"/>
          <value code="K25" codeSystem="2.16.840.1.113883.6.3" codeSystemName="ICD-10" 
             codeSystemVersion="1.0" displayName="Mide ulseri"/>
        </dischargeDiagnosis>
      </component>
    </dischargeDiagnosisSection>
  ..


Figure 5 An Example dischargeDiagnosisSection from the NHIS

The CDA body is composed of nested “section”s and these sections are bound to the parent element through “component” ActRelationships. As an inconformity, these “component”s are numbered. In the NHIS, the first level sections represent the MHDSs of a Transmission Schema and the second level sections are the wrappers for NHDD data elements as shown in Figure 2. However, the name of these “section”s are changed to the name of the corresponding MHDS concatenated with “Dataset” keyword, e.g. “dischargeDataset” and the name of the corresponding data element concatenated with “Section” keyword, e.g. “dischargeDiagnosisSection”. These tags should be replaced with “section” tag. This renaming does not cause any information loss in fact, because the semantics of the sections are described with coded terms through their “code” elements. The code system “Veri Kismi” (means “data section”) is defined by the NHIS for coding the data element wrapper sections. In this specific example, code “TANI” (means “diagnosis”) is chosen from this code system to describe the section. Figure 5 represents an example discharge diagnosis section from the NHIS whereas Figure 6 presents the corresponding conformant CDA section. 

	<section classCode="DOCSECT" moodCode="EVN">
  ..

  <component typeCode="COMP" contextConductionInd="true">
    <section classCode="DOCSECT" moodCode="EVN">
      <id root="2.16.840.1.113883.3.129.2.1.5" extension="b66aa560-8b8e-4078-8236-d7edcdf5ce3a"/>
      <code code="TANI" codeSystem="2.16.840.1.113883.3.129.2.2.3" codeSystemName="Veri Kismi" 

        codeSystemVersion="1.0" displayName="Tani Verisinin Oldugu Bolum"/>
      <text>Mide ulseri</text>
      <entry typeCode="COMP" contextConductionInd="true">
        <observation classCode="OBS" moodCode="EVN">
          <code code="SEVKTANISI" codeSystem="2.16.840.1.113883.3.129.2.2.6" 

            codeSystemName="Tani Tipi" codeSystemVersion="1.0" displayName="Sevk Tanisi"/>
          <value xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:type="CV" 

            code="K25" codeSystem="2.16.840.1.113883.6.3" codeSystemName="ICD-10" 

            codeSystemVersion="1.0" displayName="Mide ulseri"/>
        </observation>
      </entry>
    </section>
  ..


Figure 6 The Corresponding CDA Conformant section for dischargeDiagnosisSection


This example shows several other unconformities as well; changing the “entry” relationship to “component”, or removing the type declaration of “value” element. XSLT rules are developed for use within our transformation environment in order to create conformant CDAs from the Transmission Schema instances. An excerpt from the discharge data set XSLT file is given in Figure 7. The implementation is realized as a Web Service available from MoH servers for possible cross-border data exchange. An example NHIS Examination Transmission Schema, its CDA conformant version and the complete XSLT files are available in [28]. 
	<xsl:template name="dischargeDataset-component1">
  <xsl:element name="component">
    <xsl:copy-of select="@*" copy-namespaces="no"/>
    <xsl:element name="section">
      <xsl:copy-of select="hl7:dischargeDiagnosisSection/@*"/>
      <!-- Copy id, code, text similary -->
      <xsl:for-each select="hl7:dischargeDiagnosisSection/hl7:component">
        <xsl:call-template name="dischargeDataset-component1-component"/>
      </xsl:for-each>
    </xsl:element>
  </xsl:element>
</xsl:template>
<xsl:template name="dischargeDataset-component1-component">
  <xsl:element name="entry">
    <xsl:copy-of select="@*" copy-namespaces="no"/>
    <xsl:element name="observation">
      <xsl:attribute name="classCode">OBS</xsl:attribute>
      <xsl:attribute name="moodCode">EVN</xsl:attribute>
      <xsl:copy-of select="hl7:dischargeDiagnosis/hl7:code"/>
      <xsl:element name="value">
        <xsl:attribute name="xsi:type">CV</xsl:attribute>
        <xsl:copy-of select="hl7:dischargeDiagnosis/hl7:value/@*"/>
      </xsl:element>
    </xsl:element>
  </xsl:element>
</xsl:template>


Figure 7 An Excerpt from the Discharge Data Set XSLT File

5. Business Benefits

Many countries have achieved or are achieving successful implementations of electronic healthcare infrastructures; now the next step is to make them interoperable for a well-connected international healthcare network in which the participants keep their systems as they are but provide some additional services for cross-border interoperability. EHR schema interoperability is the first step to achieving such a network and in this paper, we present how this could be realized by means of transforming adaptors. Our approach is based on information models of different EHR standards, and at the same time it is practical and stable enough to be used in real-life cases, as we did in NHIS, Turkey.
6. Conclusions
Providing the interoperability of heterogeneous healthcare information systems has always been an active research area. [29] describes how to mediate between HL7 Version 2 and HL7 Version 3 messages based on semantics. [30] describes how two different EHR standards (namely HL7 CDA and CEN EN 13606) derived from the same Reference Information Model can be mapped to each other by using archetypes, Refined Message Information Model derivations and semantic tools.

In order to provide cross-border interoperability with other HL7 CDA R2 conformant EHR systems, we have developed an XSLT based Adaptor to automatically generate CDA conformant instances from the “Transmission Schema” instances, which are locally developed EHRs in NHIS, Turkey. The structure-level interoperability is the first step to cross-border EHR exchange that needs to be complemented with semantic interoperability of EHR content. We address this issue in [15]. 
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