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ABSTRACT
SHARING ELECTRONIC HEALTHCARE RECORDS ACROSS COUNTRY BORDERSYüksel, MustafaM.S., Department of Computer EngineeringSupervisor: Prof. Dr. Asuman Do§açSeptember 2008, 141 pagesToday, the appli
ation of information and 
ommuni
ation te
hnologies to health
are is on theagenda of many 
ountries. The main aim is to make Ele
troni
 Health
are Re
ords (EHR)of a patient a

essible anywhere at any time to all authorized users. This is even validin the 
ross-border 
ase; the European Commission has published eHealth interoperabilityre
ommendations to the EU Member States, in whi
h the RIDE Proje
t 
ontributed, for thepurpose of an interoperable European Health Network.Interoperable 
ross-border 
lini
al data ex
hange is an ambitious goal with some 
hal-lenges, the most obvious one being the variety of standards. This issue gets more 
ompli
atedwith the lo
ally developed standards and 
oding systems. Ea
h 
ountry has its own set ofstandards and it is not reasonable to make all possible 
ombinations of mappings amongthem during multi-party EHR ex
hange. Instead, what needs to be done is keeping thelega
y infrastru
tures of the parti
ipants and agreeing on a set of 
ommon EHR standardsand 
oding systems. Then, ea
h 
ountry shall develop �Adapters� transforming lo
al EHRinstan
es to the 
ommonly agreed formats whi
h will most probably be based on widelya

epted standards su
h as HL7 CDA. This approa
h enables the stru
ture level interoper-ability. As the se
ond step, in order to a
hieve semanti
 interoperability, 
oded terms fromlo
ally de�ned 
oding systems shall be translated to international 
ounterparts.In this thesis, our methodology is 
on�rmed on Turkey's National Health InformationSystem. �Transmission S
hemas� are automati
ally transformed to HL7 v3 CDA R2 andiv



CEN EN 13606 standard formats. The lo
al 
oded terms are translated by developing amapping platform based on Uni�ed Medi
al Language System (UMLS).Keywords: eHealth, Ele
troni
 Health
are Re
ords, National Health Information System,semanti
 interoperability
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ÖZ
ELEKTRON�K SA�LIK KAYITLARININ ÜLKELER ARASI PAYLA�IMIYüksel, MustafaYüksek Lisans, Bilgisayar Mühendisli§i BölümüTez Yöneti
isi: Prof. Dr. Asuman Do§açEylül 2008, 141 sayfaGünümüzde sa§l�k alan�na bilgi ve ileti³im teknolojilerinin uygulanmas� pek çok ülkeningündemindedir. Ana amaç bir hastan�n Elektronik Sa§l�k Kay�tlar�n� (ESK) her zamanher yerden yetkili ³ah�slara eri³ilebilir k�lmakt�r. Bu, ülkeler-aras� durum için de geçerlidir;Avrupa Komisyonu birlikte çal�³abilir bir Avrupa Sa§l�k A§� için üye ülkelere RIDE projesininde katk�da bulundu§u e-Sa§l�k'ta birlikte çal�³abilirlik tavsiyeleri yay�nlamaktad�r.Birlikte çal�³abilir ülkeler-aras� klinik veri payla³�m� baz� zorluklar� olan iddial� bir hedeftir.Bu zorluklardan en belirgin olan� standartlar�n çe³itlili§idir. Bu durum yerel olarak geli³tir-ilmi³ standartlar�n ve kodlama sistemlerinin geli³tirilmesiyle daha karma³�k bir hal almak-tad�r. Her ülke kendine has standartlara sahiptir ve çok partili ESK payla³�m� durumundabu standartlar�n tüm olas� e³le³tirilmelerinin yap�lmas� mant�kl� de§ildir. Bunun yerine,yap�lmas� gereken kat�l�m
�lar�n miras altyap�lar�n� koruyarak ortak ESK standartlar� ve kodsistemleri üzerinde anla³makt�r. Sonra, her ülke kendi yerel ESK'lerini büyük ihtimalle HL7CDA gibi geni³ kabul görmü³ standartlar aras�ndan seçile
ek olan ortak biçime dönü³türe
ek�Adaptörler� geli³tirmelidir. Bu yakla³�m yap�sal seviye birlikte çal�³abilirli§i sa§lamaktad�r.�kin
i ad�m olarak, anlamsal birlikte çal�³abilirli§i ba³armak için yerel kodlama sistemlerindetan�mlanan kodlanm�³ terimlerin evrensel e³leniklerine çevrilmesi gerekmektedir.Bu tezde yöntemimizin uygulanabiliri§i Türkiye'nin Ulusal Sa§l�k Bilgi Sistemi üzerindedo§rulanmaktad�r. �Gönderim �emalar�� otomatik olarak HL7 v3 CDA R2 ve CEN 13606'yavi



dönü³türülmektedir. Yerel kodlanm�³ terimler de Birle³tirilmi³ T�bbi Dil Sistemi (UMLS)tabanl� e³le³tiri
i platformu ile çevrilmektedir.Anahtar Kelimeler: e-sa§l�k, Elektronik Sa§l�k Kay�tlar�, Ulusal Sa§l�k Bilgi Sistemi, anlam-sal birlikte çal�³abilirlik
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CHAPTER 1INTRODUCTION
Today many 
ountries and also some individual regions/provin
es are developing their na-tional or regional ele
troni
 health
are infrastru
tures for 
olle
ting and sharing administra-tive and 
lini
al data about the patients, health
are professionals and organizations. Whilesome 
ountries like England, Canada and the Netherlands are on the way for a long time,some other 
ountries like Mexi
o and Poland seem to be at the very beginning of establish-ing a 
omplete national ele
troni
 health
are infrastru
ture. But, in any 
ase, today almostall 
ountries are aware of the importan
e and bene�ts of integrating an ele
troni
 
ommu-ni
ation network into their lega
y health systems for the purpose of e�
ient 
lini
al andadministrative data ex
hange.The su

essfully 
ompleted RIDE proje
t (A Roadmap for Interoperability of eHealthSystems in Support of COM 356 with Spe
ial Emphasis on Semanti
 Interoperability) [66℄that is supported by the European Commission provided extensive analysis of the eHealthsystems of all European 
ountries and some other 
ountries like the USA, Canada andAustralia in two phases; the �rst one entitled �European Best Pra
ti
es in Providing Semanti
Interoperability in eHealth Domain� [67℄ representing the status in the early months of2006 and the se
ond one entitled �European Good Pra
ti
es� [68℄ representing the statusin the se
ond half of 2007 supported with 
omparison of 
ountries under several 
ategoriessu
h as patient identi�ers or Ele
troni
 Health
are Re
ords. These studies show that all
ountries are de�ning the medi
al 
ontent for the purpose of ex
hange among health
areorganizations and/or national authorities su
h as the Ministry of Health a

ording to theirown requirements. Based on these requirements and the purpose of usage, di�erent namesare atta
hed to these de�ned 
ontents; Emergen
y Data Set, Minimum Health Data Set,Patient Summary, et
. However, most of the time they are used to a
hieve whole or partsof an Ele
troni
 Health
are Re
ord. 1



The Ele
troni
 Health
are Re
ord (EHR, also 
alled Ele
troni
 Health Re
ord) is de�nedby Iakovidis [38℄ as �digitally stored health 
are information about an individual's lifetimewith the purpose of supporting 
ontinuity of 
are, edu
ation and resear
h, and ensuring
on�dentiality at all times�. There are several EHR 
ontent standards under developmentwhi
h aim to provide standard interfa
e to existing proprietary systems. These e�orts in
ludeHealth Level Seven Clini
al Do
ument Ar
hite
ture [6℄, CEN EN 13606 Ele
troni
 HealthRe
ord Communi
ation [11℄ and openEHR [61℄. Su
h standards de�ne the stru
ture andmarkup of the 
lini
al 
ontent to make EHR ex
hange interoperable. Ei
helberg et. al. [28℄presents an extensive survey and analysis of EHR standards.After having a do
umented list of the ne
essary data elements to o

ur within the EHR
ontent, whi
h is usually 
alled the Health Data Di
tionary, the 
ountries seek ways ofrepresenting the EHR 
ontent in wired format. There are two options at this point; toadopt an international EHR standard su
h as HL7 CDA, CEN EN 13606 or openEHR andapply the required national restri
tions and extensions, or to develop a totally lo
al EHRspe
i�
ation from s
rat
h by de�ning all properties freely a

ording to the requirements. Thesame kind of sele
tion needs to be done at the messaging level as well. Examples to both
ases are presented in the previously mentioned RIDE deliverables [67, 68℄. While proje
tslike Health Infoway in Canada [32℄, NHS in the United Kingdom [59℄ and Dossier Médi
alPersonnel (DMP) in Fran
e [23℄ opted for the �rst 
hoi
e and adopted HL7 CDA a

ordingto their needs, Belgium preferred to develop a lo
al spe
i�
ation entitled �Kind Messagingfor the Ele
troni
 Health
are Re
ords� (Kmehr) [44℄.In parallel with these regional and national e�orts, there are also initiatives and plans fora
hieving EHR interoperability at a higher level, su
h as the European level. In Europe, theEuropean Commission grants proje
ts for developing roadmaps for eHealth interoperability(one example is the RIDE proje
t), organizes several 
onferen
es and workshops with theattendan
e of national authorities from the Member States and publishes re
ommendationsfor 
ross-border eHealth interoperability [63, 64℄ in whi
h the su

essful results of the grantedproje
ts are embedded as well. Although the EU 
annot mandate any laws or rules relatedwith the health and health
are poli
ies of its member states sin
e health
are and eHealthare 
onsidered to be internal matters of the Member States, with all these e�orts it expe
tsthat the Member States take these re
ommendations into 
onsideration while developingtheir national eHealth infrastru
tures. The renewed deadline for establishing EU-wide EHRex
hange is 2015. As another higher level e�ort example, the USA is trying to share EHRsamong the Regional Health Information Organizations through National Health Information2



Network (NHIN) [57℄.Now, it is 
lear that lo
al developments are being done in order to ex
hange EHRs inmany 
ountries and on the other hand, there is a de�nite need for enabling interoperabilityat higher levels, e.g. the European Level. It is undeniable that di�erent 
ountries will havedi�erent lo
al requirements. Moreover, every 
ountry is totally free in its internal de
isions,espe
ially related with su
h a private issue; health. For these reasons, it is not logi
al toexpe
t all 
ountries to a

ept just one global model as it is. Interoperability at higher levelsis only a
hievable if the internal infrastru
tures of the 
ountries are kept as they are but someadditional me
hanisms are developed in order to enable interoperable 
ross-border 
lini
aldata ex
hange.In the se
ond version of its roadmap [69℄, RIDE has proposed su
h an ar
hite
ture entitledthe European Health
are Network whi
h was also re
ognized by the eHealth InteroperabilityRe
ommendation [63℄ of the European Commission. This ar
hite
ture aims to realize inte-gration of di�erent medi
al systems in a 
on�gurable network of inter
onne
ted organizationsso that the proposed European Health
are Network is �exible by design, allowing smoothinvolvement of the lega
y systems within the network. This is a
hievable by the Servi
eOriented Ar
hite
ture (SOA) design approa
h. Indeed, RIDE framework does not interferewith the low level implementation details of the use 
ase a
tors and servi
es presented inFigure 1.1 in the European Health
are Network, as long as their intera
ting fun
tionalitiesare available to the interested parties with a standard-
ompliant interfa
e.This ar
hite
ture states that, 
lini
al data being ex
hanged within a 
ountry may be inany format/standard/language and need not be dire
tly understandable by the other 
oun-tries but, while sharing this data with other 
ountries it has to be mapped to an internationalstandard re
ognized by all the parti
ipating bodies. The European Commission has e�ortsin this respe
t as well; there is ongoing work in de�ning the stru
ture and semanti
s of aEuropean level Emergen
y Data Set.In this thesis, we develop a methodology to realize su
h an ar
hite
ture. We have iden-ti�ed two major requirements for this purpose:
• When 
ommon EHR format(s) or standard(s) are ready, the �rst thing that needs tobe done is developing an Adaptor that will automati
ally transform the lo
al EHR in-stan
es to the 
ommonly agreed format. This is the only manual pro
ess that needs tobe done by all the parti
ipants of the network and unfortunately its extent is di�erentfor all 
ountries, depending on the di�erential distan
e between the lo
al implemen-3



Figure 1.1: The European Health
are Network Proposed by the RIDE proje
ttation and the 
ommonly agreed format. This �rst step enables the stru
ture levelinteroperability.
• Espe
ially in a multilingual network, as in the 
ase of Europe, it is de�nite that themapping of the lo
al EHR 
ontent to the 
ommonly agreed format, whi
h we 
allstru
ture level 
onforman
e, will not su�
e. It is undeniable that lo
ally developed
oded terms exist in the lo
al EHRs and in order to a
hieve true semanti
 interoper-ability, those terms shall be translated to a 
ode system or language that the otherparti
ipants in the network 
an understand. This ne
essitates a Terminology Serverbased automati
 translation environment for the 
oded terms. The aim of this step isenabling semanti
 (
ontent) interoperability.In our work, we prove that our methodology is appli
able by developing solutions forproviding 
ross-border data ex
hange support to the National Health Information Systemof Turkey [37℄. NHIS aims to provide a nation-wide infrastru
ture for sharing the Ele
-troni
 Health Re
ords (EHRs). The 
urrent implementation supports the transfer of EHRs,4




alled the �Transmission S
hema� instan
es from the Family Medi
ine Information Systems(FMIS), Hospital Information Systems (HIS) and Laboratory Information Systems to theNHIS servers at the Ministry of Health (MoH). Currently the system is being widely testedby the vendors and starting by September 30th, 2008 all the publi
 health
are organizationsare obliged to send their EHRs to MoH through NHIS Web Servi
es.Our a
hievements 
an be summarized as follows:
• Turkey adopted HL7 CDA as the EHR standard but unfortunately, in order to meet allnational requirements dire
tly at the s
hema level, many 
hanges have been made onthe original CDA S
hema that broke the 
onformity of lo
al �Transmission S
hemas�to CDA. While developing the s
hemas for the HL7 servi
es, the 
onsortium that isresponsible from the implementation of the NHIS preferred to start from the Re�nedMessage Information Model (R-MIM) of CDA instead of dire
tly getting and restri
tingCDA S
hema.A 
onformant CDA do
ument should at a minimum validate against the CDA S
hema.The modi�
ations that have been done during the lo
alization pro
ess have brokenthis 
onformity. The generated s
hemas are 
ompletely HL7 v3 and CDA R-MIM
onformant but still it is not possible to realize 
ross-border data ex
hange with the
urrent status. This is an interoperability problem.In order to over
ome these problems, �rst analysis of all the in
ompatible 
hanges thathave been made on the original CDA S
hema have been realized and these modi�
ationsare 
learly do
umented. Then, an Adaptor based on XSL Transformations (XSLT)[103℄ has been developed to automati
ally generate CDA 
onformant EHR do
umentsfrom the �Transmission S
hema� instan
es.CDA is the most dominant EHR standard today. It is for sure that the 
ommonlyagreed EHR format mentioned in our methodology will depend on one or more ofthese promising EHR standards sin
e they have already been well a

epted.Our implementation will be deployed as a Web Servi
e that will be a
ting as a proxybetween the Ministry of Health and the 
ross-border 
ountries 
apable of health
aredata ex
hange. Another use of the Adaptor is on the NHIS 
lients' side; the 
lients
an store the generated Transmission S
hemas in native CDA format so that when a
hange has been done on the Web Servi
e s
hemas, the previous re
ords will still bea

essible. 5



• By realizing the 
onforman
e of the Transmission S
hemas to HL7 CDA (and CENEN 13606 in the next item), NHIS EHR instan
es are now pro
essable by everyonewho is able to 
onforms to these standards. This was truly an important step in theinteroperability pro
ess. However, there are still things to be done at the semanti
level of the do
uments. The 
ontents of the messages are in Turkish and to a
hieve
ross-border semanti
 interoperability, it is ne
essary to translate the elements used inthe do
uments as well.For this purpose, a Terminology Server based modular ar
hite
ture enabling automati
mapping of the lo
al 
oded terms that appear in the NHIS Transmission S
hema in-stan
es has been developed. As the Terminology Server, the Uni�ed Medi
al LanguageSystem (UMLS) [81℄ Knowledge Sour
e Server has been used. UMLS provides se
ureWeb Servi
es for querying the server for �nding 
lini
al 
on
epts, retrieving 
on
eptdetails, mapping 
lini
al terms, et
. These Web Servi
es are used for automati
 trans-lation. For instan
e, now it is possible to automati
ally repla
e the 
ode �EKTANI�meaning �Ek Tani� (se
ondary diagnosis) from the lo
al �Tani Tipi� (diagnosis type)
ode system with 
ode �85097005� meaning �Se
ondary diagnosis� from the universal�SNOMED CT� [75℄ 
ode system automati
ally.
• CDA is the most widely used EHR standard today and CDA 
onformity has beena
hieved within the s
ope of the �rst task. Although not as popular as CDA, CENEN 13606 is the European standard for EHRs. In order to enri
h the interoperabil-ity support of EHRs Turkey will ex
hange with other 
ountries, another XSLT basedAdaptor has been su

essfully developed for automati
ally transforming NHIS Trans-mission S
hema instan
es to CEN EN 13606 
onformant EHRs.Unlike CDA, CEN 13606 does not have a 
ommon s
hema that is pro
essable bythe 
omputers. For this reason, �rst the XML S
hema De�nition of 13606 referen
emodel is realized. Then, in order to provide a more generi
 transformation system,the XSL Transformation rules have been written so that CDA 
onformant EHRs thatare transformed from the Transmission S
hemas by the �rst Adaptor are transformedinto 13606 
onformant EHRs. This way, development of Transmission S
hema spe
i�
XSLT �les is prevented, whi
h had to be done in the CDA transformer. Instead, someTransmission S
hema spe
i�
 
ontrols within the generi
 XSLT su�
ed.As a result, one of the �rst implementations of the CEN 13606 has been realized. More
riti
ally, our literature survey shows that Turkey is the �rst 
ountry to support 
ross-6



border 
lini
al data ex
hange with more than one international standard, that is bothas HL7 CDA and CEN EN 13606 at the same time. We have provided a detailed list ofour observations gained from the 
hallenges that we fa
ed during the implementationof 13606.Our work shows that when a lo
al implementation is already based on internationalstandards as mu
h as possible (as in the 
ase of Turkey), the mapping e�orts de
reaseenormously. Thus, development of a proprietary format instead of adopting a standardde
reases interoperability.The ar
hite
ture of the system, whi
h we 
all Transformation Environment for NHIS ofTurkey, is presented in Figure 1.2. The details of the 
omponents are presented in the related
hapters.

Figure 1.2: The Ar
hite
ture of the Transformation Environment for NHIS, Turkey
The rest of this thesis is organized as follows: Chapter 2 summarizes the enabling te
h-nologies and standards. In Chapter 3, development of the Adaptor for automati
ally trans-forming NHIS Transmission S
hema instan
es to HL7 CDA R2 
onformant EHRs is ex-plained. In Chapter 4, UMLS based ar
hite
ture enabling automati
 mapping of the lo
al
oded terms in EHRs to international 
ounterparts is presented. Chapter 5 presents thedevelopment of the Adaptor for automati
ally transforming CDA instan
es to CEN 136067



instan
es. Related work in the literature in 
omparison with our methodology is presentedin Chapter 6. Finally, Chapter 7 
on
ludes the thesis and suggests possible future resear
hdire
tions.

8



CHAPTER 2BACKGROUNG ON ENABLINGTECHNOLOGIES AND STANDARDS
2.1 Health Level Seven (HL7)Health Level Seven (HL7) [34℄ is a not-for-pro�t ANSI [2℄ a

redited Standards DevelopingOrganization. Primary goal of HL7 is to provide standards for the ex
hange of 
lini
al andadministrative data among health
are systems. HL7 provides standards for interoperabilitythat improve 
are delivery, optimize work�ow, redu
e ambiguity and enhan
e knowledgetransfer among all stakeholders, in
luding health
are providers, government agen
ies, thevendor 
ommunity, fellow SDOs and patients.�Level Seven� refers to the highest level of the International Organization for Standard-ization (ISO) [41℄ 
ommuni
ations model for Open Systems Inter
onne
tion (OSI) [106℄; theappli
ation level. The appli
ation level addresses de�nition of the data to be ex
hanged, thetiming of the inter
hange, and the 
ommuni
ation of 
ertain errors to the appli
ation.HL7 de�nes message stru
tures and trigger events for this purpose. A trigger event
auses the ex
hange of messages between these appli
ation systems, that is, when an evento

urs in an HL7 
ompliant system, an HL7 message is sent to other HL7 
ompliant systemsin
luding the ne
essary data required by the re
eiving systems.HL7 fo
uses on the interfa
e requirements of the entire health 
are organization, whilemost other e�orts fo
us on the requirements of a parti
ular department. Moreover, HL7develops a set of proto
ols that is both responsive and responsible to its members. Thegroup addresses the unique requirements of already installed hospital and departmentalsystems, some of whi
h use mature te
hnologies.Although HL7 Version 2.x is the most widely implemented health
are informati
s stan-9



dard in the world, it has several problems that are explained in the following se
tion. Theseproblems led the HL7 organization to develop a more de�nitive version almost from s
rat
h,namely the HL7 Version 3.2.1.1 HL7 Version 3O�ering lots of optionality and thus �exibility, the version 2.x series of messages were widelyimplemented and were su

essful to some extent. These messages evolved over several yearsusing a �bottom-up� approa
h that has addressed individual needs through an evolving ad-ho
 methodology. HL7's wide adaptation is largely attributable to its �exibility. It 
ontainsmany optional data elements and data segments, making it adaptable to almost any site.However, while providing great �exibility, its optionality also makes it impossible to havereliable 
onforman
e tests of any vendor's implementation and also for
es implementers tospend more time analyzing and planning their interfa
es to ensure that both parties are usingthe same optional features. As a result, most of the time it is not possible to inter
onne
ttwo appli
ations who 
laim to be HL7 v2.x 
ompliant.Version 3 addresses these kinds of issues by using a well-de�ned methodology [48℄ basedon a referen
e information model. It will be the most de�nitive standard to date. Usingrigorous analyti
 and message building te
hniques and in
orporating more trigger eventsand message formats with very little optionality, HL7's primary goal for Version 3 is too�er a standard that is de�nite and testable, and provide the ability to 
ertify vendors'
onforman
e. Version 3 uses an obje
t-oriented development methodology and a Referen
eInformation Model (RIM) [70℄ to 
reate messages. The RIM is an essential part of theHL7 Version 3 development methodology, as it provides an expli
it representation of thesemanti
 and lexi
al 
onne
tions that exist between the information 
arried in the �elds ofHL7 messages.HL7 v2.5 and the previous 2.x versions are ANSI approved standards but Version 3 isstill in the balloting phase. The balloting is done by the members in periods of three monthsand all the ballot versions are available through the HL7 Web site.Referen
e Information Model (RIM)An information model is a stru
tured spe
i�
ation of the information within a spe
i�
 domainof interest. It expresses the 
lasses of information required and the properties of those 
lasses,in
luding attributes, relationships, 
onstraints, and states.10



The Referen
e Information Model (RIM) [70℄ is the 
ornerstone of the HL7 Version 3development pro
ess. An obje
t model 
reated as part of the Version 3 methodology, theRIM is a large pi
torial representation of the 
lini
al data and identi�es the life 
y
le ofevents that a message or groups of related messages will 
arry. It is a shared model betweenall the domains and as su
h is the model from whi
h all domains 
reate their messages.The RIM is 
omprised of six �ba
k-bone� 
lasses as shown in Figure 2.1. Every happen-ing do
umented in the health
are domain is represented by the A
t 
lass. Physi
al thingsand beings that take part in health
are are represented by the Entity 
lass. The Role 
lassestablishes the roles that entities play as they parti
ipate in health
are a
ts. The Parti
-ipation 
lass de�nes the 
ontext for an A
t by de�ning the relationship between A
t andRole 
lasses. The A
tRelationship 
lass de�nes the relationship between two instan
es ofthe A
t 
lass. Similarly, the RoleLink de�nes the relationship between two instan
es of theRole 
lass.

Figure 2.1: RIM ba
k-bone 
lasses
The A
t, Entity and Role 
lasses are further spe
ialized to sub
lasses. In the HL7representation, a new sub
lass is added to the RIM only when new attributes or asso
iationsare needed whi
h are not available in the super 
lasses.11



A spe
ialized 
on
ept whi
h needs no further attributes or asso
iations is representedby assigning a unique 
ode in the 
ontrolling vo
abulary to spe
i�
 attributes. Therefore,these three 
lasses in
lude the following 
oded attributes, whi
h serve to further de�ne the
on
ept being modeled:
• 
lassCode (in A
t, Entity and Role) represents the exa
t 
lass or 
on
ept intended,whether or not that 
lass is represented as a 
lass in the RIM hierar
hy.
• moodCode (in A
t) further delineates the A
t instan
e as an o

urren
e, intent, goal,et
.
• determinerCode (in Entity) distinguishes whether the 
lass represents an instan
e ora kind of Entity.
• 
ode (in A
t, Entity and Role) provides for further 
lassi�
ation within a parti
ular
lassCode value, su
h as a parti
ular type of observation within the Observation 
lass.It should be noted that 
ode should be 
onsistent with the 
lassCode.The other three RIM ba
k-bone 
lasses - Parti
ipation, A
tRelationship and RoleLink -are not represented by generalization-spe
ialization hierar
hies. Nevertheless, these 
lassesrepresent a variety of 
on
epts, su
h as di�erent forms of parti
ipation or di�erent kinds ofrelationships between a
ts. These distin
tions are represented by a typeCode attribute thatis asserted for ea
h of these 
lasses. For example, the �author� 
on
ept whi
h des
ribes theparty that originates the A
t 
an be derived by assigning the �AUT� to the Parti
ipation
lass of the RIM.An example appli
ation of these RIM 
lasses with the rough adaptation of Pregnant Ob-servation Minimum Health Data Set from the National Health Data Di
tionary of Turkey[86℄ is represented in Figure 2.2. In this example, the main A
t 
lass is the �Pregnant Ob-servation� whi
h has three parti
ipations as the subje
t, performer and observer. �PregnantObservation� may be the 
ause for a �Pro
edure�. Moreover, there is a �dire
t authorityover� relationship between the performer and observer do
tors.Message Development Framework (MDF)HL7 Message Development Framework (MDF) [48℄ provides a methodology for developingHL7 messages for HL7 Version 3.0 and beyond. It is a referen
e manual that des
ribes ea
hstage of building messages, how to use the tools that support this pro
ess, and the 
on
eptsinvolved. MDF is used by members of HL7 Working Group.12



Figure 2.2: RIM 
lasses in a
tionIn HL7 Version 3, RIM is the sour
e of all message 
ontents. Figure 2.3 shows howmessage stru
tures are de�ned based on the RIM and the MDF.

Figure 2.3: Message Stru
ture Generation in HL7 Version 3
The �rst step to generate the message stru
tures from the RIM is to derive the DomainMessage Information Model (D-MIM) [22℄ whi
h is the subset of the RIM that in
ludes afully expanded set of 
lass 
lones, attributes and relationships used to 
reate messages for13



any parti
ular domain [88℄. D-MIM is derived from RIM in su
h a way that only the required
lasses, attributes and relationships for building the messages for a parti
ular domain arein
luded. Furthermore multiple spe
ializations of the same RIM 
lass may appear in adiagram with di�erent 
onstraints or asso
iations. Su
h 
lasses are 
alled as 
lones of theRIM 
lass.Next step is to build the Re�ned Message Information Model (R-MIM) [71℄ whi
h de�nesthe information 
ontent for one or more Hierar
hi
al Message Des
riptions (HMDs) [36℄.An R-MIM is derived from a D-MIM by in
luding the ne
essary 
lasses, attributes andasso
iations used in set of messages derived from the HMDs. The result of the Version 3pro
ess is the Hierar
hi
al Message De�nition (HMD) whi
h is the tabular representationof the sequen
e of elements (i.e., 
lasses, attributes and asso
iations) represented in an R-MIM. The primary goal of HMD is to de�ne the message stru
ture without referen
e to anyimplementation te
hnology.HL7 also provides an XML Implementable Te
hnology Spe
i�
ation [96℄ to express HMDin XML S
hema De�nitions (XSD) [99℄. HL7 de�nes several message stru
tures in vari-ous domains in
luding a

ount and billing, blood bank, 
lini
al genomi
s, 
laims and reim-bursement, laboratory et
. In addition, HL7 also spe
i�es Clini
al Do
ument Ar
hite
turewhi
h des
ribes the stru
ture and semanti
s of 
lini
al do
uments ex
hanged between 
areproviders.Re�nement, Constraint and Lo
alizationThe HL7 methodology uses the Referen
e Information Model (RIM) and the HL7-spe
i�edVo
abulary Domains [89℄, and the Version 3 Data Type Spe
i�
ation [18℄ as its starting point.It then establishes the rules for re�ning these base standards to arrive at the informationstru
tures that spe
ify Message Types and equivalent stru
tures in Version 3.The Re�nement, Constraint and Lo
alization [65℄ spe
i�
ation addresses:
• the �rules� and pro
esses for re�ning the standard as des
ribed in the Message De-velopment Framework (the pro
ess leading from RIM to HMD and XSD respe
tively)through 
onstraint and extension, in
luding whi
h standard artifa
ts are subje
t to
onstraint or extension
• the de�nition of 
onstraint and lo
alization pro�les
• the 
riteria for establishing a 
onforman
e statement14



A pro�le is a set of information used to do
ument system requirements or 
apabilitiesfrom an information ex
hange perspe
tive. The do
umentation is expressed in terms of
onstraints, extensions, or other alterations to a referen
ed standard or base pro�le. The
ategories of pro�les in HL7 in
lude annotation, 
onstraint, implementable, 
onforman
e,lo
alization and 
on�i
ting pro�les.All of these pro�les require the do
umentation of the formal 
onstraints, extensionsand annotations that are applied through the message development pro
ess. The allowed
onstraints and annotations that 
an be applied at ea
h step of the re�nement pro
ess aredes
ribed in the Re�nement, Constraint and Lo
alization. They fall into six broad 
ategories:
• Appearan
e 
onstraints determine whether a parti
ular element must appear in modelsor messages derived from the base model, and/or whether the element is pre
luded fromappearing therein. If an element is required, then all elements that derive from it inderived models SHALL also be required.
• Cardinality 
onstraints de�ne the number of repetitions that may o

ur for a givenelement.
• Type 
onstraints apply to attributes and asso
iations. Attributes may be 
onstrainedby more spe
i�
 data types, and asso
iations may be 
onstrained by more spe
i�
target 
lasses. The Version 3 Data Type Spe
i�
ation [18℄ de�nes all HL7 data typesand their properties. It also de�nes a spe
ialization hierar
hy of data types with theunderstanding that any spe
ialized data type in the hierar
hy may be substituted forits more general parent data type in the re�nement pro
ess. For instan
e, Entity Name(EN) is parent data type of Organization Name (ON), Person Name (PN) and TrivialName (TN).
• Vo
abulary 
onstraints limit the set of 
on
epts that 
an be taken as valid values in aninstan
e of a 
oded attribute or data type. If an attribute is derived from data typeCD (Con
ept Des
riptor) then it is a 
oded attribute and is subje
t to vo
abulary
onstraints. As an example, while sele
ting the administrative gender from a generalgender 
oding system, only �male� and �female� 
an be allowed as values by eliminating�undi�erentiated�.
• Other value 
onstraints provide for the de
laration of 
onstraints stated as text and,optionally, as testable expressions to establish �business rules�, and for the assertion ofdefault or �xed values. 15



• Annotations provide further explanations to edu
ate prospe
tive users and/or imple-menters. These are usually used to enhan
e the des
riptions of the elements of thebase spe
i�
ation.For guaranteeing interoperability, only the authorized HL7 Te
hni
al Committees 
an startthe re�nement pro
ess from the RIM and apply the abovementioned 
onstraints while theimplementers of HL7 are re
ommended to start from the HMD although R-MIM is allowedas well.Transport Spe
i�
ationsUntil Version 3, HL7 did never deal with OSI layers lower that the appli
ation layer butstarting with Version 3, HL7 be
ame interested in the transport proto
ol. The HL7 MessageTransport Spe
i�
ations [79℄ provide details as to the usage of a variety of 
ommuni
ationtransports for the ex
hange of HL7 based 
ontent, messages and do
uments.Currently HL7 v3 re
ommends three transport me
hanisms to ex
hange HL7 messages:1. Web Servi
es Pro�le [92℄2. ebXML Messaging Pro�le [26℄3. TCP/IP based Minimum Lower Layer Pro�le (MLLP) [51℄In these pro�les, HL7 provides detailed guidelines on how to implement a messaginginfrastru
ture from four perspe
tives: Basi
, Addressing, Se
urity and Reliability.2.1.2 HL7 Clini
al Do
ument Ar
hite
ture (CDA)HL7 Clini
al Do
ument Ar
hite
ture (CDA), previously 
alled Patient Re
ord Ar
hite
ture(PRA), is a do
ument markup standard that spe
i�es the stru
ture and semanti
s of a 
lini
aldo
ument (su
h as a dis
harge summary or progress note) for the purpose of ex
hange [6℄A 
lini
al do
ument in
ludes 
lini
al observations and servi
es about 
are events. A validCDA do
ument is en
oded in Extensible Markup Language (XML) and 
onforms to theCDA S
hema whi
h is derived from the CDA Hierar
hi
al Des
ription based on the XMLImplementable Te
hnology Spe
i�
ation. The CDA Hierar
hi
al Des
ription is derived fromthe CDA R-MIM through the pro
ess shown in Figure 2.3. In other words, HL7 RIM is thesour
e of the stru
ture and semanti
s of a CDA do
ument.So far, HL7 has released two versions of CDA. The CDA Release One (CDA R1) is the�rst spe
i�
ation derived from the HL7 RIM. It be
ame an ANSI approved HL7 Standard in16



2000. The CDA Release Two (CDA R2) be
ame an ANSI-approved HL7 Standard in 2005[24℄. Throughout the rest of this thesis whenever CDA is mentioned, CDA R2 is pointeda
tually.A CDA do
ument has two main parts, the header and the body. In the CDA R1, onlythe header part is derived from the RIM. In the CDA R2, in addition to the header part, the
lini
al 
ontent in the do
ument body is also derived from the RIM. Therefore the CDA R2model enables the formal representation of 
lini
al statements through CDA Entry 
lasses.A CDA header de�nes the 
ontext of the do
ument by providing information on au-thenti
ation, the en
ounter, the patient, and the involved providers whereas the CDA bodyin
ludes the 
lini
al report. The body part 
an be either an unstru
tured blob or a stru
-tured hierar
hy whi
h involves one or more se
tion 
omponents. Within a se
tion, narrativeblo
ks and CDA entries are de�ned. Ma
hine-pro
essable 
lini
al statements are representedby these CDA entries whereas the narrative blo
ks are human readable forms of these 
lini
alstatements. Figure 2.4 [6℄ depi
ts the major 
omponents of a CDA do
ument.<Clini
alDo
ument>... CDA Header ...<stru
turedBody><se
tion><text>...</text><observation>...</observation><substan
eAdministration><supply>...</supply></substan
eAdministration><observation><externalObservation>...</externalObservation></observation></se
tion><se
tion><se
tion>...</se
tion></se
tion></stru
turedBody></Clini
alDo
ument> Figure 2.4: Major 
omponents of a CDA do
ument
The �Clini
alDo
ument� is the root element of the do
ument. The header is de�nedbetween the <Clini
alDo
ument> and the <stru
turedBody> tags. Se
tions reside in the17



�stru
turedBody� element. Ea
h se
tion 
an 
ontain a single narrative blo
k lo
ated in the�text� element. A narrative blo
k is the human readable portion of the se
tion when renderedwith an appropriate stylesheet. Se
tion also 
ontains CDA entries whi
h are used to representstru
tured 
ontent. CDA entries are ma
hine-pro
essable portions of the se
tions.CDA entries are derived from the shared HL7 Clini
al Statement Model [15℄ whi
h pro-vides a 
onsistent representation of 
lini
al statements a
ross various Version 3 spe
i�
ations.The model des
ribes the 
lini
al statements using the following entry 
lasses whi
h are de-rived from the RIM 
lasses:
• A
t is derived from the RIM A
t 
lass. It is a generi
 purpose 
lass whi
h is used whenthe other more spe
i�
 
lasses of the model are not appropriate for de�ning the 
lini
alinformation.
• Observation is derived from the RIM Observation 
lass. It is used for representing
lini
al observations.
• ObservationMedia is derived from the RIMObservation 
lass. It is used for representingmultimedia whi
h is logi
ally part of the do
ument.
• Substan
eAdministration is derived from the RIM Substan
eAdministration 
lass. Itis used for representing medi
ation related events.
• Supply is derived from the RIM Supply 
lass. It is used for representing the provisionof a material between entities.
• Pro
edure is derived from the RIM Pro
edure 
lass. It is used for representing pro
e-dures.
• RegionOfInterest is derived from the RIM Observation 
lass. It is used for referen
ingspe
i�
 regions in images.
• En
ounter is derived from the RIM PatientEn
ounter 
lass. It is used for representingthe intera
tion between a patient and 
are provider.
• Organizer is derived from the RIM A
t 
lass. It is used for grouping 
lini
al statementshaving a 
ommon 
ontext.Figure 2.5 gives a sample CDA se
tion des
ribing a physi
al examination of the skinin whi
h a rash is identi�ed. The �text� element of the se
tion narratively des
ribes theexamination. Then the �entry� element 
ontains 
lini
al statements des
ribing the physi
al18



examination of the skin in more detail in terms of 
oded values. A region of interest isdes
ribed using RegionOfInterest entry 
lass whi
h is further related to a hand image takenfrom an image library.As it 
an be seen in Figure 2.5, the se
tion element is 
oded with a value from LOINC
oding system [47℄ and the observation element is 
oded with a value from the SNOMEDCT 
oding system [75℄ whi
h a
tually means �rash�.The generi
 CDA spe
i�
ation 
an be 
onstrained through the do
ument-level, se
tion-level and entry-level templates. The un
onstrained CDA spe
i�
ation is 
alled �CDA LevelOne�. When se
tion-level templates are applied to an un
onstrained CDA do
ument, it is
alled �CDA Level Two�. �CDA Level Three� is the CDA spe
i�
ation with entry-level (andoptionally se
tion-level) templates applied.In our ar
hite
ture, �rst of all, CDA R2 
onformant do
uments are being generated fromthe �Transmission S
hema� instan
es of National Health Information System of Turkey. Thelo
al 
oded elements appearing in those CDA do
uments are being automati
ally translatedto universal variants as well and �nally, CEN EN 13606-1 
onformant EHRs are beinggenerated from CDA instan
es.2.2 CEN EN 13606CEN/TC 251 [77℄ is the te
hni
al 
ommittee on Health Informati
s of the European Com-mittee for Standardization (CEN) [10℄. Its mission is to a
hieve 
ompatibility and interop-erability between independent health systems and to enable modularity by means of stan-dardization.The CEN Prestandard ENV 13606:2000 Ele
troni
 Health
are Re
ord Communi
ation[13℄ is a message-based standard for the ex
hange of ele
troni
 health
are re
ords. Thestandard de�nes an EHR information model and does not attempt to spe
ify a 
omplete EHRsystem; it fo
uses instead on the interfa
es. ENV 13606 was intended to be the �rst fully-implementable EHR standard but only subsets of it were implemented in some European
ountries [28℄. These implementation experien
es showed its uselessness espe
ially relatedwith the optionality problem.In 2001, CEN/TC 251 de
ided to revise ENV 13606 into a full European Standard,taking into a

ount the existing implementation experien
e and to adopt the openEHR[61℄ ar
hetype methodology with the name EN 13606, also known as Ele
troni
 Health
areRe
ord Communi
ation (EHR
om). CEN EN 13606 
onsists of �ve parts:19



<se
tion><
ode 
ode="8709-8" 
odeSystem="2.16.840.1.113883.6.1"
odeSystemName="LOINC"/><title>Skin Exam</title><text>Erythematous rash, palmar surfa
e, left indexfinger.<renderMultiMedia referen
edObje
t="MM2"/></text><entry><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="271807003" 
odeSystem="2.16.840.1.113883.6.96"
odeSystemName="SNOMED CT" displayName="Rash"/><statusCode 
ode="
ompleted"/><targetSiteCode 
ode="48856004" 
odeSystem="2.16.840.1.113883.6.96"
odeSystemName="SNOMED CT"displayName="Skin of palmer surfa
e of index finger"><qualifier><name 
ode="78615007" 
odeSystem="2.16.840.1.113883.6.96"displayName="with laterality"/><value 
ode="7771000" 
odeSystem="2.16.840.1.113883.6.96"displayName="left"/></qualifier></targetSiteCode><entryRelationship typeCode="SPRT"><regionOfInterest 
lassCode="ROIOVL" moodCode="EVN" ID="MM2"><id root="2.16.840.1.113883.19.3.1"/><
ode 
ode="ELLIPSE"/><value value="3"/><!-- .. --><value value="4"/><entryRelationship typeCode="SUBJ"><observationMedia 
lassCode="OBS" moodCode="EVN"><id root="2.16.840.1.113883.19.2.1"/><value mediaType="image/jpeg"><referen
e value="lefthand.jpeg"/></value></observationMedia></entryRelationship></regionOfInterest></entryRelationship></observation></entry></se
tion> Figure 2.5: A Sample CDA Se
tion a Skin Care Exam Event
20



1. Referen
e Model spe
i�es the information ar
hite
ture of the EHR data ex
hangedbetween systems and servi
es.2. Ar
hetypes Inter
hange Spe
i�
ation spe
i�es the Ar
hetype Model and the languagewhi
h are used to 
onstrain the data.3. Referen
e Ar
hetypes and Term Lists presents some referen
e ar
hetypes and spe
i�esthe 
ode lists whi
h are used with the standard.4. Se
urity spe
i�es the privileges and regulations ne
essary to a

ess data.5. Interfa
e Spe
i�
ation de�nes a set of interfa
es by whi
h the artifa
ts de�ned in 13606Parts 1, 2 and 4 may be requested and provided.Currently, Parts 1 to 4 are published standards and Part 5 is at the �nal stages of theballoting phase. The referen
e model involves four pa
kages: EXTRACT, DEMOGRAPH-ICS, SUPPORT and PRIMITIVES. The last two pa
kages are related with the data types.The DEMOGRAPHICS pa
kage provides a minimal data set to de�ne the various persons,software agents, devi
es and organizations that are referen
ed within the EHR extra
t. TheEXTRACT pa
kage de�nes the root 
lass of the referen
e model; EHR EXTRACT. The mainhierar
hy 
omponents (
lasses) of the EHR Extra
t Referen
e Model are given in Table 2.1[11℄ together with some examples.An EHR-Extra
t is the root 
lass of part or all of the EHRs of a single patient. It 
ontainszero or more Folders while Folders may have nested Folders. A Composition resides in aFolder via links or dire
tly in the EHR-Extra
t. Se
tions are 
ontained in Compositions whileSe
tions may have nested Se
tions. An Entry is either 
ontained within a Composition orlo
ated under a Se
tion. An Entry 
ontains Element instan
es whi
h are optionally 
ontainedwithin a Cluster hierar
hy.In CEN EN 13606-1, a 
lini
al statement 
an be represented by an Entry hierar
hy. AnEntry 
annot 
ontain further Entry 
lasses but it is possible to referen
e other Entry 
lassesvia links. Complex data stru
tures su
h as a table, a tree or a time series are representedby Clusters. The leaf node of the EHR-Extra
t hierar
hy is the Element 
lass whi
h holdsa single data value.Part 3 of the 13606 standard also provides mappings for some of the HL7 Clini
al State-ment 
lasses su
h as A
t, Pro
edure and Supply. In our ar
hite
ture, CDA R2 
onformantEHR instan
es are automati
ally transformed to CEN EN 13606-1 
onformant EHR in-stan
es, whi
h has never been done before. Our system is one of the �rst implementations21



Table 2.1: Main hierar
hy 
omponents of the EHR Extra
t Referen
e Model

of the CEN EN 13606 as well.For more information on EHR standards su
h as HL7 CDA, CEN EN 13606 or openEHR,a survey and analysis of EHR standards by Ei
helberg et. al. [28℄ 
an be studied.2.3 Medi
al Terminologies and Terminology ServersTerminologies are a 
olle
tion of terms or 
on
epts with subsumption relationships betweenthem, whi
h are used to build a 
lassi�
ation hierar
hy of 
on
epts. Terminologies providea framework within whi
h 
ommunities 
an 
ommuni
ate and express ideas in a 
onsistentmanner and fa
ilitate unambiguous information sharing [4℄. Medi
ine has a long traditionin stru
turing its domain knowledge through terminologies and 
oding s
hemes for diseases,medi
al pro
edures and anatomi
al terms su
h as SNOMED [75℄, LOINC [47℄, READ Codes[62℄, MeSH [50℄ and ICD-10 [39℄. Many EHR standards su
h as HL7 CDA and CEN EHR
omen
ourage the usage of 
lini
al terms based on universal or lo
al terminology systems. Somewell-known universal terminology systems that are also used in our work are:22



• SNOMED (Systematized Nomen
lature of Medi
ine) [75℄, is a systemati
ally organized
omputer pro
essable 
olle
tion of medi
al terminology 
overing most areas of 
lini
alinformation su
h as diseases, �ndings, pro
edures, mi
roorganisms, and pharma
euti-
als. It allows a 
onsistent way to index, store, retrieve, and aggregate 
lini
al dataa
ross spe
ialties and sites of 
are. SNOMED Clini
al Terms (CT) is a 
ompositional
on
ept system based on Des
ription Logi
 [21℄, whi
h means that 
on
epts 
an bespe
ialised by 
ombinations with other 
on
epts.
• Logi
al Observation Identi�ers Names and Codes (LOINC) [47℄ appeared as a universalstandard for identifying laboratory observations and 
lini
al results. Sin
e its in
eption,it has expanded to in
lude not just medi
al and laboratory 
ode names, but alsonursing diagnosis, nursing interventions, out
omes 
lassi�
ation, and patient 
are dataset. It also in
ludes do
ument 
odes spe
ifying the parti
ular kind of do
ument (e.g.History and Physi
al, Dis
harge Summary, Progress Note) that are very important forannotating the meaning of HL7 CDA se
tions.
• The International Statisti
al Classi�
ation of Diseases and Related Health Problems10th Revision (ICD-10) [39℄ is a 
oding of diseases and signs, symptoms, abnormal�ndings, 
omplaints, so
ial 
ir
umstan
es and external 
auses of injury or diseases, as
lassi�ed by the World Health Organization (WHO) [91℄. It is being 
ommonly usedin Turkey for a long time.
• READ Codes [62℄ are a 
oded thesaurus of 
lini
al terms whi
h enable 
lini
ians tomake e�e
tive use of 
omputer systems. The 
odes fa
ilitate the a

ess of informationwithin patient re
ords to enable reporting, auditing, resear
h, automation of repetitivetasks, ele
troni
 
ommuni
ation and de
ision support.
• Medi
al Subje
t Headings (MeSH) [50℄ is a huge 
ontrolled vo
abulary for the purposeof indexing journal arti
les and books in the life s
ien
es. MeSH vo
abulary is 
reatedand updated by the United States National Library of Medi
ine (NLM) [85℄.Sin
e the available medi
al 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 [73℄. This 
reated the need for homogeneous multi-purpose Clini
al TerminologyServers that try to allow the 
onsistent and 
omparable entry of 
lini
al data, e.g. patientobservations, �ndings and events. 23



A Clini
al Terminology Server usually provides the following servi
es to 
lient appli
a-tions:
• management of external referen
es to 
lini
al 
on
epts
• management of internal representations of 
lini
al 
on
epts
• mapping natural language to 
lini
al 
on
epts
• mapping 
lini
al 
on
epts to medi
al 
lassi�
ation s
hemes
• management of extrinsi
 information about 
lini
al 
on
eptsThe Uni�ed Medi
al Language System (UMLS) [81℄ is one of su
h 
lini
al terminologyservers. It is a 
ontrolled 
ompendium of many medi
al vo
abularies, also providing a map-ping stru
ture between them. The UMLS is 
omposed of three main knowledge 
omponents:Metathesaurus, Semanti
 Network and SPECIALIST Lexi
on:
• The Metathesaurus forms the base of the UMLS and it 
omprises over one millionbiomedi
al 
on
epts and �ve million 
on
ept names, all of whi
h are from over a hun-dred 
ontrolled vo
abularies and 
lassi�
ation systems su
h as ICD-10, SNOMED andLOINC. The purpose of the Metathesaurus is to provide a basis of 
ontext and inter-
ontext relationships between these various 
oding systems and vo
abularies to providea 
ommon basis of information ex
hange among the variety of 
lini
al systems.
• The UMLS Semanti
 Network is designed to 
ategorize 
on
epts in the UMLS Metathe-saurus and provide relationships among the 
on
epts. It has 135 semanti
 types and54 semanti
 relationships.
• The SPECIALIST Lexi
on 
ontains synta
ti
 (how words are put together to 
reatemeaning), morphologi
al (form and stru
ture) and orthographi
 (spelling) informationfor biomedi
al terms.GALEN [31℄ is another 
lini
al terminology server whi
h de�nes medi
al 
on
epts in ades
riptive logi
s model, 
alled GRAIL, supporting subsumption.In our ar
hite
ture UMLS Metathesaurus is used for automati
ally universalizing thelo
al 
oded values that exist within the National Health Information System of Turkeymessages.
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2.4 National Health Information System of TurkeyIn Turkey, the Health Transformation Programme [78℄ was laun
hed in 2003 and eHealthis one of the most 
riti
al a
tions presented in the a
tion plan of the programme. Thisprogramme boosted the developments in eHealth at the national level. As a result, eHealthProje
t of Turkey has begun.Turkey's National Health Information System (NHIS) Proje
t [29℄ was initiated on Jan-uary 30, 2003 with the parti
ipation of representatives from governmental institutions, non-governmental organizations, universities and the private se
tor under the 
oordination ofMinistry of Health in order to establish 
ooperation among the se
tors and national healthinformation system's infrastru
ture.NHIS to be established with the 
ontribution of all the a
tors working in the health se
torin the 
ountry is based on sharing a fun
tional database whi
h is a

essible by authorizedpeople and institutions with de�ned a

ess rights, that 
overs all the 
itizens and in whi
hea
h individual 
an rea
h his/her information that 
onsists of all the data 
on
erning thehealth from the birth and throughout his/her life on a spine of 
ommuni
ation networkwith high bandwidth throughout the entire 
ountry and using the te
hnologies rea
hingtelemedi
ine appli
ations in professional pra
ti
e.Based on the pre-de�ned goals of NHIS, several a
hievements have been done whi
h aresummarized in the following se
tions. More information is available in our publi
ations [37℄and [105℄.Saglik-Net: The National Health NetworkSaglik-Net is the 
onversion of the existing LAN-WAN into a true health network platformproviding linkages, servi
es and data repositories (e.g. minimum data sets of Ele
troni
Health
are Re
ords) to all authorized parties in the health se
tor. This National HealthPlatform should be re
ognized, respe
ted and trusted as the se
ure national platform foreverything that is Health Information, either systems or servi
es or both.Saglik-Net is operational now and it is still being developed. The NHIS is built uponSaglik-Net and as of July 2007, the progress is as presented in Figure 2.6.As shown in Figure 2.6, the National Health Data Di
tionary (Ulusal Sa§l�k Veri Sözlü§ü,USVS) [86℄, the Health Coding Referen
e Server (Sa§l�k Kodlama Referans Sunu
usu, SKRS)[74℄, lega
y systems (e.g. Personnel, Finan
ing, Health Statisti
s) and some network man-agement 
omponents are already 
onne
ted to the Saglik-Net. Telemedi
ine appli
ations25



Figure 2.6: Saglik-Net as of July 2007and the more 
omprehensive digital se
urity me
hanisms on top of the 
urrent Web Servi
esSe
urity module are about to be 
onne
ted. Among the users of the network, 
urrently onlythe Family Medi
ine Information System (FMIS) is fully 
onne
ted, whereas the rest of users(primary, se
ondary, tertiary health
are providers, payer institutions, et
.) will start 
on-ne
ting by September 30th, 2008. The software 
ompanies in Turkey have to 
omply withthe standards developed by the Ministry of Health. In this way, interoperability among NHISservers and various Hospital/Laboratory/Clini
/et
. information systems are provided. TheEle
troni
 Health
are Re
ords are based on HL7 Clini
al Do
ument Ar
hite
ture (CDA) anduse the National Health Data Di
tionary, and the relevant 
oding systems.It is expe
ted that latest by year 2009, all the nodes in Figure 2.6 are fully 
onne
tedto Saglik-Net. In the following se
tions, the major 
omponents of the Saglik-Net, some ofwhi
h are abovementioned, are des
ribed.The Health Coding Referen
e Server (HCRS)In order to provide 
ommon 
oding/
lassi�
ation systems that are available to all health
areplayers, MoH Department of Information Pro
essing developed the Health Coding Referen
eServer (HCRS) [74℄ whi
h en
apsulates all the international and national 
oding systems used26



in Turkey within a publi
ly a

essible server.Some of the 
oding systems available from HCRS are ICD-10 [39℄, Drugs, ATC (Anatomi
,Therapeuti
, and Chemi
al Classi�
ation System), Asso
iations, Clini
s, Spe
ializations,Careers, Health Appli
ation Instru
tions, Supplies, Va

ines, Baby Monitoring Calendar,Pregnant Monitoring Calendar, Child Monitoring S
hedule and Parameters.The 
urrent version of HCRS is 2.0 and it is shared online through Web Servi
es (throughSOAP [76℄ requests and responses) that are available at the address: http://212.175.169.157-/SKRSServis2/servi
e.asmx. A tabular form that allows querying through Web browsers isalso available at the address: http://sbu.saglik.gov.tr/SKRS2_Listesi/.The 
on
ept of Health Coding Referen
e Server (HCRS) is similar to the �vo
abularydomain / value set� me
hanism of HL7 v3. All the software 
ompanies doing business forTurkish health market are obliged to use the HCRS in their software and to design theirprodu
ts for fast adaptation to the latest updates in the HCRS, latest in 7 days from thedate of update.The National Health Data Di
tionary (NHDD)The National Health Data Di
tionary (NHDD) [86℄ is developed to enable the parties to sharethe same meaning of data, and use them for the same purpose. The data whose de�nitionand format determined within the NHDD establishes a referen
e for the information systemsused at health institutions. Thus, the 
ontent interoperability among di�erent appli
ationsis provided through the NHDD. The stable versions of NHDD will be annually revised toin
lude improvements as 
omments are re
eived from the �eld.NHDD is 
omposed of data sets and data elements 
onforming to ISO/IEC 11179-4Standard [42℄. Currently, there are 46 Minimum Health Data Sets and 261 data elements.Some example data elements are:
• Address
• Name
• Main Diagnosis
• Va

ination
• Treatment Method
• Diastoli
 Blood Pressure 27



• Health
are Institution
• Marital StatusThe data groups used for data 
olle
tion are 
alled Minimum Health Data Set (MHDS)and are formed from the NHDD as shown in Figure 2.7. In other words, MHDSs de�nethe data sets whi
h emerge at the time of presenting a 
ertain servi
e, for example, InfantMonitoring Data Set or Pregnant Monitoring Data Set. Currently Health MHDSs are 
om-pleted and work is in progress for developing the other two sets, namely, Administrative andFinan
ial.MHDSs yet 
over the most 
riti
al health data but in the future, these data sets will beextended to the full Ele
troni
 Health
are Re
ord s
hemas. Some example MHDS are:
• Citizen/Foreigner Registration MHDS
• Medi
al Examination MHDS
• Pres
ription MHDS
• Pregnant Monitoring MHDS
• Can
er MHDS
• Inpatient MHDSMHDS has a 
hanging and updateable stru
ture. In other words, as more data is 
olle
tedfrom the �eld, MHDS will be updated in 
ertain periods to meet the new needs.Currently, the MHDSs are being used for the National De
ision Support System thatenables the analysis of health data with methods su
h as data mining to determine thehealth poli
ies of the MoH, Turkey.The data elements within the Minimum Health Data Sets are mostly 
oded with 
odingsystems and all these 
oding systems are available at the Health Coding Referen
e Server(HCRS). If a data element is de�ned in the National Health Data Di
tionary as 
oded or
lassi�ed, then the related 
oding/
lassi�
ation system is given both within the de�nitionof the data element and in the �HCRS System Code� �eld. There are two possibilities for a
oded element: either the value is gathered from a 
oding system su
h as ICD-10, health
areinstitutions, spe
ialties, et
. or the value is of parametri
 kind su
h as gender, or maritalstatus. 28



Figure 2.7: Minimum Health Data Sets in the NHDDThe Health
are Professional RegistryMinistry of Health is authorized to provide the work li
enses to the physi
ians in Turkey.The diploma/spe
ialty information of the medi
al professionals is re
orded together withtheir Turkish 
itizenship numbers in the Do
tor Data Bank (DDB) [19℄. As of O
tober2007, there are 162,446 registered do
tors in the data bank. This in
ludes all the physi
ianswho obtained a li
ense sin
e 1923.The Do
tor Data Bank, that is, the Health
are Professional Registry serves two pur-poses: The �rst one is that most of the payment providers 
ontrol the health servi
e and thepres
riptions a

ording to the physi
ians' spe
ialty. For example, when a rule indi
ates thatonly the physi
ians with a 
ertain spe
ialty 
an pres
ribe 
ertain medi
ines, it be
omes pos-sible to 
he
k whether the do
tor who has signed the pres
ription has the required spe
ialty.The related institutions signed an o�
ial proto
ol and started their implementations basedon DDB in the last quarter of 2006. The se
ond use of the DDB will be for authorizinga

ess to the EHRs of the patients a

ording to patient 
onsent.Data Colle
tion and Sharing in the National Health Information SystemThe National Health Data Di
tionary, the Minimum Health Data Sets and the Health CodingReferen
e Server provide the information spa
e used in the messages to be ex
hanged between29



the peripheral systems and National Health Information System. It should be noted thatthese data sets do not have a wire format and the most important de
ision to be taken at su
hnation-wide proje
ts is whether to use a standard format. Most of the time, standards do not
over all of the identi�ed information requirements in a proje
t; therefore, the implementers
hoose to develop their own proprietary format instead of a standard format. However, thisde
reases interoperability. In the National Health Information System, HL7 v3 is sele
tedbe
ause of the following reasons:
• HL7 is the most widely used ele
troni
 health
are standard. Although, National HealthInformation System is to be used lo
ally in Turkey, when it 
omes to 
ommuni
ate withother 
ountries, the systems should be ready.
• After the 
ompletion of the NHIS, all of the medi
al information systems used in thenation-wide health
are institutes should be adapted to 
ommuni
ate with the NHIS.Being based on a widely-used standard will fa
ilitate the interoperability to a largeextent.
• HL7 v3 provides me
hanisms to extend the messages a

ording to the requirements ofa proje
t.
• Spe
i�
ally, the version 3 of the HL7 standard is sele
ted rather than HL7 v2.x be
auseof optionality problems of v2.x. Additionally, HL7 v3 is a standard whose 
onforman
e
an be tested. In other words, it be
omes possible to test the software 
lients runningon the peripheral medi
al institutes that provide data to the NHIS servers. This is notpossible in the 2.x versions of HL7.In the following se
tions, the details of the implementation are presented.Development of the Transmission S
hemasIn the 
urrent version of the NHIS, the Transmission S
hema instan
es are regarded asHL7 v3 messages and lo
alized a

ording to the Turkey's HL7 Pro�le [30℄.Generally, the �Transmission S
hemas� 
ontain a main Minimum Health Data Set (fromwhi
h the transmission s
hema is named after) and a set of auxiliary MHDSs that helps theinterpretation of the main MHDS. An example transmission s
hema for �Examination� de-�ned in the National Health Data Di
tionary is shown in Figure 2.8 where the �Examination�data set is sent together with the �Newborn Registration� or �Citizen/Foreigner Registra-tion� data sets. Furthermore, �Patient Admission� and �Patient Dis
harge� data sets are also30



required. If there are any �Test Result� data sets or �Pres
ription� data sets, they are alsosent along with the �Examination� data set.

Figure 2.8: The Examination Transmission S
hema from the NHDD
During the lo
alization pro
ess, the rules whi
h are set in the �HL7 Re�nement, Con-straint and Lo
alization� [65℄ are applied. In other words, the CDA R-MIM [8℄ is edited andthen 
onverted to HMD [36℄ and XSD [99℄, respe
tively. However, the original HL7 CDAs
hemas are modi�ed whi
h breaks the CDA 
onforman
e of NHIS Transmission S
hemas,sin
e a 
onformant CDA do
ument should at a minimum validate against the CDA S
hema[7℄. However, sin
e the messages are derived from CDA R-MIM, the 
urrent versions of NHISEHRs are based on HL7 v3 CDA R2.It should be noted that there is no spe
i�
 HL7 v3 Domain for all of the TransmissionS
hemas. For example, there is no HL7 Domain that is suitable for �Pregnant Psy
hoso-
ial Observation� or �Communi
able Disease Probable Case Noti�
ation�. Therefore, theCDA, whi
h provides a generi
 me
hanism to identify the 
ontents of ele
troni
 health
aredo
uments, is sele
ted as the wire format.The transmission s
hemas are generated as follows: First, three new 
ode systems are
reated in whi
h there is a unique 
ode for ea
h of the artifa
ts:1. NHIS Do
ument Type Code System (Do
umentType-CS) gives the 
odes for the�Transmission S
hemas�.2. NHIS Data Set Code System (DataSet-CS) 
ontains the 
odes for data sets in MHDS(Minimum Health Data Sets). 31



3. NHIS Data Se
tion Code System (DataSe
tion-CS) spe
i�es the 
odes for data ele-ments in NHDD (National Health Data Di
tionary).<examination 
lassCode="DOCCLIN" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.3" extension="11333439-08ab-42
5-e
2d-17064
153456" /><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.1" 
odeSystemName="Döküman Tipi"
odeSystemVersion="1.0" displayName="Muayene MSVS (Vatanda³/Yaban
�)" />Figure 2.9: The Beginning of the Examination Transmission S
hema
Ea
h �Transmission S
hema� is wrapped with a root element named after the maindata set in the transmission. For example, as shown in Figure 2.9, the root tag of the�Examination Transmission S
hema� is <examination>. In this example, the do
umenttype (�Doküman Tipi� in Turkish) is �Examination� (�MUAYENE� in Turkish) and this
ode is obtained from the Do
umentType-CS Code System whose obje
t identi�er (OID) is�2.16.840.1.113883.3.129.2.2.1�.<examinationDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="4e7e0004-8e9e-44d2-9a9e-099d071e646a" /><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Muayene Veriseti" />Figure 2.10: An Example First-level Se
tion for the Examination TS
The �Data Sets� in the �Transmission S
hemas� 
orrespond to the �rst-level �Se
tions� inthe CDA. The name of the opening tag of the �Data Set� is obtained by 
on
atenating thename of the dataset with the �Dataset� keyword. The �
ode� of a �Data Set� is retrieved fromthe DataSet-CS Code System. For instan
e, in the example given in Figure 2.10, the openingtag is <examinationDataset> and the 
ode is spe
i�ed as �Examination� (�MUAYENE�).This 
ode is obtained from the DataSet-CS (�Veriseti�) Code System whose obje
t identi�er(OID) is �2.16.840.1.113883.3.129.2.2.2�.The data se
tions that wrap the NHDD data elements are represented by nesting new�se
tion� elements in the data set's �se
tion� elements. The opening tag of a data se
tion isobtained by 
on
atenating the data element's name with the �se
tion� keyword. For example,32



the diagnosis (�TANI� in Turkish) data element is introdu
ed to the examination data setwith the <diagnosisSe
tion> XML element as shown in Figure 2.11.<examinationDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="4e7e0004-8e9e-44d2-9a9e-099d071e646a" /><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Muayene Veriseti" />...<diagnosisSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="6
4b1e87-
4f4-42b0-aaeb-05e23a77ed5a" /><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri Kismi"
odeSystemVersion="1.0" displayName="Tani Versinin Oldugu Bolum" /><text>Hastada vaskuler bagirsak bozuklugu teshis edilmistir.</text><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><diagnosis moodCode="EVN" 
lassCode="OBS">...<value 
ode="K55" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="BARSA�IN VASKÜLER BOZUKLUKLARI" /></diagnosis></
omponent></diagnosisSe
tion>... Figure 2.11: An Example Se
ond-level Se
tion for the Examination TS
As shown in Figure 2.11, the �
ode� of this �diagnosisSe
tion� is �TANI� whi
h is obtainedfrom the DataSe
tion-CS Code System whose OID is �2.16.840.1.113883.3.129.2.2.3�. Thevalue of this data element is set in the �diagnosis� element under the �
omponent� element.The �diagnosis� element is derived from the RIM Observation (OBS) Class, and its value isretrieved from ICD-10 
ode system. In other words, the values for the data elements aregiven with CDA Entry 
lasses su
h as Observation or Pro
edure and they are asso
iated tothe related �se
tion� element through the �
omponent� element.Figure 2.12 summarizes the relationships between the artifa
ts of NHDD, the �Trans-mission S
hemas� and the HL7 CDA R2. On
e this mapping is de�ned, the 
onstraintsimplied through these mappings are re�e
ted to the s
hemas by modifying the CDA LevelOne s
hema.This mapping also brie�y summarizes the 
hanges that are applied to the original HL7CDA R2 s
hema. In our work, we have developed an Adaptor that automati
ally generatesHL7 CDA R2 
onformant do
uments from the �Transmission S
hema� instan
es.33



Figure 2.12: Mapping NHDD Con
epts to HL7 v3 CDA R2Development of the Communi
ation Infrastru
tureA �Transmission S
hema� instan
e 
onstitutes a message's payload. In other words,�Transmission S
hema� instan
es should be en
apsulated in messages. For this purpose,�HL7 Transmission and Control A
t Wrapper� is used. The transmission wrapper providesinformation on the id, 
reation time, sender, re
eiver of the message. The sender and re
eiverblo
k 
ontains the logi
al id of the sender and the re
eiver. When the transport softwaretransmits the message, they are 
onverted to the real physi
al addresses. In other words, thisinformation is used by the appli
ation level software to 
onvey the sender/re
eiver informa-tion to the transport software. Example Transmission Wrapper and Control A
t Wrapper
an be found in Figure 2.13.As it is des
ribed in Se
tion 2.1.1, HL7 Version 3 provides three transport spe
i�
ations- ebXML, Web Servi
es and MLLP - for the ex
hange of HL7 based 
ontent, messagesand do
uments. Among them, Web Servi
es Pro�le is the most promising, as it is basedon widely-used Web Servi
es Te
hnology. Therefore, in the National Health InformationSystem implementation, Web Servi
es Pro�le is used for the 
ommuni
ation infrastru
ture.The Basi
 Pro�le and the Se
urity Pro�le of Web Servi
e Pro�le have been implemented.For se
urity, WS-Se
urity Username Token Pro�le [93℄ over Se
ure So
kets Layer (SSL) is34



<MCCI_IN000001TR01 xmlns="urn:hl7-org:v3"><id root="2.16.840.1.113883.3.129.2.1.2" extension="5b50d046-b567-4fba-a365-60
220
9fae1" /><
reationTime value="20080402102643" /><responseModeCode 
ode="Q" /><intera
tionId root="2.16.840.1.113883.3.129.2.1.1" extension="MCCI_IN000001TR01" /><pro
essingCode 
ode="P" /><pro
essingModeCode 
ode="T" /><a

eptA
kCode 
ode="AL" /><re
eiver typeCode="RCV"><devi
e 
lassCode="DEV" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.5" extension="USBS" /></devi
e></re
eiver><sender typeCode="SND"><devi
e 
lassCode="DEV" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.5" extension="SRDC-Deneme" /></devi
e></sender><
ontrolA
tEvent 
lassCode="CACT" moodCode="EVN"><subje
t typeCode="SUBJ"><!-- CDA based Transmission S
hema instan
e --><examination 
lassCode="DOCCLIN" moodCode="EVN">...Figure 2.13: Example Transmission Wrapper and Control A
t Wrapper from the NHISused.Details of NHIS Web Servi
esIn the 
urrent version of the NHIS implementation there are 25 HL7 Web Servi
es. Theseare: �15-49 Age Female Observation�, �Mouth and Teeth Examination�, �Va

ine Noti�
a-tion�, �Infant Nutrition�, �Infant Observation�, �Infant Psy
hoso
ial Observation�, �Commu-ni
able Disease De�nite Case Noti�
ation�, �Communi
able Disease Probable Case Noti�
a-tion�, �Diabetes�, �Dialysis Noti�
ation�, �Dialysis Observation�, �Birth Noti�
ation�, �Preg-nant Observation�, �Pregnan
y Termination�, �Pregnant Psy
hoso
ial Observation�, �PatientDemographi
s Noti�
ation�, �Can
er�, �Puerperal Observation�, �Examination�, �Death No-ti�
ation�, �Test Result�, �Citizen/Foreigner Registration�, �Stateless Person Registration�,�Newborn Registration� and �Inpatient�.Almost for ea
h HL7 Web Servi
e there are four operations; namely �Insertion�, �Update�,�Deletion� and �Query� operations. All of these individual operations are syn
hronous butoverall, the NHIS behaves asyn
hronously. The 
lients, whi
h are the vendor appli
ationsdeployed at health
are organizations' premises, send their �Transmission S
hema� instan
es35



through the insertion operation. This operation performs only syntax validation against therelated s
hema and responds with an a
knowledgement about the result of the validation.If the invo
ation of the �rst operation is su

essful, then the message is stored at the NHISservers for detailed pro
essing. This detailed pro
essing involves the semanti
 validation ofthe 
ontent of the message, whi
h is brie�y des
ribed in the following �Validation of theTransmission S
hema Instan
es� se
tion. Then, at any time, the 
lient invokes the queryoperation to query the semanti
 validation result by using the previously sent do
ument'sUniversally Unique Identi�er (UUID) [87℄. If the detailed 
ontent pro
essing of the do
umentis su

essful, a positive a
knowledgement is re
eived from the query operation; otherwise, theerrors en
ountered in the semanti
 validation phase are reported to the user. The 
lients arealso able to update and delete the previously inserted do
uments with the help of update anddelete operations. The UML Intera
tion Diagram of NHIS HL7 Web Servi
es in Figure 2.14shows these intera
tions and the appli
ation roles used in Turkey.

Figure 2.14: Intera
tion Diagram of NHIS HL7 Web Servi
es
Apart from the HL7 Web Servi
es, there are 16 more Web Servi
es that neither theservi
es nor their 
ontent 
onform to HL7 or any other eHealth standard. These are nativesyn
hronous Web Servi
es usually developed for some risky 
ommuni
able diseases. �Malaria36



Noti�
ation� and �Tuber
ulosis Noti�
ation� are two su
h examples. They have Web-basedforms on the MoH 
entral servers as well and it is expe
ted that health
are professionals willsend these 
omparably rare observations through these forms. These primitive Web Servi
esare not within the s
ope of our work and throughout the rest of this do
ument wheneverNHIS Web Servi
es are mentioned, NHIS HL7 Web Servi
es are meant.Validation of the Transmission S
hema Instan
esA two phase validation te
hnique is applied for the validation of the in
oming messages tothe NHIS. In the �rst phase, whi
h is 
alled syntax validation phase, an in
oming do
umentinstan
e is validated against the related XML S
hema De�nition (XSD) of the �TransmissionS
hema� by the greeting operations; namely the insertion and update operations. If su

ess-ful, the message is 
onveyed to the se
ond phase whi
h is 
alled the semanti
 validationphase.The semanti
 validation phase 
he
ks the values in the data elements and the relationshipsbetween them. The semanti
 
onstraints are 
ategorized into �ve 
lasses:1. MERNIS Central Demographi
s Management System: In Turkey, every 
itizen has aunique identi�er and these identi�ers are maintained in a system 
alled MERNIS (Cen-tral Demographi
s Management System) [49℄. The patient identi�ers in the messagesshould be validated against this system.2. Do
tor Data Bank (DDB): The identi�ers of the health
are professionals that appearin the messages should be validated against this DDB.3. Value formats: Values of some data elements should obey some spe
i�
 formats. Asan example, HL7 date 
an be of the form YYYYMMDD.4. Coded elements: The 
oded elements should have values from the Health Coding Ref-eren
e Server (HCRS).5. Business rules: There are some rules among the message elements su
h as the exam-ination end date should be later than the examination begin date. There are more
omplex 
lini
al business rules as well. These rules are de�ned and do
umented [40℄in 
ollaboration with the health
are professionals and the administrative sta� of thehealth
are organizations.
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Digital Se
urityThe Te
hni
al and S
ienti�
 Resear
h Coun
il (TUBITAK) [80℄ is the authorized body forproviding solutions in Digital Se
urity in Turkey. For this purpose, TUBITAK is developingthe National Ele
troni
 Identity Veri�
ation System and the Smart Identity Card. Thesesolutions will be available for both individuals and institutions.In Turkey, digital signatures were legislated in 2004, mobile signatures were legislated in2006 and the integration of Family Medi
ine Information Systems (FMIS) [1℄ with digitalsignatures has already been realized.Planned DevelopmentsNHIS, Turkey is operational now and it is at the end of its publi
 testing phase. By Septem-ber 30th, 2008 all the publi
 health
are organizations are obliged to send 
olle
t and sendtheir Minimum Health Data Sets. The deadline for the private and university health
areorganizations is January 2009. It is expe
ted that it will be possible to 
olle
t data from90% of the �eld (primary, se
ondary, tertiary health
are providers, family physi
ians, et
.)by year 2009.The data �ow in NHIS is not always one-way, that is from the health
are institutionsto NHIS servers. The authorized parties su
h as General Pra
titioners 
an also query andretrieve the health
are re
ords from the NHIS servers. Hen
e, the sharing of medi
al re
ordsamong health
are providers will be possible in the future when the ne
essary legislations arepassed. Currently the work is going on determining legal ground about the a

ess rights ofall types of users. The importan
e of this thesis work will in
rease enormously when sharingof the Ele
troni
 Health
are Re
ords is broadened, espe
ially in the 
ross-border 
ase.Finally, an e-appointment system is being developed on Saglik-Net whi
h will allow theGeneral Pra
titioners using the Family Medi
ine Information System to arrange appoint-ments for their patients in the hospitals.In our ar
hite
ture the National Health Information System of Turkey is the subje
t ofour 
ross-border eHealth interoperability methodology.2.5 The Extensible Stylesheet Language (XSL) FamilyThe Extensible Stylesheet Language (XSL) Family [101℄ is a family of re
ommendations forde�ning Extensible Markup Language (XML) [95℄ do
ument transformation and presenta-tion. It is developed by the W3C [90℄ XSL Working Group. In 
omparison, it is like CSS38



[16℄ in HTML but it is indeed mu
h more 
apable in transformation. It 
onsists of threeparts:
• XSL Transformations (XSLT) [103℄ is a language for transforming XML do
uments.
• The XML Path Language (XPath) [98℄ is an expression language used by XSLT toa

ess or refer to parts of an XML do
ument.
• XSL Formatting Obje
ts (XSL-FO) [102℄ is an XML vo
abulary for spe
ifying format-ting semanti
s.XSL is a language for expressing stylesheets. Given a 
lass of arbitrarily stru
turedXML do
uments, an XSL stylesheet is used to express intentions about how that stru
tured
ontent should be presented; that is, how the sour
e 
ontent should be styled, laid out,and paginated onto some presentation medium, su
h as a window in a Web browser or ahand-held devi
e, or a set of physi
al pages in a 
atalog, report, pamphlet, or book.Originally intended to perform 
omplex styling operations, like the generation of tablesof 
ontents and indexes, XSL is now used as a general purpose XML pro
essing language.XSL TransformationsExtensible Stylesheet Language Transformations (XSLT) [103℄ is an XML-based languageused for the transformation of XML do
uments into other XML or �human-readable� do
u-ments su
h as HTML or plain text. A transformation expressed in XSLT des
ribes rules fortransforming a sour
e tree into a result tree. The transformation is a
hieved by asso
iatingpatterns with templates. A pattern is mat
hed against elements in the sour
e tree. A tem-plate is instantiated to 
reate part of the result tree. The result tree is separate from thesour
e tree. The stru
ture of the result tree 
an be 
ompletely di�erent from the stru
ture ofthe sour
e tree. In 
onstru
ting the result tree, elements from the sour
e tree 
an be �lteredand reordered, and arbitrary stru
ture 
an be added.A transformation expressed in XSLT is 
alled a stylesheet. A stylesheet 
ontains a set oftemplate rules. A template rule has two parts: a pattern whi
h is mat
hed against nodes inthe sour
e tree and a template whi
h 
an be instantiated to form part of the result tree.The basi
 elements of XSL Transformations are presented in Figure 2.15.The most re
ent version of XSLT is XSLT 2.0 [104℄ whi
h represents a signi�
ant in
reasein the 
apability of the language. In our ar
hite
ture XSLT 2.0 is used for two purposes;39



Figure 2.15: Basi
 Elements of XSL Transformationgenerating HL7 CDA R2 
onformant EHR do
uments from the �Transmission S
hema� in-stan
es of National Health Information System of Turkey and generating CEN EHR
om
onformant EHR do
uments from the HL7 CDA R2 instan
es.The XML Path LanguageThe XML Path Language (XPath) [98℄ is a language used by XSLT, and also available foruse in non-XSLT 
ontexts, for addressing the parts of an XML do
ument. In addition tothis primary addressing purpose, it also provides basi
 fa
ilities for manipulation of strings,numbers and booleans. XPath uses a 
ompa
t, non-XML syntax to fa
ilitate use of XPathwithin URIs and XML attribute values. XPath gets its name from its use of a path notationas in URLs for navigating through the hierar
hi
al stru
ture of an XML do
ument andsele
ting nodes by a variety of 
riteria.XPath models an XML do
ument as a tree of nodes. There are di�erent types of nodes;element nodes, attribute nodes and text nodes. XPath de�nes a way to 
ompute a string-value for ea
h type of node. XPath fully supports XML Namespa
es.The primary synta
ti
 
onstru
t in XPath is the expression whi
h is evaluated to yieldan obje
t. The most important kind of expression is a lo
ation path. A lo
ation path sele
tsa set of nodes relative to the 
ontext node. The result of evaluating an expression that is alo
ation path is the node-set 
ontaining the nodes sele
ted by the lo
ation path. Lo
ation40



paths 
an re
ursively 
ontain expressions that are used to �lter sets of nodes. A sampleXPath expression applied to an XML instan
e is presented in Figure 2.16.

Figure 2.16: Sample XPath expression applied to an XML do
ument
In our ar
hite
ture XPath is used for lo
ating and gathering all the nodes that 
ontain
oded values in a CDA instan
e before universalizing those values by the help of an extendiblesystem based on UMLS.XSL Formatting Obje
tsXSL Formatting Obje
ts (XSL-FO) [102℄ is an XML vo
abulary for spe
ifying formattingsemanti
s. Formatting is the pro
ess of turning the result of an XSL transformation into atangible form for the reader or listener. The vo
abulary of formatting obje
ts supported byXSL represents the set of typographi
 abstra
tions available to the designer. Semanti
ally,ea
h formatting obje
t represents a spe
i�
ation for a part of the pagination, layout, andstyling information that will be applied to the 
ontent of that formatting obje
t as a resultof formatting the whole result tree.The basi
 pro
essing steps of XSL-FO is as follows: The XML do
ument to be format-ted is fed into an XSLT pro
essor together with XSLT 
odes, just as been des
ribed inFigure 2.15, but this time XSLT 
odes use the XSL-FO vo
abulary. This transformationpro
ess 
onverts the XML into XSL-FO. Then, this XSL-FO do
ument is passed to the XSLformatter whi
h 
onverts the XSL-FO do
ument into some format whi
h is usually more41



�human-readable�. The most 
ommon output formats of XSL-FO are Portable Do
umentFormat (PDF), PostS
ript (PS) and Ri
h Text Format (RTF).Currently, XSL-FO is not used in our ar
hite
ture but as a future work, PDF reports of
onformant EHR instan
es 
an be generated automati
ally with the help of XSL-FO.
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CHAPTER 3MAPPING THE NATIONALELECTRONIC HEALTHCARE RECORDSTO INTERNATIONAL STANDARDS -CASE STUDY: TURKEY
As des
ribed in detail in Se
tion 2.4, The National Health Information System of Turkeypreferred HL7 Version 3 as the messaging standard and CDA as the base for EHR standardfor the following reasons:

• HL7 is the most widely used ele
troni
 health
are standard. Although, NHIS is tobe used lo
ally in Turkey, when it 
omes to 
ommuni
ate with other 
ountries, thesystems should be ready.
• After the 
ompletion of the NHIS, all of the medi
al information systems used in thenation-wide health
are institutes should be adapted to 
ommuni
ate with the NHIS.Being based on a widely-used standard will fa
ilitate the interoperability to a largeextent.
• HL7 v3 and CDA provide me
hanisms to extend the messages a

ording to the re-quirements of a proje
t.
• Spe
i�
ally, the version 3 of the HL7 standard is sele
ted rather than HL7 v2.x be
auseof optionality problems of v2.x. Additionally, HL7 v3 is a standard whose 
onforman
e
an be tested. In other words, it be
omes possible to test the software 
lients runningon the peripheral medi
al institutes that provide data to the NHIS servers. This is notpossible in the v2.x versions of HL7. 43



• It was not possible to �nd spe
i�
 domains and thus ready spe
i�
 message stru
turesfor the Minimum Health Data Sets su
h as �Puerperal Observation� or �Infant Psy-
hoso
ial Observation� that are de�ned within the National Health Data Di
tionary.However, CDA o�ers a generi
 and extensible model for representing any kind of data.
• CDA is the mostly widely preferred and implemented EHR standard.Turkey adopted CDA as the EHR standard but unfortunately, in order to meet all na-tional requirements dire
tly at the s
hema level, many 
hanges have been done on the originalCDA S
hema that broke the 
onformity of lo
al �Transmission S
hemas� to CDA. The gener-ated s
hemas are 
ompletely HL7 v3 and CDA R-MIM 
onformant but still it is not possibleto realize 
ross-border data ex
hange with the 
urrent status.In this 
hapter, we �rst analyze and list all of the in
ompatible 
hanges that have beendone on the original CDA S
hema and then develop an adaptor based on XSL Transforma-tions (XSLT) to automati
ally generate CDA 
onformant EHR do
uments from the �Trans-mission S
hema� instan
es.3.1 The In
ompatible Changes Done on the Original CDAS
hema for Developing �Transmission S
hemas� in NHIS,TurkeyAs des
ribed in the Enabling Te
hnologies and Standards se
tion, 
urrently NHIS, Turkeyhas 25 HL7 Version 3 Web Servi
es for 
olle
ting the de�ned Transmission S
hemas (thus theMinimum Health Data Sets) from the hospital/laboratory/family medi
ine/
lini
 informa-tion systems. The names of the servi
es are identi
al with the related Transmission S
hema:�15-49 Age Female Observation�, �Mouth and Teeth Examination�, �Va

ine Noti�
ation�,�Infant Nutrition�, �Infant Observation�, �Infant Psy
hoso
ial Observation�, �Communi
ableDisease De�nite Case Noti�
ation�, �Communi
able Disease Probable Case Noti�
ation�,�Diabetes�, �Dialysis Noti�
ation�, �Dialysis Observation�, �Birth Noti�
ation�, �PregnantObservation�, �Pregnan
y Termination�, �Pregnant Psy
hoso
ial Observation�, �Patient De-mographi
s Noti�
ation�, �Can
er�, �Puerperal Observation�, �Examination�, �Death Noti-�
ation�, �Test Result�, �Citizen/Foreigner Registration�, �Stateless Person Registration�,�Newborn Registration� and �Inpatient�.While developing the s
hemas for these servi
es, the 
onsortium that is responsible fromthe implementation of the NHIS preferred to start from the Re�ned Message Information44



Model (R-MIM) of CDA instead of dire
tly getting and restri
ting CDA S
hema [9℄. Therationale of the 
onsortium for this sele
tion is applying all the lo
al requirements of NationalHealth Data Di
tionary and Business Rules dire
tly at the XSD level as mu
h as possiblesin
e they believe that this way the integration of the vendors, most of whi
h are not familiarwith health
are standards, will be mu
h easier. Our experien
e and relationship with thevendors show that this is not true indeed.During the lo
alization pro
ess, the rules whi
h are set in the �HL7 Re�nement, Con-straint and Lo
alization� [65℄ are applied. In other words, the CDA R-MIM is edited andthen 
onverted to HMD and XSD, respe
tively with the help of HL7 Version 3 tools: R-MIMDesigner, RoseTree and V3 Generator [35℄. The s
hemas are available in HL7 IntegrationGuide for Turkey [43℄. Although the 
onstraint rules de�ned in HL7 Re�nement, Constraintand Lo
alization are valid rules that do not break the 
onforman
y of developed messagesto HL7 v3 standard, CDA has an autonomous position in this respe
t. A 
onformant CDAdo
ument should at a minimum validate against the CDA S
hema [7℄. The modi�
ationsthat have been done during the lo
alization pro
ess have broken this 
onforman
y.In this se
tion, the list of in
ompatible 
hanges done on the original CDA S
hema willbe presented. While doing so, sin
e most of the 
ases are 
ommon for all 25 messages and itis not possible present ea
h of the messages individually, the examples will usually be giventhrough a valid �Examination� message (i.e. Transmission S
hema). The 
omplete message
an be found in Appendix A and also in our web page [55℄.The di�eren
es are presented in breadth-�rst traversal of the CDA:1. As it is 
learly visible in Figure 3.1, the root element of a CDA do
ument must be �Clin-i
alDo
ument�. However, in the Transmission S
hemas this value is repla
ed with thename of the Transmission S
hema, e.g. �examination�, �
an
er�, �diabetesNoti�
ation�,et
. as it is seen in Figure 3.2:2. The �Clini
alDo
ument� should de�nitely have a �typeId� element with �xed valuesas presented in Figure 3.3. In the Transmission S
hemas this mandatory element isremoved.3. There are a lot of 
hanges related with the �re
ordTarget� element of CDA whi
h isused for presenting the details of the subje
t of the do
ument, that is the patient.There are three di�erent types of patient registrations in the NHIS; Citizen/ForeignerRegistration, Newborn Registration and Stateless Registration. They are all used for45



Figure 3.1: The First Level Elements of the CDA: CDA Header<examination xmlns="urn:hl7-org:v3" 
lassCode="DOCCLIN" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.3" extension="11333439-08ab-42
5-e
2d-17064
153456" /><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.1" 
odeSystemName="Döküman Tipi"
odeSystemVersion="1.0" displayName="Muayene MSVS (Vatanda³/Yaban
�)" />Figure 3.2: The Beginning of the Examination Transmission S
hema
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<Clini
alDo
ument xmlns="urn:hl7-org:v3" 
lassCode="DOCCLIN" moodCode="EVN"><typeId root="2.16.840.1.113883.1.3" extension="POCD_HD000040"/><id root="2.16.840.1.113883.3.129.2.1.3" extension="11333439-08ab-42
5-e
2d-17064
153456" />Figure 3.3: A Conformant �Clini
alDo
ument� Introdu
tionpresenting the demographi
s of the patient. But, while they are mapped to Transmis-sion S
hemas, only Citizen/Foreigner Registration MHDS 
ontent has been �t into theoriginal re
ordTarget s
hema, the other two MHDSs has broken down the s
hema byrenaming elements and adding some new elements. An example in
ompatible re
ord-Target for Newborn Registration is presented in Figure 3.4.<re
ordTarget typeCode="RCT" 
ontextControlCode="OP"><babyPatientRole 
lassCode="PAT"><patientBaby 
lassCode="PSN" determinerCode="INSTANCE"><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21"
odeSystemName="Cinsiyet" 
odeSystemVersion="1.0" displayName="Erkek"/><birthTime value="20080209"/><multipleBirthOrderNumber value="1"/><guardian 
lassCode="GUARD"><
ode 
ode="MTH" 
odeSystem="2.16.840.1.113883.5.111" 
odeSystemName="RoleCode"
odeSystemVersion="1.0" displayName="Mother"/><guardianMother determinerCode="INSTANCE" 
lassCode="PSN"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></guardianMother></guardian></patientBaby></babyPatientRole></re
ordTarget>Figure 3.4: An Example Invalid re
ordTarget for Newborn Registration
First of all, the 
hild of the re
ordTarget should be �patientRole�, not �babyPatient-Role�. Then this �patientRole� should have an �id� element but in our 
ase �babyPa-tientRole� does not have it. �patientBaby� should be repla
ed with �patient� and thiselement 
annot have an element entitled �multipleBirthOrderNumber�, it should beremoved. As another problemati
 
hange, the name of the 
hild of �guardian� elementshould be �guardianPerson�, not �guardianMother�. Finally for now, �id� element of�guardianMother� should belong to �guardian� role in fa
t.47



The 
onformant re
ordTarget for this Newborn Registration should be as presented inFigure 3.5.<re
ordTarget><patientRole><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905.20080209.1"/><patient><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21"
odeSystemName="Cinsiyet" 
odeSystemVersion="1.0" displayName="Erkek"/><birthTime value="20080209"/><guardian 
lassCode="GUARD"><id root="2.16.840.1.113883.3.129.1.1.1" extension="16892264390"/><
ode 
ode="MTH" 
odeSystem="2.16.840.1.113883.5.111" 
odeSystemName="RoleCode"
odeSystemVersion="1.0" displayName="Mother"/><guardianPerson/></guardian></patient></patientRole></re
ordTarget> Figure 3.5: The Valid re
ordTarget for Newborn Registration
4. The CDA 
onforman
y rules 
learly state that, within a CDA do
ument there 
anonly be one re
ordTarget unless the do
ument is written for a group of people or pub-li
 health monitoring purposes. In other words, if the do
ument belongs to one person,there should be exa
tly one re
ordTarget. However, not in all messages of the NHISbut in the �Patient Demographi
s�, although it is 
reated for just one patient thereare two re
ordTarget blo
ks, one for the usual patientRole and the se
ond for report-ing patient de
lared attributes su
h as address and tele
om details. The name of these
ond element is �de
larationPatientRole� and this usage is against the CDA. In ourar
hite
ture, the elements of this �de
larationPatientRole� are moved under the �rstre
ordTarget and se
ond re
ordTarget is deleted. An example invalid de
larationPa-tientRole is displayed in Figure 3.6.5. Another CDA header attribute is the �
ustodian� element whi
h represents the health-
are organization that is in 
harge of maintaining the do
ument. In NHIS, this partis used for providing the id of the health
are organization that 
reated the Transmis-sion S
hema, whi
h is 
onsistent with the original purpose. However, two in
ompatible48



<re
ordTarget typeCode="RCT" 
ontextControlCode="OP"><de
larationPatientRole 
lassCode="PAT"><addr use="TMP"><
ensusTra
t>15753</
ensusTra
t><additionalLo
ator>3. 
adde, 49. sokak, No:7/15</additionalLo
ator></addr><tele
om value="tel:3122877690" use="MC"/><patientDe
larationPatient determinerCode="INSTANCE" 
lassCode="PSN">...</patientDe
larationPatient></de
larationPatientRole></re
ordTarget> Figure 3.6: An Invalid de
larationPatientRole Example
hanges have been done. First, �representedHealth
areOrganization� seen in Figure 3.7should be repla
ed with �representedCustodianOrganization�. Se
ondly, its �
lassCode�attribute 
annot be �ENT� representing the �Entity� 
lass, its default value is �ORG�that stands for the �Organization� 
lass.<
ustodian typeCode="CST"><assignedCustodian 
lassCode="ASSIGNED"><representedHealth
areOrganization 
lassCode="ENT" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></representedHealth
areOrganization></assignedCustodian></
ustodian> Figure 3.7: An Example 
ustodian Blo
k from the NHIS
6. The CDA header attribute �informationRe
ipient� represents a re
ipient who shouldre
eive a 
opy of the do
ument. In our 
ase, this re
ipient is always the Ministryof Health. While modeling this situation, again some in
ompatible renaming havebeen on the original CDA S
hema. An example from the Examination TransmissionS
hema is presented in Figure 3.8. Here, �primaryInformationRe
ipient� should berepla
ed with �informationRe
ipient�, �re
ipient� with �intendedRe
ipient� and �repre-sentedMinisteryOfHealth with �re
eivedOrganization�.7. In �Patient Demographi
s�, �Communi
able Disease De�nite Case Noti�
ation� and�Communi
able Disease Probable Case Noti�
ation� messages a new target entitled49



<primaryInformationRe
ipient typeCode="PRCP"><re
ipient 
lassCode="ASSIGNED"><representedMinisteryOfHealth 
lassCode="ORG" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="5881"/></representedMinisteryOfHealth></re
ipient></primaryInformationRe
ipient>Figure 3.8: An Example primaryInformationRe
ipient Blo
k from the NHIS�indire
tTarget� has been de�ned for providing the address of next of kin, if available.However, there is no CDA header attribute named �indire
tTarget�. This new element
an only be represented as the �parti
ipant� attribute of CDA header. An example �in-dire
tTarget� element from the NHIS is available in Figure 3.9. Here, �indire
tTarget�should be renamed as �parti
ipant� and �nextOfKin� as �asso
iatedEntity�. Moreover,the position of �indire
tTarget� (or �parti
ipant�) element is also wrong. It 
annotappear just after the re
ordTarget as it 
an be seen in Figure 3.1.<indire
tTarget typeCode="IND" 
ontextControlCode="OP"><nextOfKin 
lassCode="NOK"><addr use="H"><
ensusTra
t>15753</
ensusTra
t><additionalLo
ator>3. 
adde, 49. sokak, No:7/15</additionalLo
ator></addr></nextOfKin></indire
tTarget>Figure 3.9: An Example indire
tTarget Blo
k from the NHIS
8. With the help of �parentDo
ument� attribute of its header, CDA supports revision/addenda/ transformation of do
uments. As it is presented in the �Details of NHISWeb Servi
es� se
tion of the �Enabling Te
hnologies and Standards� 
hapter, NHISalso supports update and deletion of previously submitted do
uments. In these oper-ations the abovementioned fun
tionality of CDA is being used but there is one slightin
onsisten
y. An example blo
k is presented in Figure 3.10. Here, the name of theelement should be �relatedDo
ument� instead of �repla
ementOf� that is made up bythe 
onsortium. 50



<repla
ementOf typeCode="RPLC"><parentDo
ument 
lassCode="DOCCLIN" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.3" extension="11201438-08ab-42
5-9
2d-17064
133456"/><
ode 
ode="MUAYENE-YENIDOGAN" 
odeSystem="2.16.840.1.113883.3.129.2.2.1"
odeSystemName="Döküman Tipi" 
odeSystemVersion="1.0" displayName="Muayene MSVS (Yenido§an)"/><versionNumber value="1"/></parentDo
ument></repla
ementOf>Figure 3.10: An Example repla
ementOf Blo
k from the NHIS9. Up to this item, the in
ompatible 
hanges that are done on the CDA header have beenpresented. From this item on, the ones that are done on the body will be presented.As it is explained in the Enabling Te
hnologies 
hapter and also as visible in Fig-ure 3.11, the body of the CDA starts under the �
omponent� element of root element;�Clini
alDo
ument�. In Turkey, the Transmission S
hemas use �stru
turedBody�. Allthe Minimum Health Data Sets ex
ept the Patient Registration (i.e. Citizen/ForeignerRegistration, Newborn Registration and Stateless Registration) 
ontained within aTransmission S
hema are represented as �rst level �se
tion�s and these �se
tions� arebound to the �stru
turedBody� through �
omponent� A
tRelationship. However, inap-propriately with the CDA s
hema, these 
omponents are numbered sequentially in theNHIS. Figure 3.12 shows the 
omponents of the Examination Transmission S
hema.The 
omponent names are renamed with 
on
atenation of sequential numbers, like�
omponent1�, �
omponent2� ... �
omponentN�. This is against the CDA s
hema; theyshould all be �
omponent�.10. The CDA body is 
omposed of nested �se
tion�s and these se
tions are bound to theparent element through �
omponent� A
tRelationships. In the NHIS, the �rst levelse
tions represent the MHDSs of a Transmission S
hema. However, the name of these�se
tion�s are 
hanged to the name of the 
orresponding MHDS 
on
atenated with�Dataset� keyword, e.g. �dis
hargeDataset�, as it is seen in Figure 3.12. These tagsshould be repla
ed with �se
tion� tag as in Figure 3.13. This renaming does not 
auseany information loss in fa
t, be
ause as it is seen in Figure 3.13, the semanti
s ofthe se
tions are des
ribed with 
oded terms through their �
ode� elements. The 
odesystem �Veriseti� (means �data set�) is de�ned by the NHIS for 
oding the data setse
tions. In this spe
i�
 example, 
ode �CIKIS� (means �dis
harge�) is 
hosen fromthis 
ode system to des
ribe the se
tion. So, by renaming the se
tion, we have only51



Figure 3.11: High Level View of the CDA Bodyeliminated dupli
ate information but did not lose anything.11. Similar 
hanges that have been explained in the previous two items have been done onlower level elements, i.e. the Data Elements of the NHDD, as well. The mapping amongthe NHDD 
on
epts, CDA based Transmission S
hemas developed in the NHIS andthe original CDA R2 is shown in Figure 3.14. In the Transmission S
hemas, the dataset se
tions are 
omposed of se
tions for representing the data elements of the NHDD.These se
tions are bound to the parent se
tion with 
omponents. However, againthese 
omponents are named like �
omponent1�, �
omponent2� ... �
omponentN� andthe name of the se
tions are repla
ed with the name of the data element 
on
atenatedwith the �Se
tion� keyword as seen in Figure 3.15.The 
orresponding 
onformant CDA blo
k should look like as in Figure 3.16.12. In the NHDD, some MHDSs 
ontain health
are professional information that may be52



<examination 
lassCode="DOCCLIN" moodCode="EVN">[CDA Header℄<
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><stru
turedBody 
lassCode="DOCBODY" moodCode="EVN"><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><testResultDataset 
lassCode="DOCSECT" moodCode="EVN">...</testResultDataset></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><dis
hargeDataset 
lassCode="DOCSECT" moodCode="EVN">...</dis
hargeDataset></
omponent2><
omponent3 typeCode="COMP" 
ontextCondu
tionInd="true"><examinationDataset 
lassCode="DOCSECT" moodCode="EVN">...</examinationDataset></
omponent3><
omponent4 typeCode="COMP" 
ontextCondu
tionInd="true"><re
eptionDataset 
lassCode="DOCSECT" moodCode="EVN">...</re
eptionDataset></
omponent4><
omponent5 typeCode="COMP" 
ontextCondu
tionInd="true"><pres
riptionDataset 
lassCode="DOCSECT" moodCode="EVN">...</pres
riptionDataset></
omponent5></stru
turedBody></
omponent></examination> Figure 3.12: Examination Transmission S
hema 
omponents<se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="28661575-af59-45be-bdf5-3590385801df" /><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Ç�k�³ Veriseti" />... Figure 3.13: An Example dis
hargeDataset se
tiondi�erent from the author of the CDA do
ument. These professionals are modeledwith the �author� parti
ipation of the CDA se
tions. However, during the lo
aliza-tion pro
ess some in
onsisten
ies have been generated on the Transmission S
hemas.53



Figure 3.14: Mapping NHDD Con
epts to HL7 v3 CDA R2<examinationDataset 
lassCode="DOCSECT" moodCode="EVN">...<
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><examProto
olNoSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="de380a98-d31f-4a33-a878-7366da629737" /><
ode 
ode="PROTOKOLNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Protokol No Bilgisinin Oldu§u Bölüm" />...</examProto
olNoSe
tion></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><reportSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="
ba90686-fa28-4a0e-9ee6-342d7b
b3302" /><
ode 
ode="RAPOR" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Rapor Verisinin Oldu§u Bölüm" />...</examProto
olNoSe
tion></
omponent2>... Figure 3.15: An Ex
erpt from the examinationDataset se
tion
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<se
tion 
lassCode="DOCSECT" moodCode="EVN">...<
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="de380a98-d31f-4a33-a878-7366da629737" /><
ode 
ode="PROTOKOLNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Protokol No Bilgisinin Oldu§u Bölüm" />...</se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="
ba90686-fa28-4a0e-9ee6-342d7b
b3302" /><
ode 
ode="RAPOR" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Rapor Verisinin Oldu§u Bölüm" />...</se
tion></
omponent>... Figure 3.16: The Corresponding Conformant CDA Blo
k for examinationDatasetFigure 3.17 shows an example �author� element from the Test Result Data Set.<author typeCode="AUT" 
ontextControlCode="OP"><testDo
tor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></testDo
tor></author> Figure 3.17: An Example author Blo
k from the testResultDataset
First of all, the �author� must have a �time� element that represents the time of thedo
umentation. Se
ond di�eren
e is in the name of the Role 
lass; it should be �as-signedAuthor�. It 
annot be renamed to �testDo
tor� as in the 
ase of our example.The 
orresponding 
onformant CDA blo
k is given in Figure 3.18. The time is gatheredfrom the CDA do
ument's e�e
tive time.13. As it is seen in the mapping of NHDD 
on
epts to Transmission S
hemas and CDA(Figure 3.14), for the data elements, wrapper se
ond-level CDA se
tions are 
reatedin the Transmission S
hemas. Within these se
tions, the values for the data elements55



<author typeCode="AUT" 
ontextControlCode="OP"><time value="20080402102643"/><assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></assignedAuthor></author> Figure 3.18: The Corresponding Conformant CDA Blo
k for authorare given with instan
es of CDA Entry 
lasses whi
h 
an be seen in Figure 3.19 andare des
ribed in Se
tion 2.1.2 - HL7 CDA. They are; a
t, en
ounter, observation, ob-servationMedia, organizer, pro
edure, regionOfInterest, substan
eAdministration andsupply. Almost all of them are used in the NHIS messages. However, not surprisingly,substantial in
onsistent 
hanges are done on the original CDA S
hema for these 
lassesas well. It is not possible to list all these modi�
ations here sin
e renaming of the el-ements o

urs for almost ea
h attribute of entry 
lasses. Instead, the most 
ommonmodi�
ations are presented in this item.Figure 3.20 shows an example Dis
harge Diagnosis Se
tion from the ExaminationTransmission S
hema. The �rst major di�eren
e is; the CDA entry 
lasses must bebound to se
tions with the �entry� parti
ipation as shown in Figure 3.19 but in theNHIS implementation �entry�s are repla
ed with �
omponent�s. In the same manner, itan �entry� has �enrtyRelationship�, this is again modeled as �
omponent� in the NHISimplementation. As the se
ond major di�eren
e, the original name of the CDA entry
lasses are repla
ed with the name of the data elements in the NHDD. In our example,the �
lassCode� attribute of �dis
hargeDiagnosis� element reveals that this 
lass is infa
t an Observation. The 
orresponding 
onformant CDA blo
k should look like as inFigure 3.2114. The �nal major modi�
ation is the data type 
onstraint applied on some XML elementswhi
h have abstra
t data type de
larations originally. One example is the �value�element of the �observation� CDA Entry 
lass. Its data type is �ANY�; the abstra
tHL7 data type. In the NHIS, a

ording to the needs, the type of �value� is restri
ted tonon-abstra
t types dire
tly on the XSD level, whi
h is against the CDA 
onforman
e.What should be done is spe
ifying the required data type in the CDA do
ument withthe use of �xsi:type� attribute where �xsi� stands for XML S
hema Instan
e [100℄. Anexample use is already given in Figure 3.20 and Figure 3.21. No xsi:type de
laration56



Figure 3.19: The Graphi
al View of the S
hema of CDA Se
tionis available in the �value� element of dis
hargeDiagnosis. However, its type is �CV�(Coded Value) and it should be de
lared as shown in the 
onformant CDA blo
k.There is one more important 
onforman
e issue but this is not related with the s
hemaof CDA, instead with the semanti
s. The se
tion.text �eld of CDA is used to store narrative57



<dis
hargeDiagnosisSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="b66aa560-8b8e-4078-8236-d7ed
df5
e3a"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><dis
hargeDiagnosis moodCode="EVN" 
lassCode="OBS"><
ode 
ode="SEVKTANISI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6" 
odeSystemName="Tan� Tipi"
odeSystemVersion="1.0" displayName="Sevk Tan�s�"/><value 
ode="K25" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Mide ülseri"/></dis
hargeDiagnosis></
omponent></dis
hargeDiagnosisSe
tion>Figure 3.20: An Example dis
hargeDiagnosisSe
tion from the NHIS<se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="b66aa560-8b8e-4078-8236-d7ed
df5
e3a"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="SEVKTANISI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6" 
odeSystemName="Tan� Tipi"
odeSystemVersion="1.0" displayName="Sevk Tan�s�"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="CV" 
ode="K25"
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10" 
odeSystemVersion="1.0"displayName="Mide ülseri"/></observation></entry></se
tion>Figure 3.21: The Corresponding Conformant CDA se
tion for dis
hargeDiagnosisSe
tionto be rendered and thus 
alled Narrative Blo
k. CDA 
onforman
e rules state that if theCDA Body is stru
tured (whi
h is true in our 
ase), the Narrative Blo
k must be rendered;thus should not be empty. A se
tion may only have no narrative 
ontent in the 
ase wherethe entries represent information that is not part of the 
lini
al 
ontent of the do
ument.However, in the NHIS 
ase, CDA is used for ex
hanging 
lini
al data in the forms of dataelements whi
h are 
oded as mu
h as possible as de�ned in the Health Coding Referen
eServer (HCRS). For this reason, although they exist within the messages, most of the timethe narrative 
ontent of the se
tions are not �lled with data. An example pro
edure se
tionfrom a real Examination Transmission S
hema is given in Figure 3.22.58



<pro
edureSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="
f813e90-e027-4441-9e87-
287bd
5b370"/><
ode 
ode="MUDAHALE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Müdahale Verisinin Oldu§u Bölüm"/><text/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><pro
edure moodCode="EVN" 
lassCode="PROC"><
ode 
ode="700490" 
odeSystem="2.16.840.1.113883.3.129.1.2.2" 
odeSystemName="SUT"
odeSystemVersion="1.0" displayName="Elektrokardiyogram, evde çekim"/></pro
edure></
omponent></pro
edureSe
tion>Figure 3.22: An Example pro
edureSe
tion from the NHISAs it is 
lear, the �text� element of the se
tion is empty. There is not a restri
tion inTurkey stating that �text� elements should never be �lled in. But, sin
e the mandatorydata is sent in the �pro
edure� element as the 
oded value meaning �Elektrokardiyogram,evde çekim� (Ele
tro
ardiogram, home setting) in SUT: Saglik Uygulama Talimati (HealthAppli
ation Instru
tion) 
ode system of HCRS, the 
lients feel no obligation to �ll in the�text� �eld. In these 
ases, the Narrative Blo
k of the se
tion 
an be 
ompiled from its Entry
lasses. In this example, the display name of the pro
edure 
ode 
an be 
opied to the text�eld. The 
orresponding 
onformant CDA se
tion is presented in Figure 3.23.<se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5" extension="
f813e90-e027-4441-9e87-
287bd
5b370"/><
ode 
ode="MUDAHALE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Müdahale Verisinin Oldu§u Bölüm"/><text>Elektrokardiyogram, evde çekim</text><entry typeCode="COMP" 
ontextCondu
tionInd="true"><pro
edure moodCode="EVN" 
lassCode="PROC"><
ode 
ode="700490" 
odeSystem="2.16.840.1.113883.3.129.1.2.2" 
odeSystemName="SUT"
odeSystemVersion="1.0" displayName="Elektrokardiyogram, evde çekim"/></pro
edure></entry></se
tion>Figure 3.23: The Corresponding Conformant CDA se
tion for pro
edureSe
tion
These are all the major in
ompatible 
ases of NHIS Transmission S
hemas with the HL7CDA R2. It is not possible to list every individual in
onsisten
y of ea
h Transmission S
hema59



in this thesis due to spa
e limitations. This is not a problem be
ause the des
ribed 
ases
over all varieties of in
ompatible modi�
ations. The rest are just di�erent examples of thesegeneri
 
ases.3.2 The Developments for Enabling CDA Conforman
e of NHISTransmission S
hemasThe in
onsisten
ies of the NHIS Transmission S
hemas with the HL7 CDA R2 have beenlisted in the previous se
tion. In order to get rid of these in
onsisten
ies, an Adaptor for au-tomati
ally transforming NHIS Transmission S
hema instan
es to HL7 CDA R2 
onformantEHRs has been developed.The implementation is based on Extensible Stylesheet Language Transformations (XSLT)[103℄. XSLT is an XML-based language used for the transformation of XML do
uments intoother XML or �human-readable� do
uments su
h as HTML or plain text. A transformationexpressed in XSLT des
ribes rules for transforming a sour
e tree into a result tree. Duringthis pro
ess, the sour
e tree is never edited. The details of XSLT 
an be found in Se
tion2.5.In order to in
rease re-usability, the XSLT �les have been developed per Minimum HealthData Set. Then Transmission S
hema XSLT �les have been built by in
luding the relevantXSLTs of MHDSs. For example, Examination Transmission S
hema 
onsists of:
• Newborn Registration Data Set | Citizen Foreigner Registration Data Set
• Patient Admission Data Set
• Examination Data Set
• Patient Dis
harge Data Set
• Test Result Data Set (optional)
• Pres
ription Data Set (optional)Very similarly, Diabetes Transmission S
hema 
ontains all of these MHDSs and an addi-tional Diabetes MHDS. There are many similar 
ases for other Transmission S
hemas as well.The development of MHDS based XSLT library in
reased the manageability and re-usabilityof the system. 60



In this se
tion, some example XSLT rules are presented for a few sele
ted items from thelist presented in Se
tion 3.1. With the same reason as in Se
tion 3.1, it is not possible topresent all XSLT rules in this se
tion. The examples will again be given upon the Examina-tion Transmission S
hema and the 
omplete XSLT �le for Examination TS is available in ourWeb page [58℄. Then some information about the implementation details will be presented.3.2.1 Example XSLT RulesThe �rst example XSLT rule is for item 3 of the in
onsisten
y list. This item is about thein
ompatible re
ordTarget 
ontent. An example invalid re
ordTarget for Newborn Regis-tration is presented in Figure 3.4. The in
onsisten
ies in
lude both renaming of the ele-ments and generation of new elements. The XSLT rule developed for transforming NewbornRegistration re
ordTarget to CDA 
onformant re
ordTarget is presented with 
omments inFigure 3.24.The �rst line de
lares that this rule will only be a
tive when it mat
hes a �babyPatien-tRole�. In the positive 
ase, it generates �re
ordTarget� and �patientRole� elements. Thenit generates an �id� element for the �patientRole� be
ause it is mandatory but did not existin the �babyPatientRole�. Then the �patient� element is 
reated whi
h is a repla
ement ofthe in
ompatible �patientBaby� element. The �birthTime� and �administrativeGenderCode�attributes are 
opied but �multipleBirthOrderNumber� is skipped sin
e there is no su
h at-tribute of the �patient� Entity 
lass. This value is moved to the �id� of the �patientRole�.Finally, the transformation of the �guardian� blo
k is done. The CDA 
onformant output ofthe example input of Figure 3.4 
an be found in Figure 3.5.The se
ond example XSLT rule is again related with an in
onsisten
y in the CDA Header;item 6 in the in
onsisten
y list. This item is about the �informationRe
ipient� attribute ofCDA Header. Three renaming were done on the original attribute and they are explainedin item 6. A related invalid �primaryInformationRe
ipient� example is shown in Figure 3.8.The XSLT 
ode blo
k for transforming �primaryInformationRe
ipient� into 
onformant �in-formationRe
ipient� is shown in Figure 3.25.Unlike the �rst example, this rule does not initially 
he
k whether su
h an element named�primaryInformationRe
ipient� exists or not be
ause it is mandatory. First an �information-Re
ipient� element is 
reated and the XML attributes of �primaryInformationRe
ipient� are
opied with the XSL statement in the se
ond line. The same are done for the 
hild anddes
endant elements of the �primaryInformationRe
ipient�, again with ne
essary renaming.As a result, the XSLT outputs the CDA 
onformant XML in Figure 3.26 for the input in61



<xsl:if test="hl7:babyPatientRole"><xsl:element name="re
ordTarget"><xsl:element name="patientRole"><!-- id is an mandatory element of patientRole, so I had to generate it for baby patient --><!-- id.extension is in the format motherID.birthtime.multiplebirthorder, the root is thesame with the patient's --><xsl:element name="id"><xsl:attribute name="root"><xsl:value-of sele
t=".//hl7:guardianMother/hl7:id/�root"/></xsl:attribute><xsl:attribute name="extension"><xsl:value-of sele
t=".//hl7:guardianMother/hl7:id/�extension"/>.<xsl:value-of sele
t=".//hl7:patientBaby/hl7:birthTime/�value"/>.<xsl:value-of sele
t=".//hl7:patientBaby/hl7:multipleBirthOrderNumber/�value"/></xsl:attribute></xsl:element><xsl:for-ea
h sele
t="./hl7:babyPatientRole/hl7:addr"><xsl:
opy-of sele
t="." 
opy-namespa
es="no"/></xsl:for-ea
h><xsl:element name="patient"><xsl:
opy-of sele
t=".//hl7:patientBaby/hl7:administrativeGenderCode" 
opy-namespa
es="no"/><xsl:
opy-of sele
t=".//hl7:patientBaby/hl7:birthTime" 
opy-namespa
es="no"/><xsl:element name="guardian"><xsl:
opy-of sele
t=".//hl7:patientBaby/hl7:guardian/�*" 
opy-namespa
es="no"/><!-- I had to move id of the guardianMother to here --><xsl:
opy-of sele
t=".//hl7:patientBaby//hl7:guardianMother/hl7:id" 
opy-namespa
es="no"/><xsl:
opy-of sele
t=".//hl7:patientBaby/hl7:guardian/hl7:
ode" 
opy-namespa
es="no"/><!-- I had to add this empty guardianPerson element, it is mandatory. --><xsl:element name="guardianPerson"/></xsl:element></xsl:element></xsl:element></xsl:element></xsl:if> Figure 3.24: XSLT Rule for Newborn Registration re
ordTargetFigure 3.8.The �nal example XSLT rule 
overs four items from the in
onsisten
y list; items 10, 11,13 and 14. The XSLT blo
k presented in Figure 3.27 is an ex
erpt from the Dis
harge DataSet XSLT �le.The XSLT blo
k is 
omposed of three templates. The �rst template tries to mat
h �dis-
hargeDataset� and when it is su

essful, it instantly opens a new �se
tion� element. Thisis related with item 10 in the in
onsisten
y list; the �se
tion� elements 
annot be renamed.Then for ea
h �
omponent1� element, the �rst template 
alls the se
ond template 
alled62



<xsl:element name="informationRe
ipient"><xsl:
opy-of sele
t="hl7:primaryInformationRe
ipient/�*" 
opy-namespa
es="no"/><xsl:element name="intendedRe
ipient"><xsl:
opy-of sele
t="hl7:primaryInformationRe
ipient/*/�*" 
opy-namespa
es="no"/><xsl:element name="re
eivedOrganization"><xsl:
opy-of sele
t="hl7:primaryInformationRe
ipient/*/hl7:representedMinisteryOfHealth/�*|hl7:primaryInformationRe
ipient/*/hl7:representedMinisteryOfHealth/*" 
opy-namespa
es="no"/></xsl:element></xsl:element></xsl:element> Figure 3.25: XSLT Rule for primaryInformationRe
ipient<informationRe
ipient typeCode="PRCP"><intendedRe
ipient 
lassCode="ASSIGNED"><re
eivedOrganization 
lassCode="ORG" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="5881"/></re
eivedOrganization></intendedRe
ipient></informationRe
ipient>Figure 3.26: The Conformant Output for primaryInformationRe
ipient�dis
hargeDataset-
omponent1� that is 
reated for handling the �dis
hargeDiagnosisSe
tion�element. This template is related with item 11; it renames �
omponent1� ba
k to �
ompo-nent� and �dis
hargeDiagnosisSe
tion� to �se
tion�. Then it 
opies the basi
 �elds of these
tion and �nally 
alls the third template for ea
h �
omponent� of the �dis
hargeDiagnosis-Se
tion�. This last template is related with items 13 and 14; it �rst renames the �
omponent�to �entry� and �dis
hargeDiagnosis� to �observation� Entry 
lass. While 
opying the �value��eld of �dis
hargeDiagnosis� in whi
h ICD-10 
odes are stored, the template adds the manda-tory xsi type de
laration as des
ribed in item 14. The example input and output is availablein Figure 3.20 and Figure 3.21, respe
tively.The CDA 
onformant transformation of the Examination Transmission S
hema examplepresented in Appendix A, realized by applying the XSLT �les provided in our web page, isavailable in Appendix B and in our web page [53℄. XSLT �les 
annot be provided in theAppendix be
ause they are quite large.3.2.2 Implementation DetailsThe major work on the implementation side was the development of XSL Transformations.XSLT version 2.0 [104℄ was preferred due to its enhan
ed XML-tree 
opying fun
tionalities,63



<xsl:template mat
h="hl7:dis
hargeDataset"><xsl:element name="se
tion">...<xsl:for-ea
h sele
t="./hl7:
omponent1"><xsl:
all-template name="dis
hargeDataset-
omponent1"/></xsl:for-ea
h>...</xsl:element></xsl:template><xsl:template name="dis
hargeDataset-
omponent1"><xsl:element name="
omponent"><xsl:
opy-of sele
t="�*" 
opy-namespa
es="no"/><xsl:element name="se
tion"><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosisSe
tion/�*" 
opy-namespa
es="no"/><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosisSe
tion/hl7:id" 
opy-namespa
es="no"/><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosisSe
tion/hl7:
ode" 
opy-namespa
es="no"/><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosisSe
tion/hl7:text" 
opy-namespa
es="no"/><xsl:for-ea
h sele
t="hl7:dis
hargeDiagnosisSe
tion/hl7:
omponent"><xsl:
all-template name="dis
hargeDataset-
omponent1-
omponent"/></xsl:for-ea
h></xsl:element></xsl:element></xsl:template><xsl:template name="dis
hargeDataset-
omponent1-
omponent"><xsl:element name="entry"><xsl:
opy-of sele
t="�*" 
opy-namespa
es="no"/><xsl:element name="observation"><xsl:attribute name="
lassCode">OBS</xsl:attribute><xsl:attribute name="moodCode">EVN</xsl:attribute><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosis/hl7:
ode" 
opy-namespa
es="no"/><xsl:element name="value"><xsl:attribute name="xsi:type">CV</xsl:attribute><xsl:
opy-of sele
t="hl7:dis
hargeDiagnosis/hl7:value/�*" 
opy-namespa
es="no"/></xsl:element></xsl:element></xsl:element></xsl:template>Figure 3.27: An Ex
erpt from the Dis
harge Data Set XSLT Filesu
h as dis
arding the unne
essary namespa
e de
larations. During the development pro
ess,the generated XSLT �les have been tested with various XSLT pro
essors su
h as AltovaXMLSpy [97℄ and various versions of Mi
rosoft MSXML [52℄.The real implementation took pla
e on the Java Platform, Standard Edition 6. Opensour
e Saxon XSLT pro
essor [72℄ is preferred as the built-in XSLT pro
essor of the Adaptor,64



i.e. NHIS2CDA Transformer. The latest version of Saxon is version 9.1.0.1. This is a
omplete and 
onformant implementation of the XSLT 2.0, XQuery 1.0, and XPath 2.0.Saxon is very stable and widely used by the developers interested in XML te
hnologies.The implementation is designed as a servi
e rather than an attra
tive GUI in fa
t. Itsupports two methods; the �rst one is getting any NHIS Transmission S
hema instan
ebelonging to any of the 25 HL7 Web Servi
es in the string representation and returningthe HL7 CDA R2 
onformant EHR 
orresponden
e again in the string representation. These
ond method does the same fun
tionality but this time a

epts and outputs �les. Theinput may be just the EHR 
ontent of Turkey's HL7 v3 messages or the 
omplete HL7v3 message (
ontaining both the Transmission and Control A
t Wrappers) or the 
ompleteSOAP Envelope element that are a

epted by the HL7 v3 Web Servi
es; the Adaptor isable to su

essfully lo
ate the EHR 
ontent of the input in every 
ase. Furthermore, theAdaptor does not dis
riminate the insert and update messages of the NHIS. Although theyhave slightly di�erent s
hemas, the XSLT rules are designed to handle both 
ases at on
ewithout requesting extra information from the user.Although the main purpose was to develop the NHIS2CDA Transformer as a servi
e, asimple GUI has also been developed. Indeed, the GUI is multi-purpose; only the NHIS2CDAfun
tionality is 
overed in this 
hapter. The rest are 
overed in the up
oming 
hapters. Forthis reason, the appli
ation has a more generi
 name; Transformation Environment for HL7Messages of NHIS, Turkey.Figure 3.28 presents the start-up s
reen of the Transformation Environment. A newproje
t 
an be started via the File -> New Proje
t menu item. As it seen in Figure 3.29,the appli
ation has a tabbed workspa
e so that ea
h proje
t has a dedi
ated tab. Ea
h tabhas an �Operations� panel at the top and two text areas in the middle, the one on the left asthe input text area and the right as the output text area. The �Operations� panel at the top
ontains six buttons for six di�erent fun
tionalities. �Open input� opens the sele
ted input�le in the input text area and �Save output� saves the 
ontent of the output text area to thesele
ted �le. �Close� removes the tab from the workspa
e.Ea
h of the rest three buttons in the �Operations� panel is related with ea
h of the three
hapters of this thesis. �NHIS2CDA� button is of interest to this 
hapter while the othersare related with the two following 
hapters and thus will not be mentioned here.When the �NHIS2DA� button is pressed, the Transformation Environment reads the in-put text area, 
alls the NHIS2CDA Transformer with this input. The transformer appliesXSL Transformation on the input with the previously developed XSLT �les. After the trans-65



Figure 3.28: The Start-up S
reen of the Transformation Environmentformation, the appli
ation runs the XSD Validator on the output and 
he
ks its 
onforman
eagainst original CDA S
hema. The result of the validation pro
ess is printed in the �A
-knowledgement� panel at the bottom of the workspa
e as it 
an be seen in Figure 3.30.If the validation fails, the details of the errors are presented to the user as well. Apa
heXer
es XML library [94℄ is used for XSD validation. Finally the output gathered from thetransformer is printed on the output text area as in Figure 3.30.The developed XSLT �les and the implementation will be provided to the Ministryof Health. The transformation operation will be deployed as a Web Servi
e that will bea
ting as a proxy between the Ministry of Health and the 
ross-border 
ountries 
apable ofhealth
are data ex
hange, hopefully within the next few years. Moreover, MoH is planningto ar
hive the EHRs re
eived from the health
are organizations in native CDA format. Forthis purpose, the transformer will be deployed as a front-end to the 
entralized database.Another use of the Adaptor may be on the NHIS 
lients' side; the 
lients 
an store thegenerated Transmission S
hemas in native CDA format so that when a 
hange has been doneon the Web Servi
e s
hemas, the previous re
ords will still be a

essible. The 
lients may66



Figure 3.29: Opening New Proje
ts and Input Filesalso dire
tly use the Web Servi
es deployed at the Ministry of Health for this purpose. It isexpe
ted that annual updates/
hanges will be done on the National Health Data Di
tionarywhi
h will a�e
t the Transmission S
hemas dire
tly.
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Figure 3.30: NHIS2CDA Transformer in A
tion
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CHAPTER 4AUTOMATIC MAPPING OF LOCALCODED TERMS IN EHR DOCUMENTSTO INTERNATIONAL COUNTERPARTS
When the 
onforman
e of lo
ally developed Ele
troni
 Health
are Re
ords to internationalstandards su
h as HL7 CDA or CEN EN 13606-1 is realized (example 
ases for Turkey aregiven in Chapters 3 and 5), the stru
ture level semanti
s of the EHR instan
es be
omeunderstandable by everyone (system, organization, et
.) who is able to pro
ess these stan-dards. This is truly an initial important step on the way to a
hieving interoperability. Withthe help of stru
ture level interoperability, at least the EHR do
ument 
an be pro
essedon the re
eiver side. In the 
ase of CDA for instan
e, the re
eiver knows that she 
an �ndthe patient demographi
s information under the re
ordTarget element. Or, when she seesinstan
es of CDA entry 
lasses like �a
t�, �observation�, �pro
edure�, et
., she will know whatthese 
lasses are used for.However, there are still things to be done at the 
ontent level semanti
s of the EHRdo
uments in order to 
onverge to 
omplete interoperability among the a
tors with di�er-ent settings. Consider the 
ase of EHR ex
hange between two 
ountries speaking di�erentlanguages; although they 
onform to the same EHR standard stru
ture, it is not possiblefor them to extra
t the written and/or lo
ally 
oded medi
al 
ontent. Similar problem mayeven appear between a
tors speaking the same language be
ause of the lo
al 
oding systemsthat are used within the do
uments. It is ne
essary to translate these lo
al elements to theirinternational 
ounterparts.For this purpose, as a part of our work, a Terminology Server based modular ar
hite
tureenabling automati
 mapping of the lo
al 
oded terms that exist in the EHR do
uments to69



international 
ounterparts has been developed. As the Terminology Server, the Uni�edMedi
al Language System (UMLS) Knowledge Sour
e Server (KSS) [84℄ has been used.UMLS provides se
ure Web Servi
es for querying the KSS for �nding 
lini
al 
on
epts,retrieving 
on
ept details, mapping 
lini
al terms, et
. These Web Servi
es have been usedfor automati
 translation of the lo
al 
oded terms to international 
ounterparts. The detailsof the UMLS Web Servi
es are presented in the following sub-se
tion.As the 
ase study, again the National Health Information System of Turkey is 
hosen.The NHIS messages were transformed into HL7 CDA R2 
onformant EHR do
uments asa result of the work des
ribed in the previous 
hapter. Now, the lo
al 
oded terms thatexist in these CDA do
uments are repla
ed with international 
ounterparts if possible. Asthe universal language, English is 
hosen for now but the system 
an be extended for otherlanguages. There are very spe
i�
 and detailed 
oding systems in Turkey, so sometimes itis impossible to �nd a 
ode from a universal 
oding system in the UMLS KSS. Su
h a 
aseis 
alled worst 
ase and as a solution, the 
oded value is repla
ed with its dire
t Englishmeaning.For instan
e, now it is possible to automati
ally repla
e 
ode �EKTANI� meaning �EkTan�� (se
ondary diagnosis) from the lo
al �Tan� Tipi� (diagnosis type) 
ode system with
ode �85097005� meaning �Se
ondary diagnosis� from the universal �SNOMED CT� [75℄ 
odesystem automati
ally.In this 
hapter, we �rst provide information about the UMLS Web Servi
es and thenpresent the developments.4.1 UMLS Knowledge Sour
e Server Web Servi
e APIThe Uni�ed Medi
al Language System (UMLS) Knowledge Sour
es and related lexi
al pro-grams, developed at the U.S. National Library of Medi
ine (NLM), provide a

ess to theUMLS. The UMLS Knowledge Sour
e Server (UMLSKS) is the set of ma
hines, programsand Appli
ation Programmer Interfa
es (APIs), written in Java, lo
ated and maintained bysta� at the NLM that allow a

ess to the UMLSKS servi
es [82℄.For a long time, UMLSKS is providing a Java Messaging Servi
e (JMS) based API butit has some disadvantages like the Java dependen
y and the ne
essity of registering ea
hand every IP from whi
h the API methods are 
alled. Moreover, some methods are alwaysresulting with ex
eptions with any kind of input. Currently, UMLSKS is also sharing ase
ure Web Servi
e API with fun
tions for retrieving Metathesaurus, Semanti
 Network,70



and SPECIALIST Lexi
on data from the UMLSKS.Independent of the Web Servi
e API, in order to bene�t from any UMLS servi
e in
ludingthe Web interfa
e, the users need to register. When the registration is 
on�rmed, a developer
erti�
ate is emailed to the user whi
h is ne
essary for a

essing the Web Servi
es. This
erti�
ate enables 
lient programs to authenti
ate users and to obtain single-use ti
ketsfor embedding in Web Servi
e API 
alls. There are two Web Servi
es provided by theUMLSKS; the �rst one is the Authenti
ation Web Servi
e (WSDL available at: http://-umlsks.nlm.nih.gov/authorization/servi
es/AuthorizationPort?wsdl) and the se
ond is theUMLSKS Web Servi
e (WSDL available at: http://umlsks.nlm.nih.gov/UMLSKS/servi
es-/UMLSKSServi
e?wsdl). They both support Simple Obje
t A

ess Proto
ol (SOAP) 1.2[76℄.The basi
 steps for obtaining UMLS data from the UMLSKS Web Servi
es are as follows:1. Establish a 
onne
tion to the Authenti
ation web servi
e.2. Obtain a proxy granting ti
ket (PGT) from the Authenti
ation web servi
e.3. Using the PGT, obtain single-use ti
kets from the Authenti
ation web servi
e to embedin ea
h UMLSKS web servi
e 
all.4. Build the 
all argument(s) to the UMLSKS5. Request the data from the UMLSKS web servi
e.If Java is used as the development platform, UMLS suggests using the Apa
he Axis WebServi
e library version 1.4 [3℄ whi
h is also preferred in our implementation.4.1.1 Authenti
ation Web Servi
eThe following 
ode snippet shows how to establish a 
onne
tion to the Authenti
ation WebServi
e and request ti
kets:A proxy granting ti
ket is generated by the Authenti
ation Web Servi
e using the user-name and password 
ombination of a valid user of the UMLSKS. The developer 
erti�
ateis also requested for Se
ure So
kets Layer (SSL) setup. On
e a proxy granting ti
ket is gen-erated, the 
lient appli
ation may request generation of single-use proxy ti
kets whi
h arene
essary for the API 
alls to the UMLSKS Web Servi
e. Ea
h UMLSKS Web Servi
e 
allmust have a single-use proxy ti
ket embedded in it or it will generate an ex
eption.71



// Properties for SSL Se
urity ProviderString proto
olProp = "java.proto
ol.handler.pkgs";String sunSSLProto
ol = "
om.sun.net.ssl.internal.www.proto
ol";String sslStoreProp = "javax.net.ssl.trustStore";// Enable SSL 
ommuni
ationSystem.setProperty(proto
olProp, sunSSLProto
ol);Se
urity.addProvider(new 
om.sun.net.ssl.internal.ssl.Provider());System.setProperty(sslStoreProp, 
ertPath);// Lo
ate the authenti
ation web servi
eURL authURL = new URL(host + authExtension);AuthorizationPortSoapBindingStub authStub = new AuthorizationPortSoapBindingStub(authURL, null);// Obtain a proxy granting ti
ketString pgt = authStub.getProxyGrantTi
ket(username, password);// Obtain a single-use proxy ti
ketString proxyTi
ket = authStub.getProxyTi
ket(pgt, host);Figure 4.1: Establish a Conne
tion to the Authenti
ation Web Servi
e4.1.2 UMLSKS Web Servi
eThe UMLSKS Web Servi
e provides a

ess to data through the 49 operations de�ned in itsWSDL. More information about some of the operations will be provided in the followingse
tion. The below 
ode snippet shows an example 
all for �nd a Con
ept Unique Identi�er(CUI) using an exa
t mat
hing of an input string. Con
eptIdExa
tRequest is generatedfor the �ndCUIByExa
t 
all for this purpose. All the operations have a similar stru
turerequesting the single-use proxy ti
ket as a part of the request. It is also possible to state therelease and language of the UMLS.4.1.3 UMLSKS Web Servi
e OperationsAs mentioned earlier, UMLSKS Web Servi
e API provides 49 operations for retrievingMetathesaurus, Semanti
 Network, and SPECIALIST Lexi
on data. These operations haveperfe
t do
umentation at the UMLSKS Developer's Guide [83℄. Here, some generi
 informa-tion about the operations is presented.The operations are grouped under �ve 
ategories:
• General Operations provide UMLSKS spe
i�
 information su
h as returning the 
urrentUMLS release. 72



// Lo
ate the UMLSKS web servi
eURL ksURL = new URL(host + ksExtension);UMLSKSServi
eSoapBindingStub ksStub = new UMLSKSServi
eSoapBindingStub(ksURL, null);// Build the request obje
tCon
eptIdExa
tRequest request = new Con
eptIdExa
tRequest();request.setCasTi
ket(proxyTi
ket);request.setRelease(release);request.setLanguage(lang);request.setSear
hString(sear
hString);// Exe
ute the operationCon
eptIdGroup group = ksStub.findCUIByExa
t(request);// Print the resultsObje
t[℄ 
ontents = group.getContents();for (int i = 0; i < 
ontents.length; i++) {Con
eptId 
id = (Con
eptId)
ontents[i℄;System.out.println("CUI: " + 
id.getCUI());} Figure 4.2: Obtaining UMLS Data from UMLSKS Web Servi
e
• Metathesaurus Operations provide a

ess to the resour
es of the Metathesaurus, su
has lo
ating a Con
ept Unique Identi�er (CUI), retrieving 
on
ept details, retrievingmappings between sour
e vo
abularies.
• Semanti
 Network Operations provide a

ess to the resour
es of the Semanti
 Network,su
h as lo
ating semanti
 network nodes, retrieving semanti
 relation properties andan
estors.
• Lexi
al Operations provide a

ess to the resour
es of the SPECIALIST Lexi
on as wellas other useful lexi
al operations, su
h as retrieving lexi
al re
ords, returning spellingsuggestions.
• Raw Re
ord Operations provide a

ess to the raw data of the three Knowledge Sour
es.SQL is supported in these operations.As an example spe
i�
 Metathesaurus operation, �Get Con
ept Properties� lo
ates detailsabout a 
on
ept based on the �ag settings given as input. The 
on
ept details in
lude theseelements: terminology, de�nition(s), semanti
 type(s), hierar
hi
al sour
e vo
abulary 
on-texts(s), relations with other 
on
epts, 
oo

urren
es in NLM literature, attributes atta
hedto a 
on
ept and 
on
ept's relationships. 73



As another Metathesaurus operation, whi
h proved to be very useful in our work, �FindLexi
al Unique Identi�er� returns the set of string lexi
al details for those strings in theMetathesaurus whose normalizations mat
h the normalizations of the input term. The resultsmay be further re�ned by spe
ifying a set of sour
es to sear
h and a language to mat
h.With this operation, it is possible to sear
h the string �asthma� in UMLS release 2008AAfor English language and get the list of terms presented in Table 4.1 from various 
odingsystems.Table 4.1: The Result of the �ndLUI Operation with Sear
h String �asthma�

4.2 The Developments for the Ar
hite
ture Enabling Auto-mati
 Coded Value Translation in CDA Do
umentsBased on the UMLSKS Web Servi
es, we have developed and extensible ar
hite
ture forautomati
 translation of lo
al 
oded terms that exist within EHR do
uments to their uni-versal equivalents. As the 
ase study, again National Health Information System of Turkeyis 
hosen. We have a
hieved the 
onforman
e of NHIS Transmission S
hemas to HL7 CDA74



R2 standard in the previous 
hapter. This was a 
riti
al step for a
hieving interoperabil-ity. Now, in order to enhan
e 
ontent level interoperability, the lo
ally de�ned 
oded valueswill be repla
ed with 
odes from international 
ode systems as mu
h as possible. There are177 
ode systems in the Health Coding Referen
e Server [74℄ and only 4 of them (ICD10,ICPC2, ICD10-ICPC2 Mapping and ATC) are international 
ode systems. So there aretons of lo
ally de�ned 
oded values, whi
h makes Turkey a perfe
t �t for our system. Ourmethodology is appli
able for all lo
ally de�ned EHRs as long as they involve 
oded values.In this se
tion, the developments in this respe
t are explained. First, we des
ribe howto easily lo
ate and gather the 
oded values from an EHR do
ument. Then we explain theinternal database that is built for storing the original and translated 
oded values and �nally
on
lude with the translation methodology.4.2.1 Lo
ating the Coded ValuesWe have the CDA do
uments of NHIS Turkey as the input. So, our input format is XML.As explained in the Enabling Te
hnologies and Standards se
tion, the XML Path Language(XPath) [98℄ provides an e�
ient me
hanism to address parts of an XML do
ument and itis the de fa
to standard for this purpose.A very simple XPath expression is su�
ient to retrieve all the elements of a CDA do
u-ment with HL7 data type CodedValue (CV)://hl7:
onfidentialityCode|//hl7:administrativeGenderCode|//hl7:ra
eCode|//hl7:
ode|//hl7:value[�xsi:type='CV'℄Figure 4.3: XPath Expression to Lo
ate All the CodedValues
This expression is enough to 
apture all the 
oded elements of a CDA do
ument thatare used in Turkey. Five individual expressions are 
ombined with OR operation. The �rstone lo
ates the 
on�dentiality 
ode of the do
ument, the se
ond one lo
ates gender of there
ord target, the third one lo
ates the ra
e 
ode of the re
ord target, the fourth one is themost generi
 one sin
e �
ode� element exists in all the 
lassed that are derived from the �A
t�
lass in the RIM and �nally the last one 
aptures the �value� attributes of the �Observation�
lass, whi
h are used to provide some diagnosis 
odes in Turkey with spe
ifying their datatypes as 'CV'. 75



The CDA 
onformant output of an example Examination Transmission S
hema is presentin Appendix B. Figure 4.4 presents some of the results when XPath expression in Figure 4.3is applied on the example CDA given in Appendix B. The �
odeSystemVersion� attribute isnot shown in this �gure in order to save spa
e.<
ode 
ode="MUAYENE-YENIDOGAN" 
odeSystem="2.16.840.1.113883.3.129.2.2.1"
odeSystemName="Döküman Tipi" displayName="Muayene MSVS (Yenido§an)"><
onfidentialityCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.77"
odeSystemName="Gizlilik" displayName="Normal"><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21" 
odeSystemName="Cinsiyet"displayName="Erkek"><
ode 
ode="TETKIKSONUCU" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"displayName="Tetkik Sonu
u Veriseti"><
ode 
ode="700490" 
odeSystem="2.16.840.1.113883.3.129.1.2.2" 
odeSystemName="SUT"displayName="Elektrokardiyogram, evde çekim"><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"displayName="Ç�k�³ Verisinin Oldu§u Bölüm"><
ode 
ode="4" 
odeSystem="2.16.840.1.113883.3.129.1.2.9" 
odeSystemName="Ç�k�³ �ekli"displayName="Kurum d�³�na sevk"><
ode 
ode="TETKIK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"displayName="Tetkik Verisinin Oldu§u Bölüm"><
ode 
ode="P608270" 
odeSystem="2.16.840.1.113883.3.129.1.2.2" 
odeSystemName="SUT"displayName="Bronkobiliyer fistül onar�m�"><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6" 
odeSystemName="Tan� Tipi"displayName="Ana Tan�"><value xsi:type="CV" 
ode="K55" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"displayName="BARSA�IN VASKÜLER BOZUKLUKLARI"><
ode 
ode="ILAC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"displayName="�laç Verisinin Oldu§u Bölüm"><
ode 
ode="8699546011209" 
odeSystem="2.16.840.1.113883.3.129.1.2.3" 
odeSystemName="�laçlar"displayName="ASPIRIN FORT TABLET 20 TB"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.48" 
odeSystemName="Reçete Türü"displayName="Normal"><value xsi:type="CV" 
ode="K25" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"displayName="Mide ülseri">Figure 4.4: An Ex
erpt from the Output of the XPath Expression on the CDA Instan
e
In our implementation Saxon is used as the XPath evaluator.
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4.2.2 Building the Lo
al DatabaseAs seen in Figure 4.4, there are many instan
es of lo
al 
odes in a single EHR do
ument andthis is not the 
omplete list in fa
t. Most lo
al 
odes used in NHIS, Turkey are de�ned underthe Health Coding Referen
e Server. There are 177 tables (i.e. 
ode systems) in the HCRSand 173 of them are de�ned lo
ally. These 
ode systems are de�ned during the developmentof the National Health Data Di
tionary. Some examples are:
• Fetus heart beat
• Patient dis
harge method
• Marital status
• Protein status in the urine
• Medi
ation usage method
• Anemia treatment method
• Injury history
• Pres
ription type
• Clini
s
• Addresses
• Va

ines
• Pro�
ien
iesThe 
omplete list is available at http://sbu.saglik.gov.tr/SKRS2_Listesi/. It is obviousthat there are very distin
t and Turkey-spe
i�
 
ode systems as well. The values of the�Fetus heart beat� 
ode system are presented in Table 4.2.Table 4.2: Fetus heart beat 
ode system
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Further lo
al 
ode systems have been de�ned during the development of the Transmis-sion S
hemas based on CDA. These are for 
oding the Clini
alDo
ument (whi
h representsthe Transmission S
hema), �rst-level se
tions (represent the Minimum Health Data Sets),se
ond-level se
tions (represent the wrappers for data elements in the NHDD, 
alled thedata se
tions) and one more for 
lassifying the diagnosis types. The values of the �Diagnosistype� 
ode system are presented in Table 4.3.Table 4.3: Diagnosis type 
ode system
We are using the �Find Lexi
al Unique Identi�er� operation of UMLSKS Web Servi
e for�nding all the available 
oded terms for a sear
h string. Our target language is English so,the sear
h strings should be in English language. However, as seen in the example messagesin Appendi
es and also in Figure 4.4, the displayName attributes of the 
oded elements arealways in Turkish, naturally. We have to know the English translation of these display namesfor querying the UMLSKS. An internal database is maintained both for this purpose andalso for storing the results 
oming from the UMLS (or user-de�ned translations) so that thenumber of Web Servi
e 
alls is redu
ed. Two 
lasses that handle the management of 
odedvalues are designed (see the 
lass diagram in Figure 4.5) and their instan
es are stored inthe database as persistent obje
ts.The �CodedValue� 
lass has �ve attributes:
• 
ode holds the lo
ally de�ned 
ode
• trDisplayName holds the real display name in Turkish
• enDisplayName holds the English translation of the trDisplayName
• prefCodeSystemName holds the name of a universal 
ode system whi
h may be pre-ferred by the users during the mapping pro
ess
• variant is an array of �UniversalCodedValue� 
lass for holding the universal 
ounter-parts of the 
oded term in this �CodedValue�.78



Figure 4.5: CodedValue Class Diagram for Persistent Obje
tsThe �UniversalCodedValue� 
lass has four attributes:
• id is an identi�er generated automati
ally by the database
• 
odeSystemName holds the name of the universal 
ode system
• 
ode holds the 
ode in the universal 
ode system
• displayName holds the display name of the 
ode in this 
lass. Normally, it is expe
tedto be the same with its parent �CodedValue� 
lass' enDisplayName but there may besome typographi
 di�eren
es whi
h are handled by the UMLS.The real instan
es of these 
lasses for the lo
al �Diagnosis type� 
ode system that ispresented in Table 4.3 are given in a tabular format in Table 4.4 and Table 4.5 (this rep-resentation is not the original database s
hema). The �rst table holds the elements of theoriginal diagnosis type 
ode system with three additional attributes as de�ned in the �Coded-Value� 
lass. The only manual step of the 
omplete system is entering the �enDisplayName�sof the lo
al 
odes. If this attribute is null, nothing 
an be done regarding the mapping. It isnot mandatory to provide a preferred 
ode system, in our example two lo
al 
odes have it;EKTANI and SEVKTANISI. If a value from this preferred 
ode system o

urs in the UMLSresponse, then it will be 
hosen. If it does not exist in the response, we have a priority listof universal 
ode systems and sele
tion is done on the basis of this list: 1) SNOMEDCT,79



2) ICD10 and 3) LOINC whi
h are the most widely used 
ode systems. If none of themappears in the UMLS response, than the sele
tion is done randomly. In any 
ase, all theuniversal 
odes that are retrieved from the UMLSKS �ndLUI operation are stored in thedatabase as they are; sele
tion is done during the mapping phase. As another option, theuser 
an oblige just English translation of the display name instead of mapping by inserting�ENGTRANSLATION� in the preferred 
ode system �eld.Table 4.4: �CodedValue� Instan
es for �Diagnosis Type� Code System

Table 4.5: Universal Variants for the �Diagnosis Type� Code System

The �id�s of the universal 
ounterparts of the 
oded values in Table 4.4 are given in thelast 
olumn and the details of these 
ounterparts are presented in Table 4.5. These valuesare retrieved from the UMLSKS. �Main diagnosis� has two, �se
ondary diagnosis� has four,�referral diagnosis� and �dis
harge diagnosis� have one and �
ompli
ation diagnosis� has zero
ounterparts from various universal 
ode systems. The results show that SNOMEDCT isthe most dominant one.Hibernate 3.2 is used for the management of persistent obje
ts in the database. Hibernateis a powerful, high performan
e obje
t/relational persisten
e and query servi
e [33℄. It isone of the most widely used Obje
t-Relational Mapping (ORM) tools. The most obvious80



advantage of using Hibernate in our work was being able to map one Java 
lass to anynumber of database tables. This fun
tionality is enabled by the �entity-name� property ofHibernate mappings. In our 
ase, we need to keep a separate table for ea
h of the lo
allyde�ned 
ode systems, whi
h makes around 180. However, the s
hemas of all the tables arethe same and we abstain from 
reating a new 
lass for ea
h table (whi
h is very ine�
ient).Now, with only one Java 
lass, we 
an rea
h any table by spe
ifying its entity-name in thequeries.4.2.3 Translation MethodologyWe have developed an algorithm for automati
 translation of the lo
ally de�ned 
oded el-ements. As it is seen in the previous se
tion, translation may not be straightforward; forinstan
e the UMLS 
an return zero 
oded terms for the sear
h string. What needs to bedone in these 
ases is determined by our algorithm. A pseudo-
ode like representation of thealgorithm is presented below.void translateNode(Node node) {// The obje
t for a

essing and querying the lo
al databaseCodedValueRepository 
vRep;// The obje
t for a

essing and querying the UMLSUMLSClient umlsks;// If the 
odeSystem attribute is null, there is nothing we 
an do be
ause we do not knowthe tableif(node.
odeSystem == null)return;// If the 
odeSystem does not exist in the lo
al database yet, again there is nothing to doif(
vRep.
he
kTable(node.
odeSystem) == null)return;// We are sure that we have a table in our db for the lo
al 
odeSystem. Now, we are queryingwhether the spe
ifi
 ``
ode'' appears in this tableCodedValue 
v = 
vRep.retrieve(node.
odeSystem, node.
ode);// If we don't have this 
ode in the table, then it means we do not know its Englishtranslation. So, returnif(
v == null)return;// If both an English translation and any variant is missing, then nothing to doif(
v.enDisplayName == null && 
v.variants == null)81



return;// If ENGTRANSLATION is dire
tly obliged in the db, then set the node.displayNameto 
v.enDisplayNameif(
v.prefCodeSystemName != null && 
v.prefCodeSystemName.equals(ENGTRANSLATION)) {node.displayName = 
v.enDisplayName;}// Else, we 
an look at the variants nowelse {// If the variants are null, do the UMLS queryif(
v.variants == null) {
v.variants = umlsks.getClini
alTerms(
v.enDisplayName);// Sin
e a UMLS query has been made, update the database with the retrieved values
vRep.update(node.
odeSystem, 
v);}// The variants were null, we queried the UMLS just a se
ond ago but still theymay be null if the UMLS response was empty. In this 
ase, the only option is to dothe English translationif(
v.variants() == null) {node.displayName = 
v.enDisplayName;;}// Else, it means that we have at least one variant. We will definitely do auniversalization in this blo
kelse {// We have to make a sele
tion from the available 
oded terms from the universal
ode systems, whi
h are 
urrently stored in the 
v.variants. The sele
tion
riteria is simple; if the variants 
ontain a 
oded term from ``prefCodeSystemName'',sele
t it. Else, if variants 
ontain a 
oded term from SNOMEDCT, sele
t it. Else,if variants 
ontain a 
oded term from ICD10, sele
t it. Else, if variants 
ontaina 
oded term from LOINC, sele
t it. Else, sele
t one of the variants randomly.int sele
ted = doSele
tion(
v.variants);// After the sele
tion is 
omplete, update the attributes of the input CDA nodewith the sele
ted universal 
oded termupdateNode(node, sele
ted);}}} The details of the algorithm are presented with 
omments. Basi
ally, we have a CDAnode of type �CV� to be translated. We 
he
k whether its 
odeSystem attribute exists in the82



do
ument and it is non-empty, then we 
ontrol our database whether we have already 
reateda table for its elements. In the negative 
ase, we abort the algorithm. As an importantnode related with the usage of 
ode systems, HL7 and 
onsequently HL7 CDA mandatethat whenever a 
oded term or instan
e identi�er appears in a message or do
ument, therelated 
ode system should be provided with its unique Obje
t Identi�er (OID). These uniqueidenti�ers have a format like �2.16.840.1.113883.3.129.1.2.1� and they have to be registeredto HL7. The OIDs de�ned in NHIS messages are already registered to HL7.Continuing with our algorithm, we retrieve our lo
al re
ord for the input CDA nodefrom the database. If its English translation is not provided and it does not already haveuniversal variants, again we stop the algorithm sin
e we 
an not query the UMLSKS withoutthe sear
h string. Else, we query the UMLSKS. If the response is empty, we just do the dire
tEnglish translation on the input node. If it is not empty, we 
he
k whether 
oded terms fromour preferred 
ode systems exist in the response. In the positive 
ase, one of them is sele
teda

ording to their priorities and the input node is updated with the sele
ted universal 
odedterm.4.2.4 Implementation DetailsMost of the implementation e�orts have been explained in the previous three se
tions in fa
t,so this se
tion will be a 
onsolidation upon those se
tions. As in the 
ase of NHIS2CDATransformer, the Universalizer is also designed as a servi
e rather than an attra
tive GUIsin
e it is planned to be deployed at the Ministry of Health servers and made available forpubli
 use through Web Servi
es that will be a
ting as a proxy between the Ministry ofHealth and the 
ross-border 
ountries 
apable of health
are data ex
hange.The implementation took pla
e on the Java 6 platform again. Axis library is used fora

essing UMLSKS Web Servi
es. Saxon is preferred as the XPath evaluator. The im-plementation a

epts CDA 
onformant transformations of the NHIS Transmission S
hemainstan
es either as a string or �le (it 
an also work on original Transmission S
hema in-stan
es but this does not make sense for interoperability) and returns the do
ument withits lo
al 
oded terms universalized, as mu
h as possible (to the degree that UMLS providestranslations in fa
t).The main 
omponents of the implementation are UMLSClient and CodedValueTranslatorwhi
h makes use of the XPathEvaluator. UMLSClient is 
on�gurable based on the UMLSversion, language and timeout of the Web Servi
e 
all. In order to prevent any stru
turalerrors on the do
ument that may appear during the translation, the output is validated83



against the CDA s
hema as the �nal step.Although the main purpose was to develop the Universalizer as a servi
e, a simple GUIas a part of the Transformation Environment for HL7 Messages of NHIS, Turkey has beendeveloped.

Figure 4.6: CDA CodedValue Universalizer in A
tion
Figure 4.6 shows the CDA CodedValue Universalizer in a
tion, as a built-in module of theTransformation Environment. As usual, it is possible to 
reate as many proje
ts as needed.The left-hand side is the input text area. When the �Universalize CDA 
oded values� buttonis pressed, the Universalizer reads the input, lo
ates all the 
oded values in it with the help ofXPathEvaluator, and for ea
h of them it 
alls the translateNode algorithm that is explainedin the previous se
tion. When all the nodes are 
ompleted, it 
alls the XSD Validator on theoutput and �nally prints the result on the output text area. All these steps are a
knowledgedto the user through the A
knowledgement panel at the bottom.Figure 4.4 presented some lo
ally de�ned 
oded values. Now, the 
orresponding trans-84



lations for some of these 
oded values are provided in Figure 4.7. All kinds of translationpossibilities are available in the �gure. Sometimes 
omplete universalization is possible as inthe 
ase of 
on�dentialityCode or administrativeGenderCode. But sometimes just an Englishtranslation is done as in the 
ase of �Test result data set� sin
e a universal 
ode 
annot befound for this string. The 
omplete output of the Universalizer for the Examination exampleis a

essible in our web page [56℄ but it 
annot be provided in the Appendix due to spa
elimitations.We are very pleased to bene�t from the UMLSKS Web Servi
es. They have perfe
tdo
umentation and high availability in terms of uptime. We have been testing the systemfor about a month and just for one day UMLS Release 2008AA was ina

essible while theother releases were still a

essible. �Find Lexi
al Unique Identi�er� operation is also ablerestri
t the sear
hing to be done only on the requested 
ode systems. So, if a 
ross-border
ountry only a

epts SNOMEDCT for instan
e, this 
an easily be a
hieved.Independent of the Web Servi
es, we have made some observations about the KnowledgeSour
e Server of UMLS. For some of its 
on
epts, it behaves very intelligently. For instan
e,when we make a query with �
ontagious disease�, it looks for �
ommuni
able disease� as well.But when �baby� is queried, �infant� 
annot be dedu
ed. As another example, SNOMEDCT
ode �8319008� is obtained for sear
h strings �main diagnosis� and �prin
ipal diagnosis�. Butsear
h for �primary diagnosis� returns null while �se
ondary diagnosis� returns four 
odedterms. We believe that these mappings will be enhan
ed with wide usage and 
ontributionfrom the �eld.
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<
ode 
ode="MUAYENE-YENIDOGAN" 
odeSystem="2.16.840.1.113883.3.129.2.2.1"
odeSystemName="Döküman Tipi" displayName="Muayene MSVS (Yenido§an)">with<
ode 
ode="302199004" 
odeSystem="2.16.840.1.113883.6.96" 
odeSystemName="SNOMEDCT"displayName="Examination"/><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21"
odeSystemName="Cinsiyet" displayName="Erkek">with<administrativeGenderCode 
ode="M" 
odeSystem="2.16.840.1.113883.5.1"
odeSystemName="AdministrativeGender" displayName="Male"/><
ode 
ode="TETKIKSONUCU" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"displayName="Tetkik Sonu
u Veriseti">with<
ode 
ode="TETKIKSONUCU" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Data Set"
odeSystemVersion="1.0" displayName="Test result data set"/><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6" 
odeSystemName="Tan� Tipi"displayName="Ana Tan�">with<
ode 
ode="8319008" 
odeSystem="2.16.840.1.113883.6.96" 
odeSystemName="SNOMEDCT"displayName="Main diagnosis"/><
ode 
ode="ILAC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"displayName="�laç Verisinin Oldu§u Bölüm">with<
ode 
ode="10160-0" 
odeSystem="2.16.840.1.113883.6.1" 
odeSystemName="LOINC"displayName="Medi
ations"/>Figure 4.7: Some Example Mapped Coded Values together with the Corresponding Lo
alCoded Values
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CHAPTER 5MAPPING HL7 CDA R2 TO CEN EN13606
In the previous 
hapters, we have explained how national/regional Ele
troni
 Health
areRe
ords 
an be transformed into international standards for enabling stru
ture level interop-erability as the initial step, and then developed a methodology based on UMLS TerminologyServer for automati
ally generalizing the lo
ally de�ned 
oded values within these EHRs forenhan
ing the 
ontent level interoperability. In both 
ases, the National Health InformationSystem of Turkey is the subje
t of our approa
hes and 
onformant HL7 CDA R2 do
umentsare produ
ed as the result.Although not popular as CDA, CEN EN 13606 Ele
troni
 Health Re
ord Communi
ation(EHR
om) is the European Standard for EHRs. CEN/TC 251 [77℄ is the te
hni
al 
ommitteeon Health Informati
s of the European Committee for Standardization (CEN) [10℄. EHR
omresults from the revision of the European pre-standard approved in 1999 and published in2000. Its goal is to de�ne a rigorous and stable information ar
hite
ture for 
ommuni
atingpart or all of the EHR of a single subje
t of 
are [11℄. Detailed information about EHR
omis presented in Se
tion 2.2 under Enabling Te
hnologies and Standards 
hapter.CEN EN 13606 
onsists of �ve parts. Parts 1 to 4 are published standards and Part 5 isat the �nal stages of the balloting phase:1. Referen
e Model spe
i�es the information ar
hite
ture of the EHR data ex
hangedbetween systems and servi
es.2. Ar
hetypes Inter
hange Spe
i�
ation spe
i�es the Ar
hetype Model and the languagewhi
h are used to 
onstrain the data.3. Referen
e Ar
hetypes and Term Lists presents some referen
e ar
hetypes and spe
i�es87



the 
ode lists whi
h are used with the standard.4. Se
urity spe
i�es the privileges and regulations ne
essary to a

ess data.5. Interfa
e Spe
i�
ation de�nes a set of interfa
es by whi
h the artifa
ts de�ned in 13606Parts 1, 2 and 4 may be requested and provided.In order to enri
h the interoperability support of our work, we have developed anotherXSLT based Adaptor for automati
ally 
reating CEN EN 13606 
onformant EHR instan
esfrom HL7 CDA R2 
onformant EHRs. Again, NHIS of Turkey is 
hosen as the subje
t ourwork. As a result, one of the �rst implementations of the CEN EN 13606-1 has been realized.More 
riti
ally, our literature survey shows that Turkey is the �rst 
ountry to support 
ross-border 
lini
al data ex
hange with more than one international standard at the same time,that is both as HL7 v3 CDA and CEN EN 13606.In this 
hapter, �rst we dis
uss our e�orts for developing an XML S
hema De�nition forCEN EN 13606-1. Unlike HL7, CEN does not provide any 
omputer pro
essable stru
turede�nition for this standard. After we have a s
hema to 
onform, we explain the mappingsbetween CDA and 13606-1 elements. Some example XSLT rules together with sample inputsand outputs are provided as well. Then we dis
uss the implementation details and �nallyprovide our observations gained through this 
hallenging pro
ess, whi
h we believe are veryvaluable sin
e this is one of the �rst implementations of the re
ently approved Europeanstandard.5.1 Developing the XML S
hema De�nition for CEN EN 13606Referen
e ModelUnlike HL7, CEN/TC251 does not provide an Implementation Te
hnology Spe
i�
ation ors
hemata for its Referen
e Model and thus the EHR do
uments. EN 13606-1 just models theReferen
e Model as a UML diagram and it is 
learly stated in the normative 
ontent of thestandard spe
i�
ation that a system for 
ommuni
ation of EHR information is 
onformantwith this standard if all information that is ex
hanged whi
h is within the s
ope of thisstandard 
an be expressed in a form where there is a dire
t 
orresponden
e between the
ommuni
ated data stru
ture and the information model of an EHR_EXTRACT de�nedusing UML [11℄. In one senten
e, for 
onforman
e all you need to do is be 
ompatible withthe UML 
lass diagram of the referen
e model. This is a very problemati
 disadvantage88



of the standard but further dis
ussion of this issue will be presented in the Observationsse
tion. The UML 
lass diagram of the referen
e model is given in Figure 5.1 [11℄.

Figure 5.1: The UML Class Diagram of CEN EN 13606-1 Referen
e Model
We have realized that we have to develop the XML S
hema De�nitions (XSD) of thereferen
e model by ourselves. But before starting, we have made a literature survey forlooking whether anybody initiated su
h a study beforehand. We dis
overed that a proje
tnamed LinkEHR that intends to develop a tool whi
h allows transformation and standard-89



ization of 
lini
al data using a dual model approa
h for the EHR ar
hite
ture; in parti
ularthe European Standard CEN/TC251 EN 13606 and OpenEHR initiated XSDs for EN 13606referen
e model [46℄.Thus, instead of starting from s
rat
h, we have built our work on top of their XSDs.However, LinkEHR XSDs are not a 
omplete 
overage of the EN 13606 referen
e model.They implement quite a re
ent version of the referen
e model but many 
lasses are missing inthe de�nitions and for the existing 
lasses some in
onsisten
ies are present. For instan
e, the
omplete DEMOGRAPHICS pa
kage that 
ontains 12 
lasses is missing. As an in
onsisten
yexample, the asso
iations of the FOLDER 
lass are modeled with 
ardinality one; howeverthey should be unbounded a

ording to the referen
e model. There are also some wrongde�nitions in the data types s
hema. All these missing 
lasses and in
onsistent de�nitionshave been identi�ed and the EN 13606-1 XSD has been developed as the ne
essary initialstep of our development. Still, our XSDs are not fully 
ompatible with the referen
e modelby intention sin
e there are many ine�
ient modeling issues in the original referen
e model.In order to over
ome these issues, some mandatory attributes have been made optional.These issues will be dis
ussed in the Observations se
tion.Due to spa
e limitations the developed XSDs 
annot be presented in the Appendix butthey are a

essible in our Web page [27℄. High level graphi
al view of the EN 13606 referen
emodel that has the EHR_EXTRACT as the root 
lass by default is presented in Figure 5.2.5.2 Mapping Pro
essIn order to generate CEN EN 13606-1 
onformant instan
es from HL7 CDA R2 instan
es,�rst we have to de�ne a mapping between the building blo
ks of CDA and 13606-1.The main hierar
hy 
omponents (
lasses) of the EHR Extra
t Referen
e Model are givenin Table 5.1 [11℄ together with some examples.The EHR_EXTRACT is used to represent part or all of the health re
ord informationof a single subje
t of 
are extra
ted from an EHR provider system for the purposes of 
om-muni
ation. HL7 CDA does not have su
h a 
on
ept, like dumping all the re
ords of anEHR system. FOLDER enables high-level logi
al grouping and organization of the COM-POSITIONs. COMPOSITION 
orresponds to a single 
lini
al session of re
ord intera
tionby de�nition, and Kalra and Lloyd [20℄ state that it 
orresponds to an HL7 CDA do
ument.However, we think that it is not possible to make su
h a stri
t restri
tion without knowingthe appli
ation of CDA in a spe
i�
 setting, as in the 
ase of NHIS, Turkey. Table 5.1 gives90



Figure 5.2: High Level View of the EN 13606 Referen
e Model S
hemaexamples for the referen
e model 
omponents. Examples to COMPOSITION are progressnote, laboratory test result, referral letter, dis
harge summary, diabetes review, et
. all ofwhi
h 
orrespond to Minimum Health Data Sets of the National Health Data Di
tionaryand are modeled as the �rst-level se
tions of the CDA, rather than the CDA itself. Both forthis reason and for better organizing the EHR instan
e, we map the Clini
alDo
ument toFOLDER and �rst-level CDA se
tions to COMPOSITION.91



Table 5.1: Main hierar
hy 
omponents of the EHR Extra
t Referen
e Model

SECTION represents the 
lini
al data within a COMPOSITION su
h as abdominal ex-amination, reason for en
ounter, et
. SECTION 
orresponds to the data element wrapperse
tions of the NHIS Transmission S
hemas whi
h are modeled as se
ond-level se
tions inthe CDA. ENTRY is known as the 
lini
al statement 
lass of referen
e model. Examplesin
lude observations, evaluations, and a pres
ribed drug. ENTRYs dire
tly map to the CDAEntry 
lasses (a
t, observation, substan
eAdministration, et
.) whi
h are also known as
lini
al statements. Part 3 - Referen
e Ar
hetypes and Term Lists [12℄ of EHR
om providessome tables mapping the HL7 entry 
lasses (A
t, Observation, Pro
edure, Substan
eAd-ministration, Supply and En
ounter) to CEN 13606 
lasses. On the CEN 13606 side, HL7entry 
lasses are mapped to a 
ombination of ENRTY, CLUSTER and ELEMENT 
lasses.However, these mappings are not a 
omplete 
overage of the CDA entry 
lasses; Consumableand Organizer are missing. In our implementation, during the transformation of CDA entry
lasses to CEN 13606 we stu
k to those mapping de�nitions in 13606-3 as mu
h as possibleand we made extensions for the missing parts.92



ELEMENT is the leaf node of the EHR hierar
hy 
ontaining a single value. ELEMENTs
an optionally be grouped within a CLUSTER to form multi-part data stru
tures. Thesetwo 
lasses 
orrespond to attributes and elements of the CDA Entry 
lasses most of the time.The relationships between the artifa
ts of NHDD, the Transmission S
hemas and HL7CDA R2 were provided beforehand. Now, in Figure 5.3 the mapping between TransmissionS
hemas, HL7 CDA R2 and CEN EN 13606-1 are presented.

Figure 5.3: Mapping CDA (generated from Transmission S
hemas) to EN 13606-1
On
e this mapping is de�ned, we have developed the ne
essary XSLT rules for automati
transformation of CDA instan
es to valid EHR
om instan
es. Some example transformationsand related XSLT rules are presented in the following sub-se
tion.5.2.1 Example Mappings and XSLT RulesAs the �rst example, we transform the re
ordTarget of a CDA instan
e to �demographi
_extra
t�of EN 13606 referen
e model. �demographi
_extra
t� element is used to store informationabout any parti
ipant of the EHR, in
luding the patient, author or health
are organization.93



Sin
e re
ordTarget holds information about the subje
t of 
are in CDA, we spe
ify the typeof �demographi
_extra
t� to �SUBJECT_OF_CARE_PERSON_IDENTIFICATION�.An example input re
ordTarget is given in Figure 5.4 EN 13606 referen
e model 
onfor-mant �demographi
_extra
t� instan
e for this re
ordTarget should look like the XML blo
kpresented in Figure 5.5.<re
ordTarget 
ontextControlCode="OP" typeCode="RCT"><patientRole 
lassCode="PAT"><id extension="12345678905" root="2.16.840.1.113883.3.129.1.1.1"/><patient 
lassCode="PSN" determinerCode="INSTANCE"><name><family>Yüksel</family><given>Mustafa</given></name><administrativeGenderCode 
ode="M" 
odeSystem="2.16.840.1.113883.5.1"
odeSystemName="AdministrativeGender" displayName="Male"/><birthTime value="19840101"/><ra
eCode 
ode="TR" 
odeSystem="2.16.840.1.113883.3.129.1.2.52" 
odeSystemName="Uyruk"
odeSystemVersion="1.0" displayName="Türkiye"/></patient></patientRole></re
ordTarget> Figure 5.4: An Example re
ordTarget from CDA
As it is seen in the �gures, sin
e the base referen
e information models of HL7 CDAand CEN EN 13606 are substantially divergent, the XML blo
ks for representing the sameinformation are very di�erent. This fa
t in
reases the transformation e�orts as well. TheXSLT rules for transforming Transmission S
hemas to CDA were not very 
omplex but thistime they are rather 
ompli
ated and long. The XSLT rule for transforming re
ordTarget ofCDA into demographi
_extra
t is given in Figure 5.6 and Figure 5.7.As the se
ond example, we transform a CDA entry 
lass, namely observation, to EN13606 by using the mapping de�nitions from CEN 13606-3 - Referen
e Ar
hetypes and TermLists. An example observation instan
e is presented in Figure 5.8. This is a very 
ompa
texample; it has four elements two of whi
h are simple attributes. �
lassCode� de
lares thatthis is an Observation 
lass. �moodCode� value �EVN� states that this observation is anevent, already 
ompleted. Then the instan
e has two elements, �
ode� for annotating themeaning of the observation, whi
h is �Main diagnosis� from SNOMEDCT and �value� for94



<demographi
_extra
t xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e"xsi:type="SUBJECT_OF_CARE_PERSON_IDENTIFICATION"><extra
t_id><extension>12345678905</extension><assigningAuthorityName>NVI, Turkey</assigningAuthorityName><validTime/><root><oid>2.16.840.1.113883.3.129.1.1.1</oid></root></extra
t_id><name><use><
odeValue>Patient Name</
odeValue></use><validTime/><namePart><entityPartName>Yüksel</entityPartName><namePartType><
odeValue>FAM</
odeValue></namePartType><namePartQualifier><
odeValue>CL</
odeValue></namePartQualifier></namePart><namePart><!-- Mustafa similar to above namePart --></name><administrativeGenderCode><
odingS
heme><oid>2.16.840.1.113883.5.1</oid></
odingS
heme><
odingS
hemeName>AdministrativeGender</
odingS
hemeName><
odingS
hemeVersion/><
odeValue>M</
odeValue></administrativeGenderCode><birthTime><time>19840101</time></birthTime></demographi
_extra
t>Figure 5.5: The Corresponding Conformant EN 13606-1 demographi
_extra
t for re
ord-Targetpresenting this diagnosis as a 
oded value from ICD-10 meaning malaria.CEN 13606-3 models this CDA entry 
lass as an ENTRY in the 13606 referen
e model.This ENTRY involves one CLUSTER 
omposed of ELEMENTs ea
h of whi
h are used for95



<xsl:element name="demographi
_extra
t"><xsl:attribute name="xsi:type">SUBJECT_OF_CARE_PERSON_IDENTIFICATION</xsl:attribute><xsl:element name="extra
t_id"><xsl:element name="extension"><xsl:value-of sele
t="hl7:re
ordTarget/hl7:patientRole/hl7:id/�extension"/></xsl:element><xsl:element name="assigningAuthorityName">NVI, Turkey</xsl:element><xsl:element name="validTime"/><xsl:element name="root"><xsl:element name="oid"><xsl:value-of sele
t="hl7:re
ordTarget/hl7:patientRole/hl7:id/�root"/></xsl:element></xsl:element></xsl:element><xsl:for-ea
h sele
t="hl7:re
ordTarget/hl7:patientRole/hl7:tele
om"><xsl:
all-template name="transTele
om"/></xsl:for-ea
h><xsl:if test="hl7:re
ordTarget//hl7:patient/hl7:name"><xsl:element name="name"><xsl:element name="use"><xsl:element name="
odeValue">Patient Name</xsl:element></xsl:element><xsl:element name="validTime"/><!-- family --><xsl:element name="namePart"><xsl:element name="entityPartName"><xsl:value-of sele
t="hl7:re
ordTarget//hl7:patient/hl7:name/hl7:family"/></xsl:element><xsl:element name="namePartType"><xsl:element name="
odeValue">FAM</xsl:element></xsl:element><xsl:element name="namePartQualifier"><xsl:element name="
odeValue">CL</xsl:element></xsl:element></xsl:element><!-- given --><xsl:element name="namePart"><xsl:element name="entityPartName"><xsl:value-of sele
t="hl7:re
ordTarget//hl7:patient/hl7:name/hl7:given"/></xsl:element><!-- Similar to the above but "GIV" and "CL" are inserted --></xsl:element></xsl:element></xsl:if>Figure 5.6: XSLT Rule for Transforming re
ordTarget to demographi
_extra
t (Part 1)
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<xsl:for-ea
h sele
t="hl7:re
ordTarget/hl7:patientRole/hl7:addr"><xsl:
all-template name="transAddr"/></xsl:for-ea
h><xsl:element name="administrativeGenderCode"><xsl:
all-template name="CV2CS"><xsl:with-param name="inp1"sele
t="hl7:re
ordTarget//hl7:patient/hl7:administrativeGenderCode"/></xsl:
all-template></xsl:element><xsl:element name="birthTime"><xsl:element name="time"><xsl:value-of sele
t="hl7:re
ordTarget//hl7:patient/hl7:birthTime/�value"/></xsl:element></xsl:element></xsl:element>Figure 5.7: XSLT Rule for Transforming re
ordTarget to demographi
_extra
t (Part 2)<observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="8319008" 
odeSystem="2.16.840.1.113883.6.96" 
odeSystemName="SNOMEDCT"displayName="Main diagnosis"/><value 
ode="B54" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Malaria" xsi:type="CV"/></observation> Figure 5.8: An Example observation from CDAmodeling one property (attribute/element) of the CDA entry 
lass. Our instan
e has fourproperties, 13606-3 skips the �
lassCode� attribute be
ause they say that it has a �xed valuewhi
h is 
ompletely wrong. In the CDA entry 
lasses, both the �
lassCode� and �moodCode�attributes are mandatory sin
e they do not have �xed values.Continuing with the example, we have three properties to map to the ELEMENTs. Asmall part of the EN 13606 
onformant 
ounterpart of our observation instan
e is presentedin Figure 5.9.As it is truly obvious, the result is huge although we just display one ELEMENT insteadof three. 4 lines of observation instan
e in the CDA is represented in EHR
om with 177 lines.Expressivity of EHR
om is too 
omplex and it 
ontains a lot of redundant mandatory ele-ments even for the leaf nodes whi
h should just present the values. It is impossible for an EHRsystem to have a globally unique identi�er (r
_id in EHR
om) for leaf nodes for instan
e,but EHR
om expe
ts this value for all 
lasses sin
e the abstra
t RECORD_COMPONENT
lass, whi
h all the other 
lasses are derived from, has it as mandatory element. Moreover,97



<parts xsi:type="ELEMENT"><r
_id><extension>NA</extension><assigningAuthorityName>NHIS, Turkey</assigningAuthorityName><validTime/><root><oid>NA</oid></root></r
_id><name><originalText>A
t 
ode</originalText></name><meaning><
odingS
heme><oid>987654321.1</oid></
odingS
heme><
odingS
hemeName>CEN/TC251/EN13606-3:RECORD_COMPONENT_MEANING</
odingS
hemeName><
odingS
hemeVersion>1.0</
odingS
hemeVersion><
odeValue>HL7-04</
odeValue><displayName>A
t_
ode</displayName></meaning><synthesised>false</synthesised><item_
ategory><
odingS
heme><oid>987654321.3</oid></
odingS
heme><
odingS
hemeName>CEN/TC251/EN13606-3:ITEM_CATEGORY</
odingS
hemeName><
odingS
hemeVersion>1.0</
odingS
hemeVersion><
odeValue>IC01</
odeValue></item_
ategory><value xsi:type="CV"><
odingS
heme><oid>2.16.840.1.113883.6.96</oid></
odingS
heme><
odingS
hemeName>SNOMEDCT</
odingS
hemeName><
odingS
hemeVersion/><
odeValue>8319008</
odeValue><displayName>Main diagnosis</displayName></value></parts>Figure 5.9: A Small part of the Corresponding Conformant EN 13606 ENTRY for observationthis id has to 
ome from the EHR system itself. For this reason, we are not allowed togenerate it. So, we have provided �NA� values for su
h elements. Su
h disadvantages ofEHR
om are dis
ussed in the Observations se
tion.98



We 
annot present the XSLT rule for the above example in order to save spa
e. The
omplete XSLT �le and CEN 13606 
onformant output of our Examination CDA are availablein our Web page [58, 54℄.5.3 Implementation DetailsNo additional 
omponent has been implemented for the purpose of CDA to CEN 13606 trans-formations; all the 
omponents were already available from the NHIS to CDA transformationmodule. Just the XSLT rules have been developed.Similarly with the work done in the previous 
hapters, this module is also designed asservi
e rather than a GUI. The servi
e a

epts 
onformant CDA instan
es as a �le or stringand returns the 
orresponding CEN 13606 
onformant transformation. This servi
e will alsobe deployed as a Web Servi
e to the Ministry of Health servers for enabling 
ross-border
lini
al data ex
hange with the European standard. As a result of our work, Turkey is the�rst 
ountry to support EHR ex
hange with more than one international standard at thesame time.A graphi
al user interfa
e is also developed as a part of the Transformation Environmentfor HL7 Messages of NHIS, Turkey interfa
e. A s
reenshot of the interfa
e is presented inFigure 5.10. The �CDA to 13606-1� button initiates the transformation pro
ess. The outputis subje
t to XSD validation as in the previous 
ases. The user is a
knowledged through thepanel at the bottom.5.4 ObservationsWe believe that we have gained valuable experien
e by implementing the re
ently publishedEuropean Standard CEN/ISO 13606 (part 5 is still not published by the way). As one ofthe �rst implementers of the standard, we fa
ed with many 
hallenges. In this se
tion, a listof these 
hallenges and our opinions for some aspe
ts of the standard are presented:
• As the major disadvantage, CEN 13606 does not provide a 
omputer pro
essables
hema for its referen
e model. For being implementation te
hnology independent,the UML 
lass diagrams of the referen
e model are provided, whi
h is perfe
tly �ne.But, in order to enable uniqueness among the implementations of the standard, itshould de�nitely be supported with Implementation Te
hnology Spe
i�
ations as inthe 
ase of HL7. XML is the dominant standard today, so XML ITS will su�
e for99



Figure 5.10: CDA to CEN 13606 Transformer in A
tionnow. Hopefully the non-
omplete part of 13606, namely Part 5: Interfa
e spe
i�
ation,�lls in this la
k in the near future.
• In relationship with the above item, the 
onforman
e of CEN 13606 
annot be testedsin
e there is not a 
ommon s
hema for it. As a dire
t result, it is not possible fortwo di�erent implementers of the standard to interoperate in a plug'n play manner.In the normative se
tions of the standard, it is 
learly stated that an EHR systemis 
onformant with the standard as long as there is a dire
t 
orresponden
e betweenits 
ommuni
ated data stru
ture and the information model of the EHR_EXTRACTde�ned using UML. European-level interoperability is expe
ted from this standard;with the 
urrent status this is not a
hievable.
• The expressivity of the referen
e model is too 
ompli
ated and there are many redun-dant but mandatory elements. As an example, 25 KBs CDA do
ument is transformedinto 174 KBs EHR
om do
ument. The situation is mu
h worse when the numberof lines is 
ompared. A single �moodCode� attribute of a CDA entry 
lass 
an be100



represented with an ELEMENT instan
e of 34 lines at minimum. This a�e
ts thereadability of the EHR do
ument as well.
• Although there are more redundant mandatory attributes, the most problemati
 oneis the �r
_id� whi
h is used to present the globally unique identi�er of the 
lassesthat are derived from the abstra
t RECORD_COMPONENT 
lass. Almost all of the
lasses are derived from RECORD_COMPONENT. It is 
ompletely normal to requestunique identi�ers for high level 
omponents su
h as FOLDER, COMPOSITION orSECTION. But it is nonsense to request these from leaf-level 
omponents that areused for presenting values. For instan
e, a �moodCode� or a 
oded term from ICD-10
annot have an r
_id.
• The same problem is observed in some of the data types as well. For instan
e, the�TEXT� data type mandates the use of �
harset� and �language� attributes for ea
h�TEXT� instan
e. This is in
redible; an EHR do
ument may involve hundreds ofTEXT elements and for ea
h of them 
hara
ter set and language information have tobe provided. Most probably, this will multiply the size of the do
ument by three orfour. Instead, the 
hara
ter set and language information 
an be noti�ed at the root orse
tion levels. Similarly, instan
e identi�er (II) data type always requires �validTime�attribute. This should be optional so that it is used only if there is a limitation of thevalidity time of an instan
e identi�er. The rest of the data types are not very di�erent,almost all of their attributes are mandatory.
• Related with the expressivity and readability issues, it is obvious that CEN 13606 needssome more 
lasses designed for spe
i�
 purposes; the most required ones being entry
lasses as in the 
ase of HL7. The ENTRY - CLUSTER - ELEMENT 
ombinations
an handle any kind of data (espe
ially when they are modeled with ar
hetypes) butthey grow to enormous sizes and readability disappears. There is an ongoing workfor modeling EHR
om with the HL7 Referen
e Information Model [14℄. As the �nalprogress, D-MIM and R-MIM of EHR_EXTRACT referen
e model was developed.If this study is 
on
luded with a well-de�ned s
hema for 13606, then most of the
hallenges explained in this se
tion will melt away.
• It is a must to use ISO Obje
t Identi�ers (OID) for identifying 
ode systems. How-ever, it is impossible to �nd the OID values for the 
ode systems that are de�ned byCEN/TC251 itself. In our implementation, we had to make up these values. Further-101



more, there is not a standardization of the 
ode system names as well.
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CHAPTER 6RELATED WORK
Providing the interoperability of heterogeneous health
are information systems has alwaysbeen an a
tive resear
h area.There are several proje
ts granted for proposing solutions to the eHealth interorabilityproblem. One example is the RIDE proje
t (A Roadmap for Interoperability of eHealth Sys-tems in Support of COM 356 with Spe
ial Emphasis on Semanti
 Interoperability) [66℄ thatis supported by the European Commission. In the se
ond version of its roadmap [69℄, RIDEhas proposed an ar
hite
ture entitled the European Health
are Network whi
h aims to realizeintegration of di�erent medi
al systems in a 
on�gurable network of inter
onne
ted organi-zations so that the proposed European Health
are Network is �exible by design, allowingsmooth involvement of the lega
y systems within the network. Our work is in 
ollaborationwith the �Adaptor� model of RIDE European Health
are Network.In addition to supporting su
h interoperability proje
ts, the European Commission pub-lishes re
ommendations for 
ross-border eHealth interoperability [63, 64℄. The renewed dead-line for establishing EU-wide EHR ex
hange is 2015. The abovementioned RIDE EuropeanHealth
are Network is also re
ognized by the eHealth Interoperability Re
ommendation ofthe European Commission.As an example more 
on
rete solution, [5℄ des
ribes how to mediate between HL7 Version2 and HL7 Version 3 messages based on semanti
s. [60℄ des
ribes how two di�erent EHRstandards (namely HL7 CDA and CEN EN 13606 as in our 
ase) derived from the sameReferen
e Information Model 
an be mapped to ea
h other by using ar
hetypes, Re�nedMessage Information Model derivations and semanti
 tools. In our work, �rst of all, theEHR standards are not derived from the same RIM, they are kept as original. Se
ondly, thiswork addresses the mapping of only 
lini
al statements while our work if for mapping theentire referen
e model of the standards. 103



There is an ongoing standardization e�ort for the harmonization of data types for in-formation ex
hange as a result of valuable 
ombination of requirements from HL7 Version3, ISO 11404, CEN 13606 and past ISO work on health
are data types and joint e�orts ofISO/TC 215, HL7 and Conne
ting for Health [25℄. A
hieving uniqueness at the data typelevel is very important for enabling interoperability between di�erent health
are standards.With this e�ort, for instan
e it will be possible to map HL7 CDA instan
es to CEN EN13606 instan
es more easily. A detailed survey and analysis of HL7 CDA, CEN 13606 andmany more EHR standards is done in [28℄.There is an ongoing work jointly by HL7 and CEN experts for modeling EHR
om withthe HL7 Referen
e Information Model [14℄. As the �nal progress, D-MIM and R-MIM ofEHR_EXTRACT referen
e model was developed. If this study is 
on
luded with solidresults, a
hieving interoperability of CEN EHR
om and HL7 CDA will be an easy problem.But unfortunately, no re
ent progress is observed.LinkEHR proje
t [46℄ supported by the Spanish Ministry of Edu
ation and S
ien
e in-tends to develop a tool whi
h allows transformation and standardization of 
lini
al datausing a dual model approa
h for the EHR ar
hite
ture; in parti
ular the European StandardCEN/TC251 EN 13606 and OpenEHR [61℄.The most similar e�ort to a part of our work was announ
ed in Belgium for 
onvertinginstan
es of the lo
ally developed �Kind Messaging for the Ele
troni
 Health
are Re
ords�(Kmehr) [44℄ standard to HL7 CDA using XSLT [45℄. However, the information 
onsists ofjust a single senten
e and no re
ent development is observed.An important aspe
t of semanti
 interoperability in the health
are domain is the termi-nologies. Uni�ed Medi
al Language System (UMLS) [81℄ explained in the Enabling Te
h-nologies and Standards se
tion is a widely used Terminology Server whi
h is also a 
riti
al
omponent of our work. Similar work 
ontinues with the joint e�orts of HL7 and ISO forde�ning and standardizing Common Terminology Servi
es (CTS) [17℄ that de�nes an Ap-pli
ation Programming Interfa
e (API) that 
an be used when a

essing and ex
hangingterminologi
al 
ontent. The 
overage and des
ription of the API is satisfa
tory. Moreover,Web Servi
e Des
ription Language (WSDL) bindings of the APIs are provided as normative
ontent. The importan
e of CTS will be
ome more obvious with the �rst examples of trulyautomati
 
ross-border 
lini
al data ex
hange, hopefully within the next few years. However,there are still some points that CTS has to improve itself. Currently CTS Mapping APIprovides an interfa
e for mapping from lo
al 
on
epts to the standardized 
odes or betweendi�erent standardized 
ode sets but the mapping model is quite limited for now. In any 
ase,104



CTS de�nes just the interfa
es. On the other hand, what we a
hieved based on UMLS is areal implementation that 
an also be updated to implement CTS interfa
es.
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CHAPTER 7CONCLUSION AND FUTURE WORK
Today, the appli
ation of information and 
ommuni
ation te
hnologies to health domain ison the agenda of many 
ountries and most of them have already a

omplished some develop-ments for establishing a 
omplete national/regional ele
troni
 health
are infrastru
ture. Themain aim of these e�orts is to make Ele
troni
 Health
are Re
ords of a patient a

essibleanywhere at any time to all authorized users. This is even valid in the 
ross-border 
ase. Af-ter experien
ing the bene�ts of lo
al health
are infrastru
tures, su
h as e�e
tive and e�
ientpatient 
are by fa
ilitating the retrieval and pro
essing of 
lini
al information about a patientfrom di�erent sites, initiatives en
ouraging higher-level 
lini
al data ex
hange boosted theira
tivities. A 
loser example is the European Commission publishing eHealth interoperabilityre
ommendations to the EU Member States and looking forward to realizing freely travelingEuropean 
itizen with her distributed EHRs s
enario. Another example is the USA trying toshare EHRs among the Regional Health Information Organizations through National HealthInformation Network (NHIN).Interoperable 
ross-border 
lini
al data ex
hange is an ambitious goal and naturally ithas some 
hallenges. There are plenty of standards and spe
i�
ations in the health
areinformati
s domain for di�erent needs at di�erent levels, i.e. messaging standards, EHRstandards, terminology 
oding systems and so on. This variety in
reases when the lo
allydeveloped standards and 
oding systems by the nations or states appear on the s
ene. We
an 
on�dently say that ea
h 
ountry has its own EHR standard and in the 
ase of a multi-party EHR ex
hange, it is not logi
al to realize all possible 
ombinations of mappings amongthese standards. What needs to be done is obvious as already reported to the EuropeanCommission with RIDE Roadmaps II and III [69℄ Ea
h parti
ipant in the network shall
ontinue to maintain its lo
al infrastru
ture and standards as they are. Only in the 
ase of
ross-border data ex
hange, ea
h parti
ipant is responsible for transforming its lo
al EHR106



instan
es to one (or more) 
ommonly agreed format whi
h should be 
hosen among thewidely a

epted international standards, su
h as HL7 CDA and CEN EHR
om. This way,the lega
y systems of the parti
ipants will 
ontinue working as they used to do. On top ofthese lega
y systems, there is a need for the development of �Adaptors� that will fa
ilitatethe transformation pro
ess.Espe
ially in a multilingual network, as in the 
ase of Europe, it is de�nite that themapping of the lo
al EHR 
ontent to the 
ommonly agreed format, whi
h we 
all stru
turelevel 
onforman
e, will not su�
e. It is undeniable that lo
ally developed 
oded terms existin the lo
al EHRs and in order to a
hieve true semanti
 interoperability, those terms shall betranslated to a 
ode system or language that the other parti
ipants in the network 
an un-derstand. This ne
essitates a Terminology Server based automati
 translation environmentfor the 
oded terms.In a

ordan
e with the above mentioned methodology for 
ross-border interoperable EHRex
hange, in this thesis we have made signi�
ant 
ontribution. We were lu
ky enough toapply all of our approa
hes to the National Health Information System of Turkey. Oura
hievements 
an be summarized as follows:
• Turkey adapted HL7 CDA R2 as the EHR standard but unfortunately, in order tomeet all national requirements dire
tly at the s
hema level, many 
hanges have beendone on the original CDA S
hema that broke the 
onformity of lo
al �TransmissionS
hemas� to CDA. In terms of our methodology, here the �Transmission S
hemas� arethe lo
ally developed EHRs and CDA is the 
ommonly agreed format that we need to
onform. For this purpose, we have developed an XSL Transformations (XSLT) basedAdaptor to automati
ally generate CDA 
onformant instan
es from the �TransmissionS
hema� instan
es.The Adaptor will be deployed as a Web Servi
e to the Ministry of Health servers thatwill be a
ting as a proxy between the Ministry of Health and the 
ross-border 
ountries
apable of health
are data ex
hange. Moreover, MoH is planning to ar
hive the EHRsre
eived from the health
are organizations in native CDA format. For this purpose,the transformer will be deployed as a front-end to the 
entralized database.Another use of the Adaptor may be on the NHIS 
lients' side; the 
lients 
an storethe generated Transmission S
hemas in native CDA format so that when a 
hange hasbeen done on the Web Servi
e s
hemas, the previous re
ords will still be a

essible.It is expe
ted that annual updates/
hanges will be done on the National Health Data107



Di
tionary whi
h will a�e
t the Transmission S
hemas dire
tly.
• Stru
ture level interoperability a
hieved in the previous bullet enables the pro
essabil-ity of the EHR instan
e by anyone that 
onforms to the related standard. However,there are still things to be done at the semanti
 level of the EHR do
uments in orderto 
onverge to 
omplete interoperability among the a
tors with di�erent settings. Forthis purpose, Uni�ed Medi
al Language Systems (UMLS) based modular ar
hite
tureenabling automati
 universalization of the lo
al 
oded terms that exist in the EHRdo
uments has been developed. UMLS Knowledge Sour
e Server (KSS) Web Servi
esare used for sear
hing for international 
ounterparts to the lo
al 
oded terms that existin the EHR do
uments.There are very spe
i�
 and detailed 
oding systems in Turkey that are shared throughHealth Coding Referen
e Server. HCRS is really a 
hallenging test suite for our uni-versalizer and UMLS Terminology Server. We have listed the strong and weak pointsof the UMLS based on our experien
e. Furthermore, our universalizer is suitable withthe Common Terminology Server (CTS) approa
h of HL7.Again, this module will be deployed as a Web Servi
e to the Ministry of Health serversfor publi
 use.
• Although not popular as CDA, CEN EN 13606 Ele
troni
 Health Re
ord Commu-ni
ation (EHR
om) is the European Standard for EHRs. In order to enri
h the in-teroperability support of our work, we have developed another XSLT based Adaptorfor automati
ally 
reating CEN EN 13606 
onformant EHR instan
es from HL7 CDAR2 
onformant EHRs. As a result, one of the �rst implementations of the CEN EN13606-1 has been realized.This Adaptor will be made publi
 through a Web Servi
e deployed at the Ministry ofHealth, as well.
• Our work proved that when a lo
al implementation is already based on internationalstandards as mu
h as possible, the mapping e�orts de
rease enormously. Thus, devel-opment of a proprietary format instead of adapting a standard de
reases interoperabil-ity. Mapping but CDA based (not 
onformant) Transmission S
hemas to the originalCDA was way easier than mapping them to CEN EHR
om.
• Our literature survey shows that, with the 
ompletion of our work Turkey is the �rst
ountry to support 
ross-border EHR ex
hange with more than one international stan-108



dard (HL7 CDA and CEN EHR
om) at the same time while majority of the other
ountries are unable to support one international standard.
• We have gained valuable experien
e by implementing the re
ently published EuropeanStandard CEN/ISO 13606. As one of the �rst implementers of the standard, we fa
edwith many 
hallenges. We presented the weak points of CEN 13606 as a very detailedlist whi
h in
ludes items regarding the referen
e model, data types, expressivity issues,la
k of s
hemata, and so on. We believe that CEN 13606 will 
ontinue to improve withthe feedba
ks 
oming from real implementations in the industry, as in our 
ase.As the future work, we plan to implement the Mapping interfa
e of the HL7 CommonTerminology Servi
es. Moreover, although we tried our best to provide a generi
 mapping,the 
urrent transformation of CDA to EHR
om is rather NHIS, Turkey 
entri
 sin
e we hadinstan
es from NHIS. In the future this 
an be over
ome when we have a 
olle
tion of CDAinstan
es from di�erent settings.

109



REFERENCES
[1℄ The Family Medi
ine Information System (FMIS). http://www.sagliknet.saglik.gov.tr-/portal_pages/notlogin/vatandas/vatandas_ailehekimiprototipi.htm, last visited onAugust 2008.[2℄ Ameri
an National Standards Institute (ANSI). http://www.ansi.org/, last visited onAugust 2008.[3℄ Apa
he Axis Web Servi
e Library for Java. http://ws.apa
he.org/axis/, last visitedon August 2008.[4℄ S. K. Be
hhofer, C. A. Goble, A. L. Re
tor, and W. D. Solomon. Terminologies andterminology servers for information environments. In Pro
eedings of the 8th Inter-national Workshop on Software Te
hnology and Engineering Pra
ti
e, pages 484�497,1997.[5℄ V. Bi
er, G. Lale
i, A. Doga
, and Y. Kabak. Artemis message ex
hange framework:semanti
 interoperability of ex
hanged messages in the health
are domain. ACM Sig-mod Re
ord, 34(3):71�76, 2005.[6℄ Clini
al Do
ument Ar
hite
ture, Release 2. http://www.hl7.org/v3ballot/html-/infrastru
ture/
da/
da.htm, last visited on August 2008.[7℄ HL7 CDA Conforman
e. http://www.hl7.org/v3ballot/html/infrastru
ture/
da-/
da.htm#CDA_Conforman
e, last visited on August 2008.[8℄ HL7 Clini
al Do
ument Ar
hite
ture (CDA) Re�ned Message Informa-tion Model (R-MIM). http://www.hl7.org/v3ballot/html/infrastru
ture/
da-/
da.htm#HL7_CDA_RMIM, last visited on August 2008.[9℄ Clini
al Do
ument Ar
hite
ture (CDA) S
hema. http://www.hl7.org/v3ballot/html-/infrastru
ture/
da/CDA.xsd, last visited on August 2008.110



[10℄ European Committee for Standardization (CEN). http://www.
en.eu/, last visited onAugust 2008.[11℄ CEN EN 13606-1. Health informati
s � Ele
troni
 health re
ord 
ommuni
ation �Part 1: Referen
e model. Te
hni
al Report EN 13606-1, European Committee forStandardization, Brussels, Belgium, 2007.[12℄ CEN EN 13606-3. Health informati
s � Ele
troni
 health
are re
ord 
ommuni
ation �Part 3: Referen
e Ar
hetypes and Term Lists. Te
hni
al Report EN 13606-3, EuropeanCommittee for Standardization, Brussels, Belgium, 2008.[13℄ CEN ENV 13606. Medi
al informati
s � Ele
troni
 health re
ord 
ommuni
ation.European prestandard env 13606, European Committee for Standardization, Brussels,Belgium.[14℄ HL7 Implementation Guide for 13606. http://www.hl7.org.uk/repository/uploads-/402/1/HL7%20Implementation%20Guide%20for%2013606%20s
opev0r6.do
, lastvisited on August 2008.[15℄ HL7 Version 3 Standard: Clini
al Statement Pattern, Release 1. http://www.hl7.org-/v3ballot/html/domains/uv
s/uv
s.htm, last visited on August 2008.[16℄ Cas
ading Style Sheets (CSS). http://www.w3.org/Style/CSS/, last visited on August2008.[17℄ HL7 Common Terminology Servi
es (CTS), Release 1. http://www.hl7.org/v3ballot-/html/infrastru
ture/
ts/
ts.htm, last visited on August 2008.[18℄ HL7 Data Types - Abstra
t Spe
i�
ation. http://www.hl7.org/v3ballot/html-/infrastru
ture/datatypes/datatypes.htm, last visited on August 2008.[19℄ Do
tor Data Bank. http://sbu.saglik.gov.tr/drBank/, last visited on August 2008.[20℄ Dipak Kalra and David Lloyd. EHR Context Examples. Te
hni
al report. http://-www.
hime.u
l.a
.uk/~rmhidsl/EHR
omDownloads/EHR-Context_Examplesv4.ppt,last visited on August 2008.[21℄ Des
ription Logi
s. http://dl.kr.org/, last visited on August 2008.[22℄ HL7 Domain Message Information Model (D-MIM). http://www.hl7.org/v3ballot-/html/help/v3guide/v3guide.htm#v3dmim, last visited on August 2008.111



[23℄ Dossier Médi
al Personnel (DMP). http://www.d-m-p.org/, last visited on August2008.[24℄ R. H. Dolin, L. Als
huler, S. Boyer, C. Beebe, F. M. Behlen, P. V. Biron, and A. Shabo.HL7 Clini
al Do
ument Ar
hite
ture, Release 2. Journal of the Ameri
an Medi
alInformati
s Asso
iation, 13(1):30�39, 2006.[25℄ DRAFT prEN ISO 21090. Health Informati
s � Harmonized data types for informationinter
hange. Te
hni
al report.[26℄ HL7 Version 3 Standard: Transport Spe
i�
ation - ebXML, Release 2. http://-www.hl7.org/v3ballot/html/infrastru
ture/transport/transport-ebxml.htm, last vis-ited on August 2008.[27℄ CEN EN 13606 Referen
e Model XML S
hema. http://www.srd
.metu.edu.tr-/~mustafa/thesis/s
hemas/13606% -/, last visited on August 2008.[28℄ M. Ei
helberg, T. Aden, J. Riesmeier, A. Doga
, and G. Lale
i. A survey and analysisof Ele
troni
 Health
are Re
ord standards. ACM Computing Surveys, 37(4):277�315,2005.[29℄ e-Transformation in Health. Department of Information Pro
essing, Min-istry of Health, Turkey. http://www.saglik.gov.tr/EN/Tempdosyalar/533__e-transformationinhealth_07.pdf, last visited on August 2008.[30℄ Ulusal Sa§l�k Bilgi Sistemi/Sa§l�k-NET Entegrasyonu ile �lgili Genelge2008/18. http://www.saglik.gov.tr/TR/MevzuatGoster.aspx?F6E10F8892433CFF1A9547B61DAFFE2A56515916B329A1F1, last visited on August 2008.[31℄ Carole A. Goble, Peter Crowther, and Danny Solomon. A medi
al terminology server.In Database and Expert Systems Appli
ations, pages 661�670, 1994.[32℄ Canada Health Infoway. http://www.w3.org/TR/xslt20, last visited on August 2008.[33℄ Hibernate, Relational Persisten
e for Java and .NET. http://www.hibernate.org/, lastvisited on August 2008.[34℄ Health Level Seven (HL7). http://www.hl7.org/, last visited on August 2008.[35℄ HL7 Version 3 Design and S
hema Tools. http://www.hl7.org.au/HL7-V3-Resr
s.htm,last visited on August 2008. 112



[36℄ HL7 Hierar
hi
al Message Des
ription (HMD). http://www.hl7.org/v3ballot/html-/help/v3guide/v3guide.htm#v3ghmd, last visited on August 2008.[37℄ Kose I., Akpinar N., Gurel M., Arslan Y., Ozer H., Yurt N., Kabak Y., Yuksel M.,and Doga
 A. Turkey's National Health Information System (NHIS). In eChallengesConferen
e, O
tober 2008.[38℄ I. Iakovidis. Towards personal health re
ords: Current situation, obsta
les and trendsin implementation of Ele
troni
 Health
are Re
ords in Europe . International Journalof Medi
al Informati
s, 52(1-3):105�115, 1998.[39℄ International Statisti
al Classi�
ation of Diseases and Related Health Problems, 10thRevision (ICD-10), Se
ond Edition. Te
hni
al report, World Health Organization,Geneva, Switzerland, 2005. http://www.who.int/whosis/i
d10/, last visited on August2008.[40℄ Saglik-Net Business Rules. Ministry of Health. http://www.sagliknet.saglik.gov.tr-/portal_pages/notlogin/bilisim
iler/do
s/SaglikNET_is_Kurallari_BRMS.pdf, lastvisited on August 2008.[41℄ International Organization for Standardization (ISO). http://www.iso.org/, last vis-ited on August 2008.[42℄ ISO/IEC 11179-4. [49℄ Information te
hnology � Metadata registries (MDR) � Part 4:Formulation of data de�nitions. Te
hni
al Report ISO/IEC 11179-4, ISO.[43℄ Ministry of Health, Turkey HL7 Messages Integration Guide. http://-www.sagliknet.saglik.gov.tr/portal_pages/notlogin/bilisim
iler/do
s-/HL7_Mesajlari_Entegrasyon_Kilavuzu.rar, last visited on August 2008.[44℄ Kind Messaging for the Ele
troni
 Health
are Re
ords (Kmehr). http://-www.health.fgov.be/telemati
s/kmehr/one/, last visited on August 2008.[45℄ Transformation of Kmehr to HL7 CDA. http://www.
hu-
harleroi.be/kmehr/htm-/introdu
tionXSLT.htm, last visited on August 2008.[46℄ CEN EN 13606 Referen
e Model XML S
hema by LinkEHR Proje
t. http://-pangea.upv.es/linkehr/wp-
ontent/uploads/2008/05/en13606s
hema.zip, last visitedon August 2008. 113



[47℄ Logi
al Observation Identi�ers Names and Codes (LOINC). http://-www.regenstrief.org/loin
/, last visited on August 2008.[48℄ HL7 Message Development Framework, Version 3.3. http://www.hl7.org/Library-/MDF99/MDF99do
.zip, last visited on August 2008.[49℄ MERNIS, Central Demographi
s Management System. http://www.nvi.gov.tr-/Hakkimizda/Projeler,Mernis_Genel.html?pageindex=4, last visited on August 2008.[50℄ Medi
al Subje
t Heading Home provided by National Library of Medi
ine, NationalInstitutes of Health (U.S.). http://www.nlm.nih.gov/mesh/, last visited on August2008.[51℄ Transport Spe
i�
ation: Minimal Lower Layer Message Transport Proto
ol (MLLP),Release 2. http://www.hl7.org/v3ballot/html/infrastru
ture/transport/transport-mllp.htm, last visited on August 2008.[52℄ Mi
rosoft XML Core Servi
es (MSXML). http://msdn.mi
rosoft.
om/en-us/xml-/bb291077.aspx, last visited on August 2008.[53℄ CDA Conformant Transformation of the Examination Transmission S
hema. http://-www.srd
.metu.edu.tr/~mustafa/thesis/ExaminationCDA.xml, last visited on August2008.[54℄ CEN 13606 Conformant Transformation of the Examination CDA. http://-www.srd
.metu.edu.tr/~mustafa/thesis/ExaminationCEN13606.xml, last visited onAugust 2008.[55℄ Example Examination Transmission S
hema instan
e. http://www.srd
.metu.edu.tr-/~mustafa/thesis/ExaminationNHIS.xml, last visited on August 2008.[56℄ CDA Conformant Examination Transmission S
hema with its Coded Values Universal-ized. http://www.srd
.metu.edu.tr/~mustafa/thesis/ExaminationCDAUniv.xml, lastvisited on August 2008.[57℄ National Health Information Network (NHIN). http://www.hhs.gov/healthit-/healthnetwork/ba
kground/, last visited on August 2008.[58℄ XSLT Files for NHIS to CDA and CDA to CEN 13606 Transformations. http://-www.srd
.metu.edu.tr/~mustafa/thesis/xslt/, last visited on August 2008.114



[59℄ NHS UK. http://www.nhs.uk/, last visited on August 2008.[60℄ Kili
 O. and Doga
 A. A
hieving Clini
al Statement Interoperability using R-MIMand Ar
hetype-based Semanti
 Transformations. IEEE Transa
tions on InformationTe
hnology in Biomedi
ine, to appear.[61℄ openEHR. http://www.openehr.org/, last visited on August 2008.[62℄ READ Codes. http://www.
onne
tingforhealth.nhs.uk/systemsandservi
es/data-/read
odes/introdu
tion, last visited on August 2008.[63℄ The European Commission. Draft Re
ommendation on eHealth In-teroperability. http://e
.europa.eu/information_so
iety/newsroom/
f-/do
ument.
fm?a
tion=display&do
_id=369, last visited on August 2008.[64℄ The European Commission. Commission Re
ommendation on Cross-Border Interop-erability of Ele
troni
 Health Re
ord Systems. http://www.w3.org/TR/xslt20, lastvisited on August 2008.[65℄ HL7 Re�nement, Constraint and Lo
alization, Release 2. http://www.hl7.org-/v3ballot/html/infrastru
ture/
onforman
e/
onforman
e.htm, last visited on August2008.[66℄ RIDE Proje
t. http://www.srd
.metu.edu.tr/webpage/proje
ts/ride/, last visited onAugust 2008.[67℄ RIDE Deliverable 2.1.1 - European Best Pra
ti
es in Providing Semanti
 Interop-erability in eHealth Domain. http://www.srd
.metu.edu.tr/webpage/proje
ts/ride-/deliverables/RIDE_D2.1.1_v2.0.do
, last visited on August 2008.[68℄ RIDE Deliverable 2.1.4 - European Good Pra
ti
es.http://www.srd
.metu.edu.tr/webpage/proje
ts/ride/deliverables-/RIDE_D2.1.4_EuropanGoodPra
ti
es_v1.2.do
, last visited on August 2008.[69℄ RIDE Deliverable 4.4.1 - RIDE Roadmap II. http://www.srd
.metu.edu.tr/webpage-/proje
ts/ride/deliverables/D4.4.1-RIDERoadmapII_v1.2.do
, last visited on August2008.[70℄ HL7 Referen
e Information Model. http://www.hl7.org/v3ballot/html/infrastru
ture-/rim/rim.htm, last visited on August 2008.115



[71℄ HL7 Re�ned Message Information Model (R-MIM). http://www.hl7.org/v3ballot-/html/help/v3guide/v3guide.htm#v3grmim, last visited on August 2008.[72℄ Saxon, The XSLT and XQuery Pro
essor. http://saxon.sour
eforge.net/, last visitedon August 2008.[73℄ S . S
hulz and U. Hahn. Medi
al knowledge reengineering 
onverting major portionsof the UMLS into a terminologi
al knowledge base . International Journal of Medi
alInformati
s,, 64:207�221, 2001.[74℄ The Health Coding Referen
e Server 2. http://sbu.saglik.gov.tr/SKRS2%5FListesi/,last visited on August 2008.[75℄ The Systematized Nomen
lature of Medi
ine (SNOMED). http://www.ihtsdo.org-/snomed-
t/, last visited on August 2008.[76℄ Simple Obje
t A

ess Proto
ol (SOAP). http://www.w3.org/TR/soap/, last visitedon August 2008.[77℄ European Committee for Standardization - Te
hni
al Committee on Health Informat-i
s. http://www.
ent
251.org/, last visited on August 2008.[78℄ Transformation in Health. Ministry of Health, Turkey. http://www.saglik.gov.tr/TR-/dosyagoster.aspx?DIL=1&BELGEANAH=9486&DOSYAISIM=donusum_eng_2.zip,last visited on August 2008.[79℄ HL7 Version 3 Standard: Transport Spe
i�
ations Overview. http://www.hl7.org-/v3ballot2008may/html/infrastru
ture/transport% -/transport-intro.htm, last visitedon August 2008.[80℄ The S
ienti�
 and Te
hnologi
al Resear
h Coun
il of Turkey (TUBITAK). http://-www.nvi.gov.tr/Hakkimizda/Projeler,Mernis_Genel.html?pageindex=4, last visitedon August 2008.[81℄ Uni�ed Medi
al Language System (UMLS). http://www.nlm.nih.gov/resear
h/umls/,last visited on August 2008.[82℄ UMLS Knowledge Sour
e Server Developer's Guide. http://kswebp1.nlm.nih.gov-/Do
Portlet/html/dGuide/Guide.htm, last visited on August 2008.116



[83℄ UMLSKS Developer's Guide, Web Servi
e Operations. http://kswebp1.nlm.nih.gov-/Do
Portlet/html/dGuide/webservi
es.html, last visited on August 2008.[84℄ Uni�ed Medi
al Language System (UMLS) Knowledge Sour
e Server (KSS). http://-umlsks.nlm.nih.gov/, last visited on August 2008.[85℄ United States National Library of Medi
ine. http://www.nlm.nih.gov/, last visited onAugust 2008.[86℄ The National Health Data Di
tionary (NHDD) of Turkey. http://-www.sagliknet.saglik.gov.tr/portal_pages/notlogin/bilisim
iler/do
s-/usvs_sozluk_1.1.rar, last visited on August 2008.[87℄ Generation and registration of Universally Unique Identi�ers (UUIDs) and theiruse as ASN.1 Obje
t Identi�er 
omponents. Open Systems Inter
onne
tion, Inter-national Tele
ommuni
ation Union. http://www.itu.int/ITU-T/studygroups/
om17-/oid/X.667-E.pdf, last visited on August 2008.[88℄ HL7 Version 3 Guide. http://www.hl7.org/v3ballot/html/help/v3guide/v3guide.htm,last visited on August 2008.[89℄ HL7 Vo
abulary. http://www.hl7.org/v3ballot/html/infrastru
ture/vo
abulary-/vo
abulary.htm, last visited on August 2008.[90℄ The World Wide Web Consortium (W3C). http://www.w3.org/, last visited on August2008.[91℄ World Health Organization. http://www.who.int/en/, last visited on August 2008.[92℄ http://www.hl7.org/v3ballot/html/infrastru
ture/transport/transport-wspro�les.htm. http://www.w3.org/XML/S
hema, last visited on August 2008.[93℄ Web Servi
es Se
urity: SOAP Message Se
urity 1.1 (WS-Se
urity 2004). OASIS Stan-dard Spe
i�
ation. http://www.oasis-open.org/
ommittees/download.php/16790/wss-v1.1-spe
-os-SOAPMessageSe
urity.pdf, last visited on August 2008.[94℄ Apa
he Xer
es Java XML Parser. http://xer
es.apa
he.org/xer
es-j/, last visited onAugust 2008.[95℄ The Extensible Markup Language (XML). http://www.w3.org/XML/, last visited onAugust 2008. 117



[96℄ HL7 Version 3 Standard: XML Implementable Te
hnology Spe
i�
ation for V3Stru
tures, R1. http://www.hl7.org/v3ballot/html/infrastru
ture/itsxml/messaging-its-xml.htm, last visited on August 2008.[97℄ Altova XMLSpy XML Editor. http://www.altova.
om/produ
ts/xmlspy-/xml_editor.html, last visited on August 2008.[98℄ The XML Path Language (XPath). http://www.w3.org/TR/xpath, last visited onAugust 2008.[99℄ XML S
hema De�nition. http://www.w3.org/XML/S
hema, last visited on August2008.[100℄ XML S
hema Instan
e. http://www.w3.org/TR/xmls
hema-1/, last visited on August2008.[101℄ The Extensible Stylesheet Language (XSL) Family. http://www.w3.org/Style/XSL/,last visited on August 2008.[102℄ XSL Formatting Obje
ts (XSL-FO). http://www.w3.org/TR/xsl, last visited on Au-gust 2008.[103℄ XSL Transformations (XSLT). http://www.w3.org/TR/xslt, last visited on August2008.[104℄ XSL Transformations (XSLT) 2.0. http://www.w3.org/TR/xslt20, last visited on Au-gust 2008.[105℄ Kabak Y., Doga
 A., Kose I., Akpinar N., Gurel M., Arslan Y., Ozer H., Yurt N.,Oz
am A., Kiri
i S., Yuksel M., and Sabur E. The Use of HL7 CDA in the NationalHealth Information System (NHIS) of Turkey. In 9th International HL7 InteroperabilityConferen
e (IHIC), O
tober 2008.[106℄ H. Zimmermann. OSI Referen
e Model - The ISO Model of Ar
hite
ture for OpenSystems Inter
onne
tion . IEEE Transa
tions on Communi
ations, COM-28:425�432,1980.
118



APPENDIX AAN EXAMPLE EXAMINATIONTRANSMISSION SCHEMA INSTANCE
<?xml version="1.0" en
oding="utf-8"?><MCCI_IN000001TR01 xmlns="urn:hl7-org:v3"><id root="2.16.840.1.113883.3.129.2.1.2" extension="5b50d046-b567-4fba-a365-60
220
9fae1"/><
reationTime value="20080502102643"/><responseModeCode 
ode="Q"/><intera
tionId root="2.16.840.1.113883.3.129.2.1.1" extension="MCCI_IN000001TR01"/><pro
essingCode 
ode="P"/><pro
essingModeCode 
ode="T"/><a

eptA
kCode 
ode="AL"/><re
eiver typeCode="RCV"><devi
e 
lassCode="DEV" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.5" extension="USBS"/></devi
e></re
eiver><sender typeCode="SND"><devi
e 
lassCode="DEV" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.5" extension="SRDC-Deneme"/></devi
e></sender><
ontrolA
tEvent 
lassCode="CACT" moodCode="EVN"><subje
t typeCode="SUBJ"><examination 
lassCode="DOCCLIN" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.3" extension="0006b9bd-b282-0000-8b05-eeb9f3d42015"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.1" 
odeSystemName="Döküman Tipi"
odeSystemVersion="1.0" displayName="Muayene MSVS (Vatanda³/Yaban
�)"/><effe
tiveTime value="20080502102643"/><
onfidentialityCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.77"
odeSystemName="Gizlilik" 
odeSystemVersion="1.0" displayName="Normal"/><languageCode 
ode="tr-TR"/><versionNumber value="1"/><re
ordTarget typeCode="RCT" 
ontextControlCode="OP"><patientRole 
lassCode="PAT"> 119



<id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/><patient determinerCode="INSTANCE" 
lassCode="PSN"><name><family>Yüksel</family><given>Mustafa</given></name><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21"
odeSystemName="Cinsiyet" 
odeSystemVersion="1.0" displayName="Erkek"/><birthTime value="19840101"/><ra
eCode 
ode="TR" 
odeSystem="2.16.840.1.113883.3.129.1.2.52" 
odeSystemName="Uyruk"
odeSystemVersion="1.0" displayName="Türkiye"/></patient></patientRole></re
ordTarget><author typeCode="AUT" 
ontextControlCode="OP"><time value="20180402102643"/><assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></assignedAuthor></author><
ustodian typeCode="CST"><assignedCustodian 
lassCode="ASSIGNED"><representedHealth
areOrganization 
lassCode="ENT" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></representedHealth
areOrganization></assignedCustodian></
ustodian><primaryInformationRe
ipient typeCode="PRCP"><re
ipient 
lassCode="ASSIGNED"><representedMinisteryOfHealth 
lassCode="ORG" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="5881"/></representedMinisteryOfHealth></re
ipient></primaryInformationRe
ipient><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><stru
turedBody 
lassCode="DOCBODY" moodCode="EVN"><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><testResultDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="97160bb4-8a90-4a36-a91
-2776a9a97a97"/><
ode 
ode="TETKIKSONUCU" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Tetkik Sonu
u Veriseti"/><text mediaType="text/x-hl7-text+xml"/><author typeCode="AUT" 
ontextControlCode="OP"><testDo
tor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></testDo
tor></author> 120



<
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><testResultSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="d124ade3-6649-498f-a154-6876

3441b6"/><
ode 
ode="TETKIKSONUC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tetkik Sonuç Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml">Örnek tetkik sonuç doküman�</text><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><testResultOrganizer moodCode="EVN" 
lassCode="CLUSTER"><statusCode 
ode="
ompleted"/><performer typeCode="PRF"><studyOrganization 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="3199"/></studyOrganization></performer><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><testResult moodCode="EVN" 
lassCode="OBS"><
ode 
ode="700490" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="Elektrokardiyogram, evde çekim"/><a
tivityTime value="20080401"/></testResult></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><testResult moodCode="EVN" 
lassCode="OBS"><
ode 
ode="901620" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="Tam Kan (Hemogram)"/><a
tivityTime value="20080701"/></testResult></
omponent></testResultOrganizer></
omponent></testResultSe
tion></
omponent></testResultDataset></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><dis
hargeDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="28661575-af59-45be-bdf5-3590385801df"/><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Ç�k�³ Veriseti"/><text mediaType="text/x-hl7-text+xml"/><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><dis
hargeSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"121



extension="a
4
115f-e1
b-4546-a2e5-db37ea55234b"/><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Ç�k�³ Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><dis
harge 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.9"
odeSystemName="Ç�k�³ �ekli" 
odeSystemVersion="1.0"displayName="Tedavi önerileriyle ç�k�³"/><effe
tiveTime value="200804021021"/></dis
harge></
omponent></dis
hargeSe
tion></
omponent2></dis
hargeDataset></
omponent2><
omponent3 typeCode="COMP" 
ontextCondu
tionInd="true"><examinationDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="4e7e0004-8e9e-44d2-9a9e-099d071e646a"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Muayene Veriseti"/><text>Hastan�n tezle u§ra³�rken geçirdi§i hastal�klar� özetler</text><author typeCode="AUT" 
ontextControlCode="OP"><do
tor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></do
tor></author><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><examProto
olNoSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="de380a98-d31f-4a33-a878-7366da629737"/><
ode 
ode="PROTOKOLNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Protokol No Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><examProto
olNo moodCode="EVN" 
lassCode="ACT"><id root="2.16.840.1.113883.3.129.1.1.4" extension="111"/></examProto
olNo></
omponent></examProto
olNoSe
tion></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><reportSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
ba90686-fa28-4a0e-9ee6-342d7b
b3302"/>122



<
ode 
ode="RAPOR" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Rapor Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><report moodCode="EVN" 
lassCode="OBS"><
ode 
ode="4" 
odeSystem="2.16.840.1.113883.3.129.1.2.8"
odeSystemName="Rapor Türü" 
odeSystemVersion="1.0" displayName="Hastal�k"/><effe
tiveTime value="20080401"/><value>rapor doküman�</value></report></
omponent></reportSe
tion></
omponent2><
omponent3 typeCode="COMP" 
ontextCondu
tionInd="true"><investigationSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="59
0024f-d799-498d-8b00-e849136ad426"/><
ode 
ode="BULGU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Bulgu Verisinin Oldu§u Bölüm"/><text>Net bir problemle kar³�la³�lmad�</text></investigationSe
tion></
omponent3><
omponent4 typeCode="COMP" 
ontextCondu
tionInd="true"><historySe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="e3
97aa2-ba47-40d4-a068-881a6
51417a"/><
ode 
ode="HIKAYE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Hikaye Verisinin Oldu§u Bölüm"/><text>Hastan�n tezle u§ra³�rken geçirdi§i hastal�klar� özetler</text></historySe
tion></
omponent4><
omponent5 typeCode="COMP" 
ontextCondu
tionInd="true"><
omplaintSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="6bde0f05-f303-4109-88a
-
22a23a67094"/><
ode 
ode="SIKAYET" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="�ikayet Verisinin Oldu§u Bölüm"/><text>Bitkin</text></
omplaintSe
tion></
omponent5><
omponent6 typeCode="COMP" 
ontextCondu
tionInd="true"><testSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="e59daa46-6
71-4eea-852e-406e5a440f13"/>123



<
ode 
ode="TETKIK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tetkik Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><test 
lassCode="OBS" moodCode="EVN"><
ode 
ode="901620" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0" displayName="Tam Kan (Hemogram)"/><performer typeCode="PRF"><performerOrganization 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></performerOrganization></performer></test></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><test 
lassCode="OBS" moodCode="EVN"><
ode 
ode="701540" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="Özofagoskopi, gastroskopi, duodenoskopi (biri veya hepsi)"/><performer typeCode="PRF"><performerOrganization 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></performerOrganization></performer></test></
omponent></testSe
tion></
omponent6><
omponent7 typeCode="COMP" 
ontextCondu
tionInd="true"><pro
edureSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
f813e90-e027-4441-9e87-
287bd
5b370"/><
ode 
ode="MUDAHALE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Müdehale Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><pro
edure moodCode="EVN" 
lassCode="PROC"><
ode 
ode="520030" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="NORMAL POLIKLINIK MUAYENE ÜCRETLERI"/></pro
edure></
omponent></pro
edureSe
tion></
omponent7><
omponent8 typeCode="COMP" 
ontextCondu
tionInd="true"><diagnosisSe
tion 
lassCode="DOCSECT" moodCode="EVN">124



<id root="2.16.840.1.113883.3.129.2.1.5"extension="6
4b1e87-
4f4-42b0-aaeb-05e23a77ed5a"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><diagnosis moodCode="EVN" 
lassCode="OBS"><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ana Tan�"/><value 
ode="K29.8" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Duodenit"/></diagnosis></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><diagnosis moodCode="EVN" 
lassCode="OBS"><
ode 
ode="EKTANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ek Tan�"/><value 
ode="G43" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Migren"/></diagnosis></
omponent></diagnosisSe
tion></
omponent8><
omponent9 typeCode="COMP" 
ontextCondu
tionInd="true"><examinationSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="212802ba-7
64-47d5-8e52-b02a6ea44531"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Muayene Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><en
ounter 
lassCode="ENC" moodCode="EVN"><effe
tiveTime><low value="200803251021"/><high value="200804011021"/></effe
tiveTime><lo
ation typeCode="LOC"><
lini
 
lassCode="SDLOC"><
ode 
ode="22" 
odeSystem="2.16.840.1.113883.3.129.1.2.1"
odeSystemName="Klinikler" 
odeSystemVersion="1.0"displayName="Gastroenteroloji"/></
lini
></lo
ation></en
ounter></
omponent></examinationSe
tion> 125



</
omponent9></examinationDataset></
omponent3><
omponent4 typeCode="COMP" 
ontextCondu
tionInd="true"><re
eptionDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="dd425f3b-a09
-434a-a648-9d67d3775adf"/><
ode 
ode="KABUL" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Kabul Veriseti"/><text mediaType="text/x-hl7-text+xml"/><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><so
ialSe
urityFollowNumberSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
25dd89
-6850-49eb-bf10-
0df3e92e5bf"/><
ode 
ode="SGKTAKIPNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="SGK Takip No Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml">123</text></so
ialSe
urityFollowNumberSe
tion></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><referralSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="54083
07-d5f3-4a85-9fb9-8f
a
b253a0b"/><
ode 
ode="SEVK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Sevk Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><referral moodCode="EVN" 
lassCode="ACT"><effe
tiveTime value="20080313"/><referrer typeCode="REF" 
ontextControlCode="OP"><referralFromClini
 
lassCode="SDLOC"><
ode 
ode="22" 
odeSystem="2.16.840.1.113883.3.129.1.2.1"
odeSystemName="Klinikler" 
odeSystemVersion="1.0"displayName="Gastroenteroloji"/></referralFromClini
></referrer><
omponent typeCode="COMP"><referralDiagnosis moodCode="EVN" 
lassCode="OBS"><
ode 
ode="SEVKTANISI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0"displayName="Sevk Tan�s�"/><value 
ode="K55" 
odeSystem="2.16.840.1.113883.6.3"
odeSystemName="ICD-10" 
odeSystemVersion="1.0"displayName="BARSA�IN VASKÜLER BOZUKLUKLARI"/></referralDiagnosis></
omponent> 126



</referral></
omponent></referralSe
tion></
omponent2><
omponent3 typeCode="COMP" 
ontextCondu
tionInd="true"><registrationSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="41f0e5f8-e66a-4af7-b
b9-0d
9a93ba720"/><
ode 
ode="KABUL" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Kabul Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><registration moodCode="EVN" 
lassCode="ACT"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.7"
odeSystemName="Kabul �ekli" 
odeSystemVersion="1.0" displayName="Di§er"/><effe
tiveTime value="200803231021"/></registration></
omponent></registrationSe
tion></
omponent3><
omponent4 typeCode="COMP" 
ontextCondu
tionInd="true"><
aseTypeSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="537a52e1-36f1-4e04-a4bd-a71056471913"/><
ode 
ode="VAKATURU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Vaka Türü Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><
aseType moodCode="EVN" 
lassCode="ACT"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.53"
odeSystemName="Vaka Türü" 
odeSystemVersion="1.0" displayName="Normal"/></
aseType></
omponent></
aseTypeSe
tion></
omponent4></re
eptionDataset></
omponent4><
omponent5 typeCode="COMP" 
ontextCondu
tionInd="true"><pres
riptionDataset 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="388
478d-
649-4273-803f-51b3
383f6a
"/><
ode 
ode="RECETE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Reçete Veriseti"/><text mediaType="text/x-hl7-text+xml"/><author typeCode="AUT" 
ontextControlCode="OP"><assignedDo
tor 
lassCode="ASSIGNED">127



<id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/><id root="2.16.840.1.113883.3.129.1.1.2" extension="12345678906"/></assignedDo
tor></author><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><medi
ationSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="4e
898be-2
17-4637-b383-9139be24b305"/><
ode 
ode="ILAC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="�laç Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><substan
eAdministration 
lassCode="SBADM" moodCode="RQO"><effe
tiveTime><period value="1" unit="d"/></effe
tiveTime><routeCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.47"
odeSystemName="�laç Kullan�m �ekli" 
odeSystemVersion="1.0"displayName="A§�zdan (Oral)"/><doseQuantity value="1"/><
onsumable typeCode="CSM"><manufa
turedProdu
t 
lassCode="MANU"><manufa
turedMaterial determinerCode="KIND" 
lassCode="MMAT"><
ode 
ode="8699536160085" 
odeSystem="2.16.840.1.113883.3.129.1.2.3"
odeSystemName="�laçlar" 
odeSystemVersion="1.0"displayName="LANSOR MIKROPELLET KAPSÜL 30 MG 28 CAP"/></manufa
turedMaterial></manufa
turedProdu
t></
onsumable><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><supply moodCode="INT" 
lassCode="SPLY"><quantity value="2"/></supply></
omponent></substan
eAdministration></
omponent></medi
ationSe
tion></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><pres
riptionHeaderSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="d7
b1191-033d-4730-9236-d3782ddf0b60"/><
ode 
ode="RECETEBASLIK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Reçete Ba³l�k Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true">128



<pres
riptionHeader 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.48"
odeSystemName="Reçete Türü" 
odeSystemVersion="1.0" displayName="Normal"/><effe
tiveTime value="20080401"/><
omponent1 typeCode="COMP" 
ontextCondu
tionInd="true"><proto
olNo moodCode="EVN" 
lassCode="ACT"><id root="2.16.840.1.113883.3.129.1.1.4" extension="111"/></proto
olNo></
omponent1><
omponent2 typeCode="COMP" 
ontextCondu
tionInd="true"><sGKRationBook moodCode="EVN" 
lassCode="ACT"><id root="2.16.840.1.113883.3.129.1.1.3" extension="12321123"/></sGKRationBook></
omponent2></pres
riptionHeader></
omponent></pres
riptionHeaderSe
tion></
omponent2><
omponent3 typeCode="COMP" 
ontextCondu
tionInd="true"><guarantorSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="a0a7a2ea-453a-4b52-b741-d39ff1f968b0"/><
ode 
ode="SOSYALGUVENCEDURUMU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Sosyal Güven
e Durumu Bilgilerinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><guarantor moodCode="EVN" 
lassCode="ACT"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.11"
odeSystemName="Sosyal Güvenlik" 
odeSystemVersion="1.0" displayName="SSK"/></guarantor></
omponent></guarantorSe
tion></
omponent3><
omponent4 typeCode="COMP" 
ontextCondu
tionInd="true"><presDiagnosisSe
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="2a1
bba1-
d5b-4
a1-b602-878
087b9a49"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><presDiagnosis moodCode="EVN" 
lassCode="OBS"><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ana Tan�"/><value 
ode="K29.8" 
odeSystem="2.16.840.1.113883.6.3"
odeSystemName="ICD-10" 
odeSystemVersion="1.0" displayName="Duodenit"/>129



</presDiagnosis></
omponent></presDiagnosisSe
tion></
omponent4></pres
riptionDataset></
omponent5></stru
turedBody></
omponent></examination></subje
t></
ontrolA
tEvent></MCCI_IN000001TR01>
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APPENDIX BTHE CDA CONFORMANTEXAMINATION TRANSMISSIONSCHEMA INSTANCE
<?xml version="1.0" en
oding="UTF-8"?><Clini
alDo
ument xmlns="urn:hl7-org:v3" 
lassCode="DOCCLIN" moodCode="EVN"><typeId root="2.16.840.1.113883.1.3" extension="POCD_HD000040"/><id root="2.16.840.1.113883.3.129.2.1.3" extension="0006b9bd-b282-0000-8b05-eeb9f3d42015"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.1" 
odeSystemName="Döküman Tipi"
odeSystemVersion="1.0" displayName="Muayene MSVS (Vatanda³/Yaban
�)"/><effe
tiveTime value="20080502102643"/><
onfidentialityCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.77" 
odeSystemName="Gizlilik"
odeSystemVersion="1.0" displayName="Normal"/><languageCode 
ode="tr-TR"/><versionNumber value="1"/><re
ordTarget typeCode="RCT" 
ontextControlCode="OP"><patientRole 
lassCode="PAT"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/><patient determinerCode="INSTANCE" 
lassCode="PSN"><name><family>Yüksel</family><given>Mustafa</given></name><administrativeGenderCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.21"
odeSystemName="Cinsiyet" 
odeSystemVersion="1.0" displayName="Erkek"/><birthTime value="19840101"/><ra
eCode 
ode="TR" 
odeSystem="2.16.840.1.113883.3.129.1.2.52" 
odeSystemName="Uyruk"
odeSystemVersion="1.0" displayName="Türkiye"/></patient></patientRole></re
ordTarget><author typeCode="AUT" 
ontextControlCode="OP"><time value="20180402102643"/> 131



<assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></assignedAuthor></author><
ustodian typeCode="CST"><assignedCustodian 
lassCode="ASSIGNED"><representedCustodianOrganization><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></representedCustodianOrganization></assignedCustodian></
ustodian><informationRe
ipient typeCode="PRCP"><intendedRe
ipient 
lassCode="ASSIGNED"><re
eivedOrganization 
lassCode="ORG" determinerCode="INSTANCE"><id root="2.16.840.1.113883.3.129.1.1.6" extension="5881"/></re
eivedOrganization></intendedRe
ipient></informationRe
ipient><
omponent><stru
turedBody><
omponent><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="97160bb4-8a90-4a36-a91
-2776a9a97a97"/><
ode 
ode="TETKIKSONUCU" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Tetkik Sonu
u Veriseti"/><text mediaType="text/x-hl7-text+xml"/><author typeCode="AUT" 
ontextControlCode="OP"><time value="20080502102643"/><assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></assignedAuthor></author><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="d124ade3-6649-498f-a154-6876

3441b6"/><
ode 
ode="TETKIKSONUC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tetkik Sonuç Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml">Örnek tetkik sonuç doküman�</text><entry><organizer 
lassCode="CLUSTER" moodCode="EVN"><statusCode 
ode="
ompleted"/><performer><assignedEntity 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="3199"/></assignedEntity></performer> 132



<
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><observation moodCode="EVN" 
lassCode="OBS"><
ode 
ode="700490" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="Elektrokardiyogram, evde çekim"/><effe
tiveTime value="20080401"/></observation></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><observation moodCode="EVN" 
lassCode="OBS"><
ode 
ode="901620" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="Tam Kan (Hemogram)"/><effe
tiveTime value="20080701"/></observation></
omponent></organizer></entry></se
tion></
omponent></se
tion></
omponent><
omponent><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="28661575-af59-45be-bdf5-3590385801df"/><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Ç�k�³ Veriseti"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="a
4
115f-e1
b-4546-a2e5-db37ea55234b"/><
ode 
ode="CIKIS" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Ç�k�³ Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.9" 
odeSystemName="Ç�k�³ �ekli"
odeSystemVersion="1.0" displayName="Tedavi önerileriyle ç�k�³"/><effe
tiveTime value="200804021021"/><parti
ipant typeCode="DST"><parti
ipantRole/></parti
ipant></a
t></entry></se
tion></
omponent></se
tion> 133



</
omponent><
omponent><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="4e7e0004-8e9e-44d2-9a9e-099d071e646a"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2"
odeSystemName="Veriseti" 
odeSystemVersion="1.0" displayName="Muayene Veriseti"/><text>Hastan�n tezle u§ra³�rken geçirdi§i hastal�klar� özetler</text><author typeCode="AUT" 
ontextControlCode="OP"><time value="20080502102643"/><assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/></assignedAuthor></author><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="de380a98-d31f-4a33-a878-7366da629737"/><
ode 
ode="PROTOKOLNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Protokol No Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.1.1.4" extension="111"/><
ode 
ode="PROTOKOLNO"/></a
t></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
ba90686-fa28-4a0e-9ee6-342d7b
b3302"/><
ode 
ode="RAPOR" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Rapor Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="4" 
odeSystem="2.16.840.1.113883.3.129.1.2.8" 
odeSystemName="Rapor Türü"
odeSystemVersion="1.0" displayName="Hastal�k"/><effe
tiveTime value="20080401"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="ST">rapor doküman�</value></observation></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true">134



<se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="59
0024f-d799-498d-8b00-e849136ad426"/><
ode 
ode="BULGU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Bulgu Verisinin Oldu§u Bölüm"/><text>Net bir problemle kar³�la³�lmad�</text></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="e3
97aa2-ba47-40d4-a068-881a6
51417a"/><
ode 
ode="HIKAYE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Hikaye Verisinin Oldu§u Bölüm"/><text>Hastan�n tezle u§ra³�rken geçirdi§i hastal�klar� özetler</text></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="6bde0f05-f303-4109-88a
-
22a23a67094"/><
ode 
ode="SIKAYET" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="�ikayet Verisinin Oldu§u Bölüm"/><text>Bitkin</text></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="e59daa46-6
71-4eea-852e-406e5a440f13"/><
ode 
ode="TETKIK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tetkik Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="901620" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0" displayName="Tam Kan (Hemogram)"/><performer typeCode="PRF"><assignedEntity 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></assignedEntity></performer></observation></entry><entry typeCode="COMP" 
ontextCondu
tionInd="true">135



<observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="701540" 
odeSystem="2.16.840.1.113883.3.129.1.2.2" 
odeSystemName="SUT"
odeSystemVersion="1.0"displayName="Özofagoskopi, gastroskopi, duodenoskopi (biri veya hepsi)"/><performer typeCode="PRF"><assignedEntity 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.6" extension="4553"/></assignedEntity></performer></observation></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
f813e90-e027-4441-9e87-
287bd
5b370"/><
ode 
ode="MUDAHALE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Müdehale Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><pro
edure 
lassCode="PROC" moodCode="EVN"><
ode 
ode="520030" 
odeSystem="2.16.840.1.113883.3.129.1.2.2"
odeSystemName="SUT" 
odeSystemVersion="1.0"displayName="NORMAL POLIKLINIK MUAYENE ÜCRETLERI"/></pro
edure></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="6
4b1e87-
4f4-42b0-aaeb-05e23a77ed5a"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ana Tan�"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="CV"
ode="K29.8" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Duodenit"/></observation></entry><entry typeCode="COMP" 
ontextCondu
tionInd="true">136



<observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="EKTANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ek Tan�"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="CV"
ode="G43" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Migren"/></observation></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="212802ba-7
64-47d5-8e52-b02a6ea44531"/><
ode 
ode="MUAYENE" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Muayene Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><en
ounter 
lassCode="ENC" moodCode="EVN"><effe
tiveTime><low value="200803251021"/><high value="200804011021"/></effe
tiveTime><parti
ipant typeCode="LOC"><parti
ipantRole 
lassCode="SDLOC"><
ode 
ode="22" 
odeSystem="2.16.840.1.113883.3.129.1.2.1"
odeSystemName="Klinikler" 
odeSystemVersion="1.0"displayName="Gastroenteroloji"/></parti
ipantRole></parti
ipant></en
ounter></entry></se
tion></
omponent></se
tion></
omponent><
omponent><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4"extension="dd425f3b-a09
-434a-a648-9d67d3775adf"/><
ode 
ode="KABUL" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Kabul Veriseti"/><text mediaType="text/x-hl7-text+xml"/><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="
25dd89
-6850-49eb-bf10-
0df3e92e5bf"/>137



<
ode 
ode="SGKTAKIPNO" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="SGK Takip No Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml">123</text></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="54083
07-d5f3-4a85-9fb9-8f
a
b253a0b"/><
ode 
ode="SEVK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Sevk Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="SEVK"/><effe
tiveTime value="20080313"/><parti
ipant typeCode="REF" 
ontextControlCode="OP"><parti
ipantRole 
lassCode="SDLOC"><
ode 
ode="22" 
odeSystem="2.16.840.1.113883.3.129.1.2.1"
odeSystemName="Klinikler" 
odeSystemVersion="1.0"displayName="Gastroenteroloji"/></parti
ipantRole></parti
ipant><entryRelationship typeCode="COMP"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="SEVKTANISI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Sevk Tan�s�"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="CV"
ode="K55" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="BARSA�IN VASKÜLER BOZUKLUKLARI"/></observation></entryRelationship></a
t></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="41f0e5f8-e66a-4af7-b
b9-0d
9a93ba720"/><
ode 
ode="KABUL" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Kabul Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.7" 
odeSystemName="Kabul �ekli"
odeSystemVersion="1.0" displayName="Di§er"/>138



<effe
tiveTime value="200803231021"/></a
t></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="537a52e1-36f1-4e04-a4bd-a71056471913"/><
ode 
ode="VAKATURU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Vaka Türü Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.53" 
odeSystemName="Vaka Türü"
odeSystemVersion="1.0" displayName="Normal"/></a
t></entry></se
tion></
omponent></se
tion></
omponent><
omponent><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.4" extension="388
478d-
649-4273-803f-51b3
383f6a
"/><
ode 
ode="RECETE" 
odeSystem="2.16.840.1.113883.3.129.2.2.2" 
odeSystemName="Veriseti"
odeSystemVersion="1.0" displayName="Reçete Veriseti"/><text mediaType="text/x-hl7-text+xml"/><author typeCode="AUT" 
ontextControlCode="OP"><time value="20080502102643"/><assignedAuthor 
lassCode="ASSIGNED"><id root="2.16.840.1.113883.3.129.1.1.1" extension="12345678905"/><id root="2.16.840.1.113883.3.129.1.1.2" extension="12345678906"/></assignedAuthor></author><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="4e
898be-2
17-4637-b383-9139be24b305"/><
ode 
ode="ILAC" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="�laç Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><substan
eAdministration 
lassCode="SBADM" moodCode="RQO"><effe
tiveTime xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e"xsi:type="PIVL_TS"><period value="1" unit="d"/> 139



</effe
tiveTime><routeCode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.47"
odeSystemName="�laç Kullan�m �ekli" 
odeSystemVersion="1.0"displayName="A§�zdan (Oral)"/><doseQuantity value="1"/><
onsumable typeCode="CSM"><manufa
turedProdu
t 
lassCode="MANU"><manufa
turedMaterial determinerCode="KIND" 
lassCode="MMAT"><
ode 
ode="8699536160085" 
odeSystem="2.16.840.1.113883.3.129.1.2.3"
odeSystemName="�laçlar" 
odeSystemVersion="1.0"displayName="LANSOR MIKROPELLET KAPSÜL 30 MG 28 CAP"/></manufa
turedMaterial></manufa
turedProdu
t></
onsumable><entryRelationship typeCode="COMP" 
ontextCondu
tionInd="true"><supply moodCode="INT" 
lassCode="SPLY"><quantity value="2"/></supply></entryRelationship></substan
eAdministration></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="d7
b1191-033d-4730-9236-d3782ddf0b60"/><
ode 
ode="RECETEBASLIK" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Reçete Ba³l�k Bilgisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.48"
odeSystemName="Reçete Türü" 
odeSystemVersion="1.0" displayName="Normal"/><effe
tiveTime value="20080401"/><entryRelationship typeCode="COMP"><a
t 
lassCode="ACT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.1.1.4" extension="111"/><
ode 
ode="proto
olNo"/></a
t></entryRelationship><entryRelationship typeCode="COMP"><a
t 
lassCode="ACT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.1.1.3" extension="12321123"/><
ode 
ode="sGKRationBook"/></a
t></entryRelationship> 140



</a
t></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="a0a7a2ea-453a-4b52-b741-d39ff1f968b0"/><
ode 
ode="SOSYALGUVENCEDURUMU" 
odeSystem="2.16.840.1.113883.3.129.2.2.3"
odeSystemName="Veri K�sm�" 
odeSystemVersion="1.0"displayName="Sosyal Güven
e Durumu Bilgilerinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><a
t 
lassCode="ACT" moodCode="EVN"><
ode 
ode="1" 
odeSystem="2.16.840.1.113883.3.129.1.2.11"
odeSystemName="Sosyal Güvenlik" 
odeSystemVersion="1.0" displayName="SSK"/></a
t></entry></se
tion></
omponent><
omponent typeCode="COMP" 
ontextCondu
tionInd="true"><se
tion 
lassCode="DOCSECT" moodCode="EVN"><id root="2.16.840.1.113883.3.129.2.1.5"extension="2a1
bba1-
d5b-4
a1-b602-878
087b9a49"/><
ode 
ode="TANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.3" 
odeSystemName="Veri K�sm�"
odeSystemVersion="1.0" displayName="Tan� Verisinin Oldu§u Bölüm"/><text mediaType="text/x-hl7-text+xml"/><entry typeCode="COMP" 
ontextCondu
tionInd="true"><observation 
lassCode="OBS" moodCode="EVN"><
ode 
ode="ANATANI" 
odeSystem="2.16.840.1.113883.3.129.2.2.6"
odeSystemName="Tan� Tipi" 
odeSystemVersion="1.0" displayName="Ana Tan�"/><value xmlns:xsi="http://www.w3.org/2001/XMLS
hema-instan
e" xsi:type="CV"
ode="K29.8" 
odeSystem="2.16.840.1.113883.6.3" 
odeSystemName="ICD-10"
odeSystemVersion="1.0" displayName="Duodenit"/></observation></entry></se
tion></
omponent></se
tion></
omponent></stru
turedBody></
omponent></Clini
alDo
ument>
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