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Abstract

This paper suggests a new approach for the development of healthcare information standards, which is
based on widely used and open frameworks. The paper attempts a review of existing standards for
hedthcare information, analyses their deficiencies and focuses on the need for interoperability.
Healthcare information, in order to be useful, has to be well formed, valid and flexible. Healthcare
information standards are the prerequisites for well-formed ness and validity of information.
Flexibility expects “plug-and-play” information, which will be operable in any system, any time and
any place. A standard that will be accepted world-wide and will cover all possible aspects of healthcare
information needs sounds both infeasible and inconvenient due to its size and complexity. A more
practicable solution is to provide an interconnection mechanism on top of al exiging and future
standards. Thiswork specifies the two fundamenta problems of information interoperability, which are
structure and semantics, and suggests a mechanism that facilitates the integration of existing
information, the mutation and transfer of information between healthcare information systems and
eases interoperability.

Keywords. Syntactic and semantic interoperability, Healthcare information systems, Multi-facet
information

1. Introduction

The plurality of healthcare solutions, the advent of internet and the abundance of health information,
the increased competition among heathcare companies, and the increased mobility of patients has
significantly affected the healthcare industry. As stated by Moser [Moser, 1992], patients are not solely
dependent on their doctor anymore, they are aware of their healthcare record, they participate on
decisions and choose among available solutions, and they dowly transform into healthcare consumers.
In this competitive market companies create flexible eHealth networks, which offer their services and
support patients world-wide. eHealth coalitions imply integration of information systems and
interoperability of exchanged medical information. In the same time, healthcare information should be
available in multiple formats and granularities in order to be useful for professionals, patients and
hedthcare information systems. Additional parameters such as access rights, digitized data and
encoding information etc must be easily attached and detached from the core information.

The majority of existing health information systems has been designed to serve only one or few
departments within a heathcare institute. Health information produced in a clinic for a patient (i.e.
examination results, diagnoses etc) cannot be integrated to the information systems of other clinics and
becomes useless. Patients that change healthcare providers (e.g. when they move to a new place or
choose a different insurance company) are obliged to undergo the same medica examinations multiple
times. Their healthcare record is distributed into different healthcare ingtitutes, parts of the record are
overlapping and even contradicting and it is very difficult for clinicians to maintain a complete clinical
history of a patient [Apostolakis 2002].

The fundamental concept behind this work is that all participants of the healthcare community
(hospitals, clinics, healthcare product providers, insurance companies, patients etc) should be able to
work either individualy or jointly, accessing a common patient healthcare record and to communicate
with messages that share the same semantics, in order to provide each patient with the best available
care anywhere in the world. This states the need for interoperability of healthcare information: either it
is the healthcare record of patients or the communication messages between information systems and
hedlthcare devices. This is the best solution for small scae companies or organizations that cannot
cover a country-wide or continent-wide area, and for patients that will be able to join any healthcare
network, choose among the available solutions and make use of the services offered. They can adso be
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informed on ther healthcare record which will be available in various detail levels. The key for this
solution is to achieve interoperability and quality of healthcare information and services [Apostolakis
& Valsamos, 2005].

In the same concept, interoperable information should be machine readable and understandable by all
cooperating information systems. For this reason, we should devise a model to describe healthcare
information that will be rich in semantics and sturdy in structure. We should also set up a mechanism
that will interpret the semantics and re-format the structure of any piece of information transferred from
one system to another. Any future information system can be easily incorporated into the existing
structure by building its own interpretation mechanism.

The following section presents an overview of existing standards and nomenclatures used in healthcare.
Section 3, discusses some mentionable works on interoperability of healthcare information. The section
presents both semantic and structural aspects of interoperability. Section 4 discusses the proposed
solution and the merits that arise from the use of open standards and architectures. Section 5 provides
an example case of accessing interoperabl e healthcare information.

2. Healthcare standards

2.1 Healthcare messaging

For exchanged healthcare information (messages), Health Level 7 (HL7) Messaging Standard is the
most widely accepted messaging standard for communicating clinical data and it is supported by every
major medical informatics system vendor in the US. Unfortunately, the standard has no explicit
information model, has vague definitions for many data fields, it contains many optional fields and
many fields with undefined cardinality of values [Neotool]. It offers great flexibility, but requires strict
agreements among healthcare systems to achieve interoperability.

For the healthcare information that is stored for every patient the problem is twofold: what to store and
where to store it. The Electronic HealthCare Record (EHCR) comprises data in the computer systems
of al hedthcare organizations or providers who care for a patient (hospitas, physical therapists,
pharmacists, or consulting physicians). A number of standardization efforts (|[EHRcom], [openEHR]
and [HL7 V3]) address the problem of fitting the Electronic Record of a patient, which is stored in the
individual information system of a doctor or clinic to a HealthCare Record that can be used by anyone.
For the same reason, the Medical Records Ingitute [MRI] distinguishes five levels of an Electronic
HealthCare Record: a) paper based record, b) computerized medical record, c) interoperable electronic
medical record, d) patient-centered record and finally €) general health information relevant to the
patient’s record.

The Medical Data I nterchange Standard-MEDI X [Harrington, 1991] has been devel oped by IEEE to
support information exchange between healthcare information systems. It defines the structure of
exchanged messages and technical issues such as emailing, resource identification, filetransfer etc.

EDI is widely used for document exchange between applications upon agreement on the message
format. United Nation’s [EDIFACT] and ANSI [ASC X12] have hierarchical structure and allow the
composition of complex structure from simpler ones. The standard includes a header for identifying the
message sender.

DICOM [NEMA] standard was initially designed for the recording and exchange of radiology images.
It is used by filing systems such as PACS (Picture Archiving and Communications Systems) and
focuses on computer-medical device interfacing.

In order to cover patient mobility, standards have been developed that identify patients, healthcare
providers, healthcare places and products. A complete heathcare record should contain such
information, in order to identify the owner of the record and to have complete coverage on the patient’s
history.

Patient identification standards facilitate providers to maintain a single EMR for each patient and
retrieve it from any information system. Identification standards alow patients to access their own
record and protect it from unauthorized access. Nowadays, the Universal Healthcare Identifier-UHID-
E1734 [ASTM, 1995] developed by ASTM (American Society for Testing and Materials) is a widely
accepted solution. Other suggestions include the use of Social Security Number, biometric patient data
etc. Provider identification standards, such as National Provider Identifier (NP1), define unique codes
for every healthcare provider, and encapsulate al the remaining information. The Health Industry



Number (HIN) uniquely defines hospitals, pharmacies, private doctors and clinics, providers etc and
supports the referencing of departments inside a healthcare ingtitute. Finally, the Labeler Identification
Code (LIC), EAN/UCC and NCDPD standardsidentify medical products and providers.

2.2 Healthcare terminologies

a) The International Classification of Diseases (ICD) [Gersenovic, 1995] of World Health
Organization gives a unique code to every disease. The classification has been accepted world-wide by
healthcare and insurance organizations, researchers and practitioners. The ICD codes appear in a wide
range of medical documents, treatment records, patients' records etc. Every code describes the affected
part of the body, the reason for the disease etc.

b) The International Classification in Primary Care - ICPC-2 [ICPC2] encodes the interaction
between the patient and the doctor in Primary Healthcare Units during a medical incident or in a series
of medical events (i.e. visits at home). In an incident, both the problem and the symptoms are described
and the reason for medical treatment, the diagnosis and the medical care are recorded. The standard has
been mapped to the ICD gructurein an effort to standards integration.

¢) The Read Codes (or Clinical Terms) [Read Codes] describe the medicd treatment of patients using a
hierarchy of terms [O'Nell et al., 1995], which comprise symptoms, exams, diagnosis, treatments and
medicines. The Centre for Coding and Classification of British National Health Systems uses Health
Codes to describe cases ranging from amedical incident to an Electronic Healthcare Record.

d) The SNOMED (Systematized Nomenclature of Medicine) [Cote et al, 1993] standard defines a
hierarchical terminology that covers all aspects of HER. The standard supports cross references to more
than one code per concept. The SNOMED Clinical Terms unifies SNOMED and Read Codes and
comprises 300.000 concepts and 1.000.000 relations among them. It also matches ICD-10 codes and
most of the LOINC terms.

€) The Diagnosis Related Group (DRG) standard [Feinstein, 1987] has been created by Health Care
Finance Adminigtration in order to correlate diseases and treatment costs and serve hospitals and
insurance companies. It classifies ICD diseasesin 23 main categories and many more subcategoriesin
order to facilitate and standardize treatment cost cal culation.

f) The Anatomic Therapeutic Chemical [ATC] isafive level hierarchical classification of drugs used
by many European countries.

g) The LOINC standard [McDonad, 1995] has been implemented, in order to cover medical
examination standardization needs. Was designed to support HL7 and has been adopted by DICOM.
Comprises more than 34.000 exam codes that define the kind of exam, the type of measurement, the
duration of the exam, the scale etc.

h) Finaly, Diagnostic and Statistical Manua for Mentad Disorders (DSM) standard provides a
classification of mental disordersinto 5 axisand is compliant to the ICD standard.

Figure 1 presents the various standards, their relevance and the mappings that have been defined
between some of them.
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Figure 1. Healthcar e semantics and ter minology standards

Asit isdepicted in the figure, and it is made obvious in the above andysis, there exists a global effort
tointegrate al the major healthcare standards. However, integration is perceived as appropriate linkage



between existing standards. Healthcare organizations prefer to provide a mapping between their and
others standards than to agree on a single standard that will cover everything.

Table 1 gives a summary of the most important messaging and terminology standards, their primary
aim and the underlying technol ogies

M essaging Standar ds Aim Technology
HL7 CDA, EHRcom Clinical data interchange XML
ASTM CCR, CONTSYS  [Continuity of Care Record XML
ANS| X12 Financial data, Billing EDI
DICOM Images DICOM
Define demographics, clinical workflow etc. Assist
openEHR searching, human communication, improve dataADL
validity, increase reusability
|EEE Data interchange MEDIX
1SO TC215 dandards Interoperability of telehealth and telelearning
systems
Terminology Standards
LOINC Laboratory observations
ISCI:\I%MIEC[;C -2, ReadCodes, i o information SVWL,_ RDF or
ATC, NCPDP Drugs FUETRETS
ICD-9CM, DRG Billing, Diagnosis

Table 1. Healthcar e messaging and ter minology standar ds and technologies

3. Research work on information interoperability

According to the ideal scenario, every healthcare participant (ingtitutes, organizations, companies and
individuals) shares the same information infrastructure, which follows widely accepted standards.
Integrated hedthcare information systems are intended to provide each patient with a globally
accessible medical record. This medical record containsinformation that varies from identification data
to sexual diseases and serious illnesses. The security of transferred medical datais another high priority
issue to be considered by the designers of medical information systems.

In reality, despite the effort of healthcare committees to provide standards [NHII] for healthcare
information interoperability, an exchange of well-structured and machine-processable electronic
healthcare records has not been achieved yet in practice [Dogac et a, 2006]. Interoperable healthcare
information systems must be built upon a sturdy information structure using cohesive semantics as glue
[WHQ] between different approaches and mapping mechanisms as information bridges [Nainil &
Chheda, 2007].
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3.1 The need for semantics

Despite the abundance of standards, protocols and structural models, health care information currently
lacks of semantics. In arealigtic healthcare setting today, the exchanged message ingtances are EDI or
XML, and not messages conforming to an ontology. As a result, information is machine-readable but
not understandable and human intervention is required in every transaction. In order to automatically
understand documents we need terminology and semantics. A lot of terminology standards have been
developed to express in a systemic way diagnostic and clinical processes, to describe healthcare
information in a “commonly accepted language’ and to avoid vague definitions and errors. More
specificaly:

Healthcare information systems are able to store or exchange well formed and valid patient records and
messages that comply with standards with rich semantics. Healthcare documents complying EDI,
DICOM, IS0, HL7 etc. can be automatically converted to any other standard if a mapping mechanism
is defined. In order to increase the efficiency of mapping and improve information interoperability we
should enrich structural matching with semantics [Bicer et a, 2005].

The HL7 Clinical Document Architecture [CDA] is an XML-based mark-up standard intended to
specify the encoding, structure and semantics of clinical documents for exchange. It is based on the
HL7 Reference Information Model (RIM) and the HL7 Version 3 Data Types, though can be used
independently of any HL7 Version 3 messaging. The architecture supports narrative text in order to
ensure that the content will be human-readable, contains structure, and most importantly, allows for the
use of codes (such as from SNOMED and LOINC) to represent concepts.

The Continuity of Care Record [CCR] is a standard developed jointly by the American Society for
Testing and Materials (ASTM) and other hedth informatics vendors and associations in the United
States. It is designed to facilitate creation of medical documents that contain the most relevant and
timely core health information about a patient, and to assist electronic transfer from one care provider
to another. It contains patient demographics, insurance information, diagnosis and problem list,
medications, alergies, care plan and other critical information that can be lifesaving if available at the
time of clinica encounter. Documents that follow the CCR standard can be easily created by a
physician using an dectronic health record (EHR) system.

Aiming in reusability of components, openEHR introduces the concept of Archetypes and Templates
[Heard & Beale, 2005] that can be used in the description of patient demographics, clinical workflow
etc. The reusable components are described using Archetype Definition Language (ADL), which uses
XML and UML notation to define concepts of a healthcare information system as with any other
information system.

4. The proposed solution

The review of available standards shows that healthcare information systems are able to exchange data
only upon agreement on the sandards and semantics and stated the need for exchange of meaningful
clinica information among hedthcare institutes. This summary presented the necessities and
deficiencies of healthcare information systems and highlighted the roadmap towards efficient eHealth
networks.

The first step is to conclude in a minimum set of standards that cover all hedthcare activities. The
standards should be open to extensions or modifications, must have a concrete structure and be rich in
semantics. The mapping mechanisms that will be developed on top of the information will carry
domain knowledge and will be able to efficiently match semantics from two or more standards, to
combine structured information from many sources and produce healthcare information for individuals
and organizations.

The use of hierarchical information structures and XML related technol ogies seems to be the preferred
solution for healthcare information standards. Information can be semantically annotated using one or
more relevant OWL ontologies, which provide the nomenclature and conceptual model for interpreting
and reasoning with the concept. The ICD-10 standard for clinical documents has aready been the
backbone for the integration of clinical data. Most standardsin this category are aligned to ICD-10 thus
facilitating the semantic interoperability of information. OWL or RDF technologies can be the



backbone for describing healthcare semantic knowledge and other semantic technologies, such as
[SWRL] and [RDQL], can be used to provide ontology alignment and information matching.

Thefind step is to build the mechanisms that will take thiswell structured (XML) information and its
semantics (RDF) as input and will produce new information as output. The Semantic Web and Web
Services are the ideal solution for this conversion [Apostolakis & Vasamos, 2006]. Information
exchange between cooperating systems can be achieved by sending information through the
appropriate web service, defining the source and target syntactic and semantic standards and receiving
the processed information on target. Definitely, information exchange and access must be performed
using validation and authentication mechanisms, which should be supported by the web service
provider and the cooperating information systems but thisis outside of the scope of this paper.

Figure 3 that follows, presents the proposed architecture with the information sources, formats and
transformations being annotated with the respective technology acronyms, which will be presented in
the following paragraphs.
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Figure 3. Architecturefor the interoperability of healthcar e information

Different content delivery services may access the same hedlthcare records and produce a filtered
output. In order to ensure privacy protection, the access to the web services must be restricted only to
authorized personnd (i.e. doctors, nurses). Every user, depending on higher level and position, will be
eligible to access specific services and receive filtered information. This means that the origina
healthcare record information will remain intact in a central repository, and different filtered versions
will be delivered upon request to the accredited users via service calls.

Another merit of this approach is that there will be no loss of information, rather hiding or mutation of
the information being delivered.

4.1. Syntactic interoperability

The syntactic interoperability is crucia for information integration. As it is depicted in table 1, the

majority of messaging sandards use XML or EDI technologies to represent data. Even for those that

have their proprietary structure, such as ADL or DICOM, the transformation to XML has already been

specified. An extended research on available mapping mechanisms gives evidence on the following

mappings:
- HL7s EDI to XML: The open-source programming library from HL7, namely HL7
application programming interface [HAPI] can be used in transforming the EDI messages into
their XML representations

- ADL to XML: serialization to XML and other ADL transformation are available thanks to
The openEHR Eiffel Reference Implementation Project [openEHR Impl].



- DICOM to XML: DICOM ‘s Structured Reporting (SR) standard has been described in DTD
and XML-Schema notation by researchers [Xiaozhen & Zhihong 2005] and several APIs have
been devel oped, such as [openDICOM.NET], which supports DICOM as XML.
Since the programming interfaces are available, and the logic of mapping between standards is clear,
we can easly build web services responsible for transforming exchanged messages. Each Syntactic
Conversion Web Service (SCWS) should be aware of the source and target eectronic document
structure (i.e. of the two XML-Schema files) and of the mappings between information elements. For
example, a message produced by the Medical Lab IS using HL7's EDI format will be forwarded to the
appropriate semantic web service. There EDI will be transformed in XML and then forwarded to
another service that will transform HL7's XML to CCR XML. Then the document will be send to its
destination, which is the Hospital IS and will be incorporated to patients medical record. An
encryption and decryption procedure will take place right before sending the source information and
right after receiving the processed document.
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Figure 4. Web Servicesfor syntactic inter oper ability

4.2. Semantic interoperability

The overview has shown a wide variety of standards and terminologies used in every healthcare
activity. Although these terminologies do not align with each other, several research and
standardization efforts have been done to this direction. In order to achieve fully interoperable
information we need another set of Web Services that will handle semantic alignment (see Semantic
Matching Web Services — SMWB — in Figure 3). Most of the existing terminologies and healthcare
standards have their Semantic counterpart.

LOINC: The Regengrief LOINC Mapping Assistant [RELMA] is an effort to facilitate searches
through the LOINC database and to assist efforts to map local codes to LOINC codes. A mapping from
LOINC to the CPT standard used for billing isaso under devel opment.

SNOMED: Other European Projects such as [RIDE] support the incorporation of references to
SNOMED codes into the LOINC or HL7 information.

HL7: Artemis project [Bicer et al, 2005b] offers a mechanism for mapping HL7 v2 messages to HL7
v3 using semantics expressed in OWL syntax.

In general, RDFS and OWL are two languages that can be used to represent any of the existing
terminology standards. They offer the mechanisms for defining the matching rules between terms in
two different terminologies. For the semantic interoperability of information, we need services that are
aware of the terminology and structure of documents. Semantic web services will be able to pump
information from the source document, trandate it to the new terminology and fit it into the target
structure. For example, in order to incorporate laboratory results into the EHR, first the proprietary
local codes should be matched to the 6 LOINC attributes [Lau et al, 2000], and consequently the
LOINC-ified information can be incorporated into an HL7 message. The HL7 message will be
transformed into a CCR document that will be imported into patient’s EHR. The procedure is depicted
in Figure5.



Web Services

Proprieta i Directory
pprean ) Encrypior Authentication & LOINC
o it Identificatior / @ convertet
Local Codes Encrypted Servel - i
L!j . results = i
<S - 1

N '
. Decryptior |- Encrypted NS LOINC to
Hospital 1€ HL7 Message— | o ||  [————o - F HL
X &

LS
$
Semantic Matching
@ N

N Web Services

Figure 5. Web Servicesfor semantic inter oper ability

4.3. Multi-facet healthcare information

A major advantage from the use of web services and open information standards is the ability to
reproduce information in various formats and levels of detail. Although the EHR of a patient is capable
in covering all aspects of the healthcare process, only small portions of it are required in each aspect,
and these portions must be transformed to an appropriate format that can be read by humans or utilized
by computer systems. The information that is important for a practitioner in the case of an emergency
differs from that needed to an insurance company and both are complicated and useless for the patient,
who only wants a medical advice or a drug prescription. A doctor needs information in a browsable
format (i.e. in XML) so that she can have an overview of the patient’s health state and in the sametime
be able to drill down into the details of a patient’s record, whereas a patient will be happy with a brief
and clean diagnosis and medical prescription. Similarly, we should intentionally hide information from
an unauthorized application or person by removing part of the original EHR data before presentation.

The suggested technologies (XML, RDF, OWL) allow the creation of views over the EHR information
and thus are appropriate for producing multi-facet information. Once again, transformation web
services (both syntactic and semantic ones) will be responsible for the find output (see Figure 3).

4.4. The merits of information interoperability

Firs of al, a system that builds upon XML and Semantic Web Services has all the merits of those two
technologies [Pruitt et al, 2000], [Goble et al, 2001] [Mcllraith et a 2001]: ease of representation,
analysis toadls, traceability, creation of views, collaboration, information and knowledge repositories.
Especially for healthcare information the gains are multiple and are summarized in the following:

Information is accessible everywhere. Patients doctors, hospitals are able either to recover the
patient’s EHR from everywhere and import it into their information system, or to send the medical
examination results and diagnosis as a message to the identification server and update the patient’s
HER automatically.

The EHR details are encapsulated and available to authorized users. Since the communication with
the EHR is performed via the identification server, only authorized users are able to access a patient’s
record and modify or update its contents.

Personal information is secure. Information is encrypted before being transferred to the server thus
guaranteeing protection of sensitive persona data.

Healthcare information is easy to read and interpret: The original results of a medical examination
are valuable to a doctor, but useless to the common patient. With the use of semantics, the value of
“140/90 mmHg” for blood pressure can be converted to “High” and marked with red color into the
PDF document that is sent to the patient, thus increasing readability of HER contents. Only the
information which is delivered to the user is transformed without affecting the original healthcare
record information, so thereis no information | oss.

Advanced knowledge management is supported. Information with semantics can be used as a
knowledge base for decision support, for population statistics or healthcare planning tasks [Varlamis &
Apostolakis, 2005].



5. Anintegrated healthcare information system
In order to give a better idea on the suggested solution, a exemplar case is presented in the following.
The example examines the case of a patient who is visiting ahospital for aroutine check.

Upon patient’s arrival a the hospital, his’her Electronic Health Record is retrieved based on the
Patient’ s Identification Number. The reception sends an HL7 message to all |aboratory departments of
the hospital that will carry out the check. The results of every test are semantically matched to LOINC
as described in section 3.2 and are converted into XML. The results are forwarded for annotation to the
doctor who is responsible and are converted into CCR format in order to be incorporated to patient’s
EHR as described in section 3.1. The same procedure is repeated for all the medical tests and the
patient record is updated.

At the end of the check, the patient record is forwarded to the accounts office and insurance and
financial information are updated. The insurance company gets informed of the medical examinations
performed and the total cost. The patient gets informed on the tests results by receiving a printable
version of the annotated results in an appropriate format. The EHR is updated and is send to the server
for filing.

Several issues of concurrent access to the patient’s EHR or of different versions of information stored
into distributed information systems have already been confronted in other information systems, so can
be easily solved in the Healthcare case.

6. Conclusions

Healthcare services comprise very complicated procedures, with many information systems co-
operating for the common wealth. Co-operation demands exchange of mutually understandable
information and this requires physical connectivity and common language. If we compare the
Healthcare Information Systems to the tower of Babel, the only way to make things work isto build on
popular structure standards by exploiting the power of semantics and their matching mechanisms. With
the proposed solution, healthcare providers are able to use their own formats, structures and semantics,
provided that they make available the appropriate semantic and syntactic matching services. Findly,
healthcare information will be available to any authorized system or person and will be delivered in
different formats and levels of granularity based on the person that access and the web service that
deliversit.

References

[Apostolakis, 2002] Apostolakis |., “Healthcare Information Systems’, Papazisis Editions, 2002, (book
in Greek).

[Apostolakis & Valsamos, 20065] Apostolakis, |., Vasamos, P., “Interoperability and quality in
Healthcare Information Systems’, 2™ Conference in Quality of Healthcare Services, Dec.
2005 (in Greek).

[Apostolakis & Valsamos, 2006] Apostolakis, |., Vasamos, P. "A hedlthcare interoperability
framework based on the composition of semantic web services', 4rd ICICTH, Samos, 2006

[ASTM, 1995] A Standard Description for Content and Structure of the Computer-based Patient
Record, E1384-91/95 Revision, ASTM Subcommittee E31.19, Philadelphia, PA. 1995.

[Bicer et a, 2005] Bicer, V., Laeci, G., Dogac, A., Kabak, Y., “Providing Semantic Interoperability in
the Healthcare Domain through Ontology Mapping”, eChallenges 2005, Ljubljana, Slovenia.

[Bicer et a, 2005b] Bicer, V., Laeci, G. Dogac, A., Kabak, Y., “Artemis message exchange
framework: semantic interoperability of exchanged messages in the hedthcare domain”.
SIGMOD Record 34(3): 71-76 (2005)

[Coteet a, 1993] Cote, R.A., Rothwell, D.J,, Palotay, J.L., Beckett, R.S., Btochu, L., The systematized
nomenclature of human and veterinary medicine — SNOMED International, Collego of
American Pathol ogists, 1993.

[Dogac et a, 2006] Dogac, A., Laeci, G. B., Kirbas, S, Kabak, Y., Sinir, S. S,, Yildiz, A., and Gurcan,
Y., “Artemis: deploying semantically enriched web services in the healthcare domain”. Inf.
Syst. 31, 4 (Jun. 2006), 321-339. DOI= http://dx.doi.org/10.1016/j.is.2005.02.006

[Feinstein, 1987] Feinstein, A.R., ICD POR and DRG: Unsolved scientific problemsin the nosology of
clinical medicine’, Arch Intern Med, 1987.

[Gersenovic, 1995] Gersenovic, M. The ICD Family of Classifications. Methods of Information in
Medicine 34, 172-175, 1995.



[Goble et al, 2001] Goble, C., Stevens, R., Ng, G., Bechhofer, S., Paton, N., Baker, P., Peim, M., and
Brass, A. TAMBIS: Transparent access to multiple bioinformatics information sources |IBM
Systems Journal 40(2):532-551 (Special issue on Deep Computing for the Life Sciences),
2001.

[Harrington, 1991] Harrington, J.J. IEEE P1157 medica data interchange (MEDIX): Application of
open systems to health care communications. Topics in Health Records Management 11:45-

58.
[Heard & Beale, 2005] Heard S., Beale T., "Archetype definitions and principles', openEHR 2005,
Available on 29-1-2007 at:

http://svn.openehr.org/specifi cation/TRUNK/publishing/index.html

[Lau et al, 2000] Lau LM, Johnson K, Monson K, Lam SH, Huff SM. “A method for the automated
mapping of laboratory resultsto LOINC”. Proc AMIA Symp. 2000:472—6.

[McDonald, 1995] McDonald, C., Laboratory observation identifier names and codes (LOINC) Users
guide vs 1.0, Regendtrief Ingtitute, 1995.

[Mcllraith et a 2001] Mcllraith, S. A., Son, T. C., and Zeng, H. 2001. Semantic Web Services. IEEE
Intelligent Systems 16, 2 (Mar. 2001), 46-53. DOI= http://dx.doi.org/10.1109/5254.920599

[Moser, 1992] Moser, M., The Patient as a Consumer, in “Yale University School of Medicine Heart
Book” Medical Editors: Barry L. Zaret, M.D., Marvin Moser, M.D., Lawrence S. Cohen,
M.D., (pgs 359-362), 1992

[Nainil & Chheda, 2007] Nainil C. Chheda, MS, "Standardization & Certification: The truth just
sounds different”, Application of Healthcare Governance. Electronic Medical Records Inc.
2007

[O'Neil et a., 1995] O'Neil, JM., Good, G.E., Holmes, S. (1995). Fifteen years of theory and research
on men's gender role conflict: New paradigms for empirical research. In R. Levant & W.
Pallack (Eds.) The new psychology of men. New Y ork: Basic Books

[Pruitt et al, 2000] Pruitt, S., Stuart, D., Sull, W., Cook , T.W., “The Merit of XML as an Architecture
Description Language Meta-Language’, in XML Cover Pages Available on 30-1-2007 at
http://xml.coverpages.org/ADL-meritofxml.html

[Varlamis & Apostolakis, 2005] Varlamis, I., Apostolakis, |I. "Monitoring evolution in Healthcare
domain”, Journal for Quality of Life Research (JQLR), Val. 3, Issue 2, May-June 2005.

[Xiaozhen & Zhihong 2005] Xiaozhen, Y., Zhihong, Y., "Application of XML in DICOM. Medicd
Imaging 2005: PACS and Imaging Informatics'. Edited by Ratib, Osman M.; Horii, Steven C.
Proceedings of the International Society for Optical Engineering, Volume 5748, pp. 446-454
(2005)

Web Resources

[ASC X12] ASC X12 homepage, http://www.x12.org/

[ATC] Official ATC website, hosted by the WHO Coallaborating Centre for Drug Statistics
Methodol ogy http://www.whocc.no/atcddd

[CCR] E2369-05 Standard Specification for Continuity of Care Record (CCR), Developed by ASTM

[CDA] HL7 Clinical Document Architecture http://www.hl7.org/documentcenter/public/fag/cda.cfm

[EDIFACT] United Nations Directories for Electronic Data Interchange for Administration, Commerce
and Transport, Available on 29-1-2007 at: http://www.unece.org/trade/untdid/wel come.htm

[EHRcom] ENV 13606:2000 “Electronic Healthcare Record Communication”, Available on 29-1-2007
at: http://www.centc251.org/ TCM eet/docli st/ TCdoc00/NO0-048. pdf

[HAPI] HL7 application programming interface, http://hl 7api.sourceforge.net/ 3 April 2002

[HL7 V3] HL7 Version 3 Specification, http://www.hl7.org/library/standards nonl.htm

[ICPC2] http://www.ulb.ac.be/esp/wicc/icpc2.html

[MRI] Medical Records Ingtitute, Available on 29-1-2007 at: http://www.medrecinst.com/

[Neotool] Neotool, Conformance Checking for HL7. Available on 29-1-2007 at:
http://www.neotool .com/pdf/HL 7-M essage-Conformance-Checking. pdf

[NEMA] National Electrical Manufacturers Association, Digita imaging and communication in
medicine (DICOM), Available on 29-1-2007 at: http://medical.nema.org/

[NHII] National Health Information Infrastructure, “Technology and Standards for Health Care’,
http://aspe.hhs.gov/sp/nhii/standards.html

[openDICOM.NET] The DICOM library project, http://opendicom.sourceforge.net/, 2005 [openEHR]
OpenEHR Foundation, http://www.openehr.org/

[openEHR Impl] openEHR Eiffel Reference Implementation Project
http://svn.openehr.org/ref_impl_eiffel/TRUNK/project page.htm, July 2005




[RELMA] Regenstrief LOINC Mapping Assistant,
http://www.regenstrief.org/medinformatics/l oinc/relma

[RIDE] A Roadmap for Interoperability of eHealth Systems in Support of COM 356 with Special
Emphasis on Semantic Interoperability, RIDE project
http://www.srdc.metu.edu.tr/webpage/projects/ride/

[RDQL] Andy Seaborne, RDQL - A Query Language for RDF, W3C Member Submission 9 January
2004, Available on 29-1-2007 at: www.w3.org/Submission/RDOQL/

[ReadCodes] http://www.equip.ac.uk/readCodes/docs/index.html

[SWRL] lan Horrocks, Peter F. Patel-Schneider, Harold Boley, Said Tabet, Benjamin Grosof, Mike
Dean, SWRL: A Semantic Web Rule Language Combining OWL and RuleML, W3C
Member Submission, May 2004, Available on 29-1-2007 at: www.daml.org/2003/11/swrl/

[WHQO] World Health Organization, “eHealth Standardization Coordination Group standards ligt”,
http://www.who.int/entity/ehsca/resources/en/ehscqg_standards list.pdf




