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Abstract

The majority of health informatics standards are developed by the International
Standards Organization’s Technical Committee 215 (TC215) and Comité
Européen de Normalisation’s Technical Committee 251 (TC251), who have
currently published 87 (ISO, 2010c) and 74 (CEN, 2010) standards respectively.
In view of this large number of standards it is important to be able to determine
which are likely to be successful. The “good” aspects of a standard need to be
fully utilised, while the “bad” aspects are clearly identified and used with caution.

This study goes in search of those properties of a messaging standard that make it
successful in terms of its usability and applicability (specifically that it's
implementable by anyone who wishes to use it for the purpose for which it was
intended).

A study was undertaken of 30 ASTM E1394-97 implementations in order to
identify the “good” and “bad” features of the standard by assessing the compliance
and non-compliance of the chosen implementations.  Furthermore these
implementations were assessed in terms of compliance with the ISO 18812 that
profiles the use of ASTM E1394-97.

An analysis of these findings found that the following features were central to the
success of ASTM E1394-97 standard:

e Simplicity
e Use of Language
e Optionality

Furthermore it was found that use of the following improved the quality of the
messages and would also help to bring about semantic interoperability:

e Standardised Codes/ Code Sets
e Data Standards
e Data Typing

From the study it was also found that it is important to ensure that messaging
standards meet the required functionality demanded of them by systems/devices.



Abbreviations

Al Analytical Instrument
ASTM American Society for Testing and Materials
CALM Clinical Analyser interfaces to Laboratory inforMation

systems (project team of CEN TC251)
CCM Critical Care Medicine
CEN Comité Européen de Normalisation (European Committee

for Standardisation)

CLSI Clinical and Laboratory Standards Institute
DICOM Digital Imaging and Communications in Medicine
DMS Data Management System

EDI Electronic Data Interchange

GP General Practitioner

HIQA Health Information and Quality Authority

HL7 Health Level Seven

HSE Health Service Executive

IBM International Business Machines

ICT Information and Communications Technologies
ISO International Organisation for Standardisation
IVD ‘In Vitro Diagnostic’

LIS Laboratory Information System

LOINC Logical Observation Identifiers Names and Codes
MRN Medical Record Number

NCCLS National Committee for Clinical Laboratory Standards
OSI Open Systems Interconnection

PAS Patient Administration System

POCT Point Of Care Testing

PPSN Public Personal Service Number

QC Quality Control

SCSS School of Computer Science and Statistics



SDO Standards Development Organisation

SNA Systems Network Architecture

SNOMED CT Systematized Nomenclature of Medicine - Clinical Terms
TC Technical Committee

TCD Trinity College Dublin

TCP/1P Transmission Control Protocol/Internet Protocol

TTP Trusted Third Party

ucuM Unified Code for Units of Measure

XML eXtended Markup Language



Table of Contents

TabIe Of CONLENES ......eiuiiiriiieiieeiieee ettt ettt sttt e e e e e e e 1
LISE O FIGUIES ...ceiiniiieeiiie ettt ettt e e et e et e e esbeeesssaeessneeensseeenneaeas v
LISt OF TADIES ..ttt ettt et ettt et e e e ea vi
Chapter 1 INtrodUCTION. ....coouuiiiiiiiiiiiie ettt ettt e et e st esbbee e 1
1.1 Background InfOrmation...........c.cc.eeeiiieiniiiiiiieeieeeeeeie et 1
1.2 Motivation fOr STUAY ......ccoviiriiieeiieeeiie ettt ettt st eesreeeseaeeesaeeenenes 3
1.3 Aims and Objectives of this WOrK..........cceeeviiiiiiiiiiiieeiceceece e 4
1.3.1 AIms Of this WOTK....cceiiiiiiiiiiiieeceee e 4
1.3.2 Objectives Of thisS WOTK .......ccoiiiiiiiiiiiiiiiieeeieeeeceee e 5
1.4 Laboratory Messaging and ASTM E1394-07 ..o 5
1.4.1 Standards Development Organisations (SDOs) who develop Laboratory
Messaging StaNAArds .........coooueeeiiiiiiiiiiieeieee e 6
1.4.2 The Evolution of Laboratory Messaging...........ccoccveevvveeriieeniiieeniieesnieesneeens 9
1.5 CONCIUSION ...ttt ettt ettt e st e bt e st e b e e 14
Chapter 2 The Need for Messaging Standards ............ccceeeevveeriieeniiieeniieeniee e 15
2.1 The Need for Messaging Standards ............ccccueeevieeriieeniiieenieeeciee e evee e 15
2.2 CONCIUSION ...ttt ettt ettt ettt et st sane e neesaee e 17
Chapter 3 ASTM E1394-97 and ISO 18812 Standards...........ccceveevuerieneenenieneennens 18
3.1 ASTM E1394-97 Hierarchical Structure ............ccoceeveerieriienieenieenieeeenieeieene 18
BULTLEVEL O ettt 19
BULZLEVEL 1 o 19
BULBLEVEL 2 o 21
BULALEVEL 3 ettt sttt et naeen 22
BULSLEVEL 4 ettt ettt nae e 22
3.2 ASTM E1394-97 Record Types Defined .........ccccceevveeriieiniiiiniieinieeniee e 23
3.2.1 Message Header MESSAZE .....ccuueeriieiiiiiiiiieeeiieeeiteeeite ettt 23
3.2.2 Patient Information Record...........cccceiiiiiiiiiiiniiiiiceceeeeee, 25
3.2.3 Test Order RecOrd........ccooiiiiiiiiiiiiiceeeee e 28
3.2.4 ReSUlt RECOT......coouiiiiiiiiiiiicceccee e 32



3.2.5 Comment RECOTA ......ouuuueeiiiiiiiiiieeeeee ettt ettt e e e e e ettt aaree e e s e eeeanaaas 35

3.2.6 Request Information Record...........ccooueiiiiiiiiiiiniiiiiiiccceceeecee e 35
3.2.7 Message Terminator RECOTd...........cooouiiiiiiieiiiieiiiecieecee e 38
3.2.8 Scientific RECOTd......c..oiiiiiiiiiiiiici e 38
3.2.9 Manufacturer RECOTd .........ccovviiiiiiiiiiiiiiieeiceeecee e 40
3.3 The ISO 18812 Standard............ccceeuerienieniiniiieeieeeeeeetee e 41
3.3.1 BaCKEIroUNd........ooeuiiiiiiieeiieeeiie ettt et e e e e eeeaaeean 41
3.3.2 MeSSAZE DESCIIPLIONS ...eeeeurieeiiieeriiieeiieeeiieeeiteeeiteeeteeesaeeeeaeeeseseeenaseeesneens 42
3.3.3 MesSSAZE Profiles ......coouiiiiiiiiiiiiiiieee et 43
3.4 CONCIUSION ...ttt ettt ettt st et e eneesaeeeneenes 45
Chapter 4 A Study of 30 ASTM Implementations...........cceeereveeerieeenieeenieeerreeeenenns 46
4.1 EthiCS APPIOVAL .ceeeiiieiiiieeiieeeee ettt e e et e e seve e esaa e e eeaeeeneseeensaeeas 46
4.1.1 Ethical Approval ReqUIr€ment ............ccueevvuieiriiiieniieeniieeiee e 47
4.1.2 Ethical Approval PrOCESS.......c.cueeiiiiiiiiiieiiieeiiteerieeeee et 47
4.2 Primary Research Methodology Employed..........cccccccvveeriiieniieeniieeieeeiee e 48
4.3 ASTM COMPIIANCE .....uvvieeiiieeiiieeiieeeite e et e eiteeeteeesaeeesaeeessbeeessaeeessseeessseesnsneens 54
4.3.1 Header MESSAZE ...cc..ueeeurieiiiieeiiee ettt ettt ettt e et e e e e 54
4.3.2 Patient Information Record............ccocueeviiiiiiiiiiniiiiieieecnccece e 55
4.3.3 Test Order ReCOrd........coouiiiiiiiiiiiinieeeieee e 56
4.3.4 ReSULt RECOTA......oiiiiiiiiiiiiieeee e 57
4.3.5 Comment RECOTd ..........oouiiiiiiiiiiiiiiieeeeeee et 59
4.3.6 Request Information Record............ccoouiiiiiiiiiiiiiniiiiicciceeeeeeeee e, 59
4.3.7 Message Terminator Record............oovuiiiiiiiiiiiiiiieeiiceieeeteeeee e 60
4.3.8 Scientific RECOTd. .....coc.uiiiiiiiiiiiiii e 60
4.3.9 Manufacturer RECOTd ........coouiiiiiiiiiiiiiiiieeeeeee e 60
4.4 Analysis Of ASTM FINAINGS .....coiviiiiiiiiiiiieiieeeieeeeeeteeete et 61
44,1 DEIIMITETS. ..ccouiiiiiieiiieiienie ettt ettt ae e s et 61
4.4.2 MUItPIE VAIUES....cccviiiiiieeiiie ettt ettt e e sebeeesaeeeneneeenenas 61
4.4.3 Unsupported ValUES........ccovuiieiiieeiiieeiieeiie et esieeesieeesveeesveeeeaeeeeaeeenenas 62
4.4.4 Misinterpretation of Fields..........cooviiiiiiiiiiiiiniieec e, 63
4.4.5 Concatenation of Multiple COMPONENLS........ccceeerviveerriieeriiiieniieeniee e 63
4.4.6 DITErent FIags .......ccveiiiiiiiiiieiie ettt et e e e e 63

i1



4.4.7 Additional COMPONENLS .......eeerurieriiiiiiiiieeiieeeiteeriee et e e ee e eesireesiree e 63

4.4.8 Use of Test IdeNtIfIers. ......coviiriiiriiiiiiiceieeseceeeceeee e 64
4.4.9 Dala TYPES .eveeeiieiieeeee ettt ettt st 64
4.4.10 The use of Standards within Standards...........ccccceeeeerveeniieiniiniieniienieeeene 65
4.11 Missing Functionality as Suggested by Implementations...........c.ccccevueennneen. 66
4.5 Reserved or Special Use FIelds .......coooiiiiiiiiiiiiiiiiiiieeieceecete e 68
4.6 Language Usage within the ASTM 1394-97 Standard...........cccceevieiiienicnnennnen. 69
4.6.1 Non-Compliance with ASTM 1394-97 and Language Usage.........c.cceuueeee 69
4.6.2 Language Usage and Ambiguity within the Documentation......................... 71
4.7 The ‘Pyramid of AdOPLION.......ccoviiiiiiiiiiieiiteeteeeee ettt 72
4.8 ISO 18812 Profiles and Optionality COMPHANCE .........ceevvveerieeeriieeieeeiieeeneneens 73
4.8.1 Header RECOTd .....coc.ueiiiiiiiiiiiiiiieteecete e 73
4.8.2 Patient Information Record............ccocueeviiiiiiiiiiniiiiiiieececece e 74
4.8.3 Test Order RECOTd........coouiiiiiiiiiiiiniecieeeee e 74
4.8.4 Result RECOTd......coiiiiiiiiiiiiiiece e 76
4.8.5 Comment RECOT .........cooiiiiiiiiiiiiiiiieieeetee e 77
4.8.6 Request Information Record............ccovuiiiiiiiiiiiiniiiiceteeee e, 77
4.8.7 Message Terminator RecOrd............ccoviiiiiiiiiiiieiiiieiieeceeeeeeee e 77
4.8.8 Scientific RECOId......coceiiiiiiiiiiiiienccce e 78
4.8.9 Manufacturer RecOrd .........ccooiiiiiiiiiiiiiiiiiieceeeee e 78
4.9 Analysis Of ISO 18812 FINAINGS.....cccoeuiieriieeiiieeiiieeiieeeieee et eeieeeeveeesveeeseaeeens 78
4.9.1 Unnecessary MeSSAZING.......ueeeueieriieeniieeniieeniieeeiteesiteesiteesbeessaeessiseessneeas 78
4.9.2 Orders Only FIelds.......c.cooiiiiiiiiiiiiiieiieeieeee e 79
4.9.3 Mandatory FIelds .........coouiiiiiiiiiiiiiee e 79
4.10 ISO 18812 Allowed Values COMPHANCE.........ccccveeeriereiieeniieeeiieeeieeeevee e 80
A.1T CONCIUSION ..ottt ettt et e eneens 80
Chapter 5 What constitutes good health messages..........ccceevvviiriiiiniiiiniieinieeiieee 82
5.1 Good Health MESSAZES ......eeerviieeiiieeiiieiiieeeieeestee et e et e eireesvae e sbeeesaseeenseeennne 82
5.2 Summary of FINAINGS......coouiiiiiiiiiiieieeeee et 90
5.3 Other FINAINGS ..cc..veiiiiiiiiiiieiieeeieeee ettt ettt e 91
5.3.1 Consistency between Standards............ccovcveeriieiniiieiniieenieeee e 91
5.3.2 Errors in DOCUMENTAtION.......cc.eeiiiiiiiiiiiiiie ettt 92

11



5.3.3 NOSOCOMIAL INTECIONS ...vviiiieiiiiiieeee et ettt e e e ettt eeeeeeeenaaas 92

SATFUIUIE WOTK ..ottt ettt 93
5.5 The ISO 18812 Standard and this Research ...........ccccoviiiiiiiiiiniiceee 94
Chapter 6 CONCIUSION ....couuiiiiiiiiiiiieeite ettt 96
APPEIIAICES ...ttt ettt et et e bt e s ab e e s a bt e et e e st e e et e e sbeeesabae e e I
Appendix A — Laboratory Standards Timeline..........ccccoevueeriiiiiiiieniiienieeieeeeeee I
Appendix B — ASTM E1394-97 to LIS2-A2 CompariSOon ..........cccceeeveeneenieenieeneenne II
Appendix C —Non Compliance with ASTM 1394-97 and ISO 18812.......c.cccocueeuneen. X
Appendix D — Language Usage and Non Compliance with ASTM 1394-97 ...... XXI
Appendix E — Ethics Approval Process ..........ccceevuieriiieiiieeniieeniceneeesieeeeeenn XXVII
E-1 Communications between Author and Ethics Committee......................... XXVII
E-2 Ethics Committee - Proposal..........cccceeeiiieiiiieiiiieniieesiee e XXVII
E-3 Ethics Committee - Ethics Protocol...........ccccceoeeiiiniiniiniciiiencceeee XXXI

E-4 Letter to A/Director of Information Services — HSE Dublin North East XXXIV
E-5 Letter of Consent — A/Director of Information Services — HSE Dublin North East

XXXV
E-6 Cover Letter to Implementers/Developers...........coovveervieeniieeniieeeniieenne XXXVI
E-7 Letter of Consent from Implementers/Developers...........ccocuveevuveenneen. XXXVII
BiblIOGIapRY ...eeeeiiieeee e XL

iv



List of Figures

Figure 1 - Evolution of the ASTM and HL7 Messaging Standards ...........ccccceeevvveeriuieenneen. 9
Figure 2 - HSE NE Area - Analysers by Messaging Protocol Employed ..............cc.......... 48
Figure 3 - Sample ‘Record Type’ Worksheet — Analyser Entry.........ccccoecvveviiieniieeninnnnee. 50
Figure 4 - Sample ‘Record Type’ Worksheet — Non Compliance Example ....................... 51
Figure 5 - ISO 18812 Optionality Compliance Chart............cceeevveeriiieniieeniieeniieeeieeee 51
Figure 6 - Sample of ‘Values Only’ Spreadsheet Entries..........ccccceevveeriieeciieencieeeieeee 52
Figure 7 - Recording of ASTM and ISO 18812 Profiles Compliance...........cc.ccccvveerveennee. 52
Figure 8 - ASTM E1394-97 and ISO 18812 Profiles Compliance per Record Type.......... 53
Figure 9 - Compliance with ASTM and ISO 18812 Allowed Values.......c.cccceceevuerneennene 54
Figure 10 — National GP Messaging Standard — NTE Segment............cccccceeeveeviveencnneennne. 64
Figure 11 - Usage of 'Special' or 'Reserved' fields by vendors..........ccceeeveeeeiiencieencieeennne. 68
Figure 12 - ASTM Pyramid of AdOPtiON.....cccueiiiiiiiiiiiiiiieiiieeeieeeteeee e 72
Figure 13 - HL7 Pyramid of AdOPHON .......eeiiiiiiiiiiiiiieeiteeeteeee et 73
Figure 14 - Laboratory Standard Organisations and Standards Timeline ............c.cccccveeeunen. I
Figure 15 - Mind map of Header Record - Non-Compliances with ASTM E1394-97 ........ X
Figure 16 - Mind map of Header Record - Non-Compliances with ISO 18812.................. XI

Figure 17 - Mind map of Patient Information Record - Non-Compliances with ASTM
ELBO4-07T .ttt b et sttt et sbe s XII
Figure 18 - Mind map of Patient Information Record - Non-Compliances with ISO 18812

.......................................................................................................................................... X1
Figure 19 - Mind map of Test Order Record - Non-Compliances with ASTM E1394-97

.......................................................................................................................................... XIV
Figure 20 - Mind map of Test Order Record - Non-Compliances with ISO 18812.......... XV
Figure 21 - Mind map of Result Record - Non-Compliances with ASTM E1394-97...... XVI
Figure 22 - Mind map of Result Record - Non-Compliances with ISO 18812.............. XVII
Figure 23 - Mind map of Comment Record - Non-Compliances with ASTM E1394-97 and
LSO I8812 ..ottt ettt et ettt et et e bt et eae e beeaeeaee b eneas XVIII
Figure 24 - Mind map of Request Information Record - Non-Compliances with ASTM

E 1394207 ..ttt sttt b et XIX



Figure 25 - Mind map of Request Information Record - Non-Compliances with ISO 18812

........................................................................................................................................... XX
Figure 26 - Mind map of Message Terminator Record - Non-Compliances with ASTM
E1394-97 and ISO 18812 .....ueiiiiieiieete ettt ettt e XXI
Figure 27 - Mind map of Manufacturer Record - Non-Compliances with ASTM E1394-97
ANA ISO T8BI2 ..ttt ettt sttt XXII
Figure 28 - Overall Language Usage and ASTM E1394-97 ......ccooiiiiiiiiniiiniinicnen. XXIII
Figure 29 - The use of "shall" and non-compliance with ASTM E1394-97 ................. XXIV

Figure 30 - The use of other imperatives and non-compliance with ASTM E1394-97 . XXV
Figure 31 - The use of non-imperatives and non-compliance with ASTM E1394-97 .. XXVI

Figure 32 - Communication between Author and Ethics Committee...............ccccue..... XXVII

List of Tables

Table 1 - ISO 18812 Message Profiles .........cccuieeiiiiiiiiieiiieciieeieeeiee e 42
Table 2 - Comparison between ASTM Result Record and HL7 OBX Segment................. 91
Table 3 - ASTM E1394-97 to LIS2-A2 COMPATISON ...eeeuviieiiieeriiieeiiieeireeeieeeeieeeeieee e II

vi



Chapter 1 Introduction

1.1 Background Information

It is estimated that 77 million laboratory investigations are carried out annually in
Ireland on various types of human biological specimens, at a cost to the Irish
exchequer of €469 million euros (McDonald, 2009). Given that the Irish population
according to the ‘Population and Migration Estimates April 2009’ (Central Statistics
Office, 2009) is approximately 4.5 million people, that represents an annual
average of almost 20 tests for every man, woman and child. It is also clear that
laboratory testing is a key instrument for patient diagnosis and treatment,
(Harrison and McDowell, 2008), (Plebani, 2009).

Orders for laboratory investigations (henceforth called tests), originate from a
variety of sources including general practices, outpatient clinics and hospital
inpatient services. The majority of the tests are processed onsite in one of the 44
HSE hospital laboratories located throughout the country. There are also third
party laboratories, such as Claymon Bionmis, who are contracted by the HSE to
process a significant portion of these tests in so called ‘cold lab’ facilities. The
majority of this work originates from primary care (Mitchell, 2009).

There has been a significant increase in laboratory testing in recent years.
Between 2000 and 2004, laboratories in the UK saw an 83% increase in the
number of tests submitted by primary care practitioners (Plebani, 2009). The
same study noted that similar international trends were having an impact on the
delivery of laboratory services in other countries. The modern automated
laboratory environment enables laboratories to efficiently and effectively process
this ever increasing volume of laboratory tests (Harrison and McDowell, 2008).

Electronic messaging is central to the laboratory automation process. Each
laboratory test result, whether processed by the HSE or by a contracted

laboratory, is the main subject of electronic communication between the



Laboratory Information System (LIS) and the Analytical Instrument (Al). Electronic
laboratory messaging technology enables this communication; thus making it
possible for all the test orders, test queries and test results to be communicated
between the devices and the information system(s) to which they are connected.

Lab results have a major impact on the decisions that health professionals make.
So the quality of laboratory messaging is literally a matter of life and death.
According to some sources, the information obtained from laboratory results
accounts for between sixty and seventy percent of all information that is used in
the clinical decision making process (Harrison and McDowell, 2008). Furthermore,
almost two-thirds of acute care decisions relating to admission, discharge and
administering of medication to patients is based upon these test results (Plebani,
2009).

The quality of laboratory messaging also impacts on the number of potential errors
in laboratory medicine. Such errors were highlighted in the influential ‘To Err is
Human’ report (Kohn, Corrigan and Donaldson, 2000). Due to the enormous
volume of laboratory tests performed worldwide on a daily basis, possibly billions,
even a very low incidence of laboratory testing errors can have a significant
negative impact with resulting implications for both public health and patient safety
(Plebani, 2009).

Electronic messaging standards play a central role in ensuring the quality of
laboratory messages. But they are not limited solely to usage within the laboratory
environment. They enable the messaging and recording of information pertaining
to patients between many different information systems through the use of such
standards as HL7 and DICOM. The usage of messaging standards is continually
increasing as many other areas of healthcare are beginning to use electronic
standards based messaging to improve the service they are providing to patients
(Rajeev et al, 2010).



The linking of laboratory systems to other systems using standardised messages
can also improve the quality of laboratory messaging. For example, a laboratory
system may be connected to an order communications system that maintains
records for all patient medications. In this instance it could be possible for the LIS
to automatically highlight the impact of a patient’s medications on their laboratory
test results (Kaplan, 2009). This type of interoperability between systems is called
semantic interoperability. Achieving semantic interoperability is not a trivial matter,
but it can have a major impact on the healthcare decision-making process.

1.2 Motivation for Study

There is currently a drive internationally to improve the quality of healthcare
messages. This work feeds into that initiative by examining characteristics of a
good messaging standard. If a messaging standard is of high quality and suitable
for a particular purpose, those who adopt the standard can be sure that messages
conforming to it will also be of high quality and fit for purpose.

The drive for quality messaging is also happening within the Irish health system.
There are currently a number of initiatives between the HSE and the Health
Information and Quality Authority (HIQA) who are together embracing the use of
messaging standards and technologies to enable interoperability. One such
initiative is the National GP Messaging Standard. This standard uses a subset of
the HL7 messaging standard to enable messaging of results to GPs and electronic
referrals by GPs to secondary care via the national messaging portal, Healthlink,
(Health Information and Quality Authority, 2010a). The Authority see such
standards as “an essential way of improving how we use technology to enable
safe and effective information exchange, including the exchange of clinical,
administrative and patient information, for the benefit of the quality and safety of
patient care”, (Health Information and Quality Authority, 2010b).



So given the current interest in adopting and adapting messaging standards, it is
important to know what makes a good standard. It is equally important to be able
to identify the elements or aspects of a standard that are weak, so that authors of
national profiles can actually caution at a national level about possible misuse of
any vague parts, concepts or sections that could be misinterpreted.

1.3 Aims and Objectives of this Work

1.3.1 Aims of this Work
This dissertation attempts to identify those properties of a messaging standard that

make it successful in terms of its usability and applicability (specifically that it's
implementable by anyone who wishes to use it for the purpose for which it was
intended). More specifically in relation to health messaging standards, the aim is

to consider:

e The positive and negative features of a standard

e What makes a “good” standard

e What makes a standard successful

e What makes a standard usable by system/instrument vendors

e What properties of a messaging standard aid system interoperability

In order to accomplish these aims, it is first necessary to identify a successful
messaging standard that has been widely implemented by vendors/manufacturers.
The ASTM E1394-97° (ASTM, 1998b) specification is well suited to this
requirement. It has been widely used by Analytical Instrument (Al) manufacturers
as the de facto messaging standard between analysers and Laboratory
Information Systems (LISs) for almost two decades, with a majority of vendors still
choosing to use it in preference to their own proprietary protocols. ASTM E1394 is

also apparently a successful standard.

* It should be noted that the ASTM E1394-97 standard was approved on Dec. 10, 1997. However it was not
published until March 1998.



So what are the features of ASTM E1394 that has made it so successful and do

these features also make a “good” standard? This work will attempt to answer this

question through a number of different routes.

1.3.2 Objectives of this Work

Firstly, implementations of a number of ASTM E1394-97 interfaces by
different Analytical Instrument (Al) vendors will be studied to gain an insight
into how the standard is implemented, by different vendors. In this manner
it is hoped to identify the “good” and “bad” features of the standard by
assessing the compliance and non-compliance of the chosen
implementations.

Specifically, the work will show how good features have enabled the wide
spread and effective use of the standard.

The use of language in the standard will also be assessed, by correlating
the language used in clauses with compliance to those clauses. Does the
use of strong language and mandatory/optional flags prompt compliance?
Next the unexpected (mis)use of the standard, points to features that are

missing from the standard or other weaknesses.

This work attempts to identify and document these shortcomings in order to

provide feedback to standards developers.

1.4 Laboratory Messaging and ASTM E1394-97

Before embarking on a detailed examination of the ASTM E1394-97 standard it is

helpful to review the following background information:

The key Standard Development Organisations (SDOs) that have been
involved in the development of messaging standards that have impacted on
electronic healthcare messaging.



e The evolution of laboratory messaging that brought about the need for
ASTM E1394-97
The next few sections will cover these topics.

1.4.1 Standards Development Organisations (SDOs) who develop
Laboratory Messaging Standards

There are a number of organisations that have been involved with the
development of messaging standards; many that are still in use today. These
originate from EDIFACT in the 1970s through to organisations such as HL7 that
continue to play a major role in the development and oversight of messaging
standards within the laboratory and general healthcare sector. This section will
briefly discuss these.

EDIFACT
As mentioned earlier, EDIFACT was the first standard for Electronic Data

Interchange (EDI). In 1960 the United Nations identified a need for such a
standard to facilitate the electronic interchange of information among businesses.
This resulted in the establishment of a working party (WP.4); which subsequently
published the first EDI standard in 1975.

ASTM
In 1970, the American Society for Testing and Materials (ASTM) identified a need

for a committee with responsibility for development of medical information
standards, (Hammond and Cimino, 2000). So that same year the E31 committee
was formed. It was responsible for the development of laboratory messaging
standards until 2001, when responsibility was transferred to the National
Committee on Clinical Laboratory Standards (NCCLS); which later changed its
name to the Clinical Laboratory and Standards Institute (CLSI) in January 2005
(CLSI, 2010a). This committee continues to work on health informatics standards,
with a focus on issues such as privacy, security and the electronic health record,
(NCCLS, 2004).



CEN TC 251
CEN (Comité Européen de Normalisation / ‘European Committee for

Standardization’) established the Technical Committee 251 (TC 251) with
responsibility for health informatics in 1990 (Klein, 2002). Its directive was “to
develop standards that enable compatibility and interoperability between
independent systems in healthcare” (Huff, 1998). Its primary function is to
“facilitate a European market for products and services” by establishment of
agreed European standards, so to eliminate any differing national standards that
may exist, (Klein, 2002). TC 251 Working Group 4 is responsible for health
informatics issues affecting medical devices. It developed the specification that
became the ISO 18812 standard that provides a framework, based on message
profiles, for the development of ASTM E1394-97 interfaces. This specification will

be reviewed in more detail in section 3.3.

CEN TC140
This committee has primary responsibility for the development of ‘In Vitro

Diagnostic’ (IVD) medical devices and quality management within the medical
laboratory. As such it manages the quality standards associated with laboratory
analysers; primarily standards that fall under the European IVD directive
(CENELEC, 2010).

ISO TC215
ISO (International Standards Organisation) established the Technical Committee

215 (TC 215) in 1998, (ISO, 2010e). It too has responsibility for the development
of standards to enable compatibility and interoperability between systems in a
healthcare environment. It has published a number of standards pertaining to
electronic health records and communication/messaging between systems in the

health domain.

ISO TC212
ISO established TC 212 in 1994, prior to TC 251, (ISO, 2010d). It has

responsibility for the development of standards and guidelines pertaining to the
field of laboratory medicine and in vitro diagnostic test systems. Because of their
area of responsibility, the CLSI (formerly NCCLS) have worked closely with TC
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212 on a number of laboratory related standards. During the course of this
research it was found that responsibility for ISO 18812 seemed to fall between the
two committees (TC 212 and TC 215). This may be as a result of the more
dominant role held by TC 212, with regards to laboratory standards development.
This would account for the fact that there has been no revision of the standard

since its publication in 2003.

HL7
Health Level Seven (HL7) refers to both a family of health messaging standards

and the organisation that developed them (HL7, 2010). The HL7 organisation was
founded in 1987. It developed the HL7 protocol which has since become an
international standard for the exchange of electronic data between healthcare
applications (Coiera, 2003). As the name suggests, the protocol operates at the
seventh (application) layer of the Open Systems Interconnection (OSI) reference
model and is concerned only with the information being passed between the
applications. It doesn’t define how the message is transmitted between healthcare
systems; this is left to other transport protocols, such as TCP/IP, that operate at

lower levels of the OSI reference model.

The first version of the protocol (version 1.0) was released in March 1987 (Huff,
1998),. Version 2.0 of HL7 was released the following year in 1988, with the
protocol being extended to include the reporting of treatment and tests along with
order exchanges; which was based closely on the ASTM E1238" standard
(Benson, 2010). It wasn’t till 1991 when version 2.1 of the standard was released
that it began to gain widespread acceptability and use. Version 3.0 of the
standard was subsequently published in 2007, (HL7, 2007); as shown in figure 1.

* It should be noted that the ASTM E1238 standard was approved on Aug. 10, 1997. However it was not
published until March 1998.



First EDI Standard

(1975)
L h 4
HLT v1.0 Gl S LIS5-A
e ASTM E1238-91 o
ASTM E1238-97
k ¢ h
HLT v2.0 ASTM E1394-91 ASTM E1381-91
1988 ASTM E1304-97 ASTM E1281-65
fL=th . ASTM E1381-02
4 k b
HLT va.0 LIS2-A (2003) LIS1-A (2003)
(2007) LIS2-A2 (2004) LIS1-A2 (2008)

Figure 1 - Evolution of the ASTM and HL7 Messaging Standards

1.4.2 The Evolution of Laboratory Messaging

Central to successful operation of any laboratory is the Laboratory Information
System (LIS).
are required of it.

It performs both the analytical and peri-analytical processes that
‘Peri-analytical’ processes “includes both preanalytical
processes, such as the processing of physicians’ orders and specimen
accessioning, and postanalytical processes, such as result verification and report
generation” (Young, 2000). It also manages the transfer of patient information and
test orders to analysers/data management systems, while retrieving and storing

results from them.
The key devices that communicate with the LIS are:
e Analytical Instruments (Als) — These are analytical devices that are

located in the central laboratory. Their functionality varies depending on

functional, operational and other requirements. While they are most often



to be found in the areas with the highest volume of tests, such as chemistry
and haematology, they are generally used in all areas of the clinical
laboratory (Selmyer and Cloutier, 1996). The test orders are usually
transported from the LIS to Als in the form of electronic messages. The
operator usually loads a number of bar-coded specimens into a tray, which
in turn is loaded into the analyser. The Al will then automatically identify the
specimen by the barcode and perform the required test(s). It may request
additional patient information and will subsequently send the test resuli(s)
for the given specimen(s) back to the LIS.

Data Management System (DMS) (sometimes also called a host system)
— This is a system that manages one or more analytical instruments or
POCT devices. As part of its role, it will manage all aspects of
communication that are required between the LIS and analysers under its

control.

Patient Information System (PAS) — also referred to as the Hospital
Information System (HIS), this holds both the demographics and
administrative information pertaining to patients. In some instances it also
holds the central electronic patient record. Information may be passed
between the systems for the purpose of:

o Obtaining patient information pertaining to laboratory orders or

laboratory results, such as a medical record number.
o Updating the patient’s electronic health record with laboratory results

Point of Care (POCT) Devices — which are analytical instruments
positioned outside of the central laboratory that normally carry out only a
limited number of specific tests; such as a blood-gas analyser. They are
usually handheld or small bench units and they may communicate directly
with the LIS, but are usually managed and transmit results back via a DMS.
They are highly effective in Critical Care Medicine (CCM) where they are
“advantageous, by decreasing Therapeutic Turnaround Time, number of
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errors, and by reduction of blood-volume lost for analyses. Though not
much evidence exists to prove beneficial effects with respect to early
diagnostic accuracy, decrease in length of stay in Intensive Care Unit (ICU),
reduced costs, or decreased morbidity or mortality, clinicians in general
agree that POCT technology is a prerequisite for early recognition of life-
threatening conditions, and for titration of commonly applied therapies”,
(Drenck, 2001).

The evolution of the Laboratory Information System (LIS) gives an interesting
insight into the evolution of health ICT and of the associated standardisation over
the last four decades. During this time, the LIS has been central to enabling
laboratory automation. According to Lincoln, (Lincoln, 1987), this is driven by the
need to:

e Increase the speed of testing (i.e. reduction in time required for testing)
e Reduce costs (i.e. primarily labour time/costs)
e Increase the accuracy of testing

¢ Increase the productivity of diagnostic testing

Laboratory Information Systems were first introduced in laboratories during the
early 1970s as part of this process (Sarkozi, Simson and Ramanathan, 2003).
These were usually large mainframe or minicomputer systems that often required
a massive capital investment to procure, install and commission. They also
required specialised knowledge to operate them, where individual instructions had
often to be issued by an operator in order to perform the simplest of tasks. This
could be both a difficult and cumbersome task, which often required lines of
programming/code to enable the processing of a single test. As a result these
devices were often inaccessible to a large proportion of laboratory staff.

Until the introduction of communications interfaces for analytical instruments, most
laboratory results were manually transcribed. However with the advent of

unidirectional interfaces between the LIS and Analytical Instruments, it became
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possible for laboratory results to be uploaded and recorded electronically
(Streitberg et al, 2009).

Heterogeneity was an issue with these early systems. Most communication was
proprietary, with vendors only facilitating communication between their own
systems, using their own protocols; such as IBM’s Systems Network Architecture
(SNA), (Zatti and Janson, 1988). Mainframe or minicomputer systems would use
a standardised serial connection(s) to link the system to the user terminal(s) or
analyser(s) within the laboratory environment (Kataoka, 2010). However, vendors
tended to use their own variations on the implementation of this standard with (for
instance) non-standard physical connectors. This obviously meant that each
implementation could differ with such differences (Huff, 1998).

To further complicate the situation, it was often the case that more than one LIS
would be employed within a single laboratory, as some departments had a
dedicated LIS for each function/area. These separate computer systems would
often be developed in different languages, using different hardware, different
operating systems and interfaces. This resulted in expensive and unnecessary
heterogeneity. This heterogeneity was not confined to the laboratory. Many other

systems throughout the healthcare environment had limited or no interoperability.

The United Nations were one of the first to address problems surrounding data
exchange. In 1960 they set up a ‘Working Party’ (WP.4) to look at the
development of a set of international rules for exchange of information around
businesses. This culminated in the publication of the first EDI (Electronic Data
Interchange) standard in 1975 by the Transport Data Coordinating Committee
(Salminen, 1995); see Appendix A - Laboratory Standards - Organisations &

Standards Timeline.
By 1978, the International Organisation for Standardisation (ISO) created a

subcommittee SC16 with responsibility for “Open Systems Interconnection” (OSl);

with the term “open” referring to the ability of any system conforming to OSI
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standards being able to communicate with any other conforming network, (Day
and Zimmermann, 1983). This was closely followed by the arrival of the
microcomputer in the 1980s, which brought about powerful and inexpensive
computing (Moravec, 1998).

This exponential growth in computing further drove the need for standardisation of
messaging between applications. By 1983, Day and Zimmerman proposed the
Open Systems Interconnection (OSI) model (Day and Zimmermann, 1983) which
was published as an international standard the following year, (ISO, 1984). This
offered a framework to support computer interoperability.

The arrival of Microsoft Windows in 1983 (Microsoft Corporation, 2010) meant that
computers were becoming much easier to use (Rai University, 2010). Users
would no longer require the technical expertise associated with complex command
driven systems. Also the increasingly powerful and cost effective format of the
desktop PC now made it possible to develop more powerful computing solutions
throughout different areas of laboratories, thus expanding laboratory automation

even further.

Four years after the OSI reference model was published, the American Society for
Testing and Materials (ASTM) published the E1238-88 standard in May 1988,
(McDonald and Hripcsak, 1992); which “became a basis for HL7’s message
formats through agreements between ASTM and HL7”, (AACC, 2010). It was “the
first balloted standard in the area of medical information exchange” and it
addressed the issue of “transferring clinical observations between independent
computer systems”, (Huff, 1998).

That same year the HL7 (Health Level Seven) organisation was formed to develop
a set of protocols to support messaging in the healthcare sector; with the
publication of the first version of HL7 in 1988 (Huff, 1998), followed by its second
revision the following year. Since then, both standards have gone through a

number of iterations in the intervening years; as described in figure 1.
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By 1991 the need to have a standardised messaging format over the point-to-point
serial connections employed in laboratories was addressed by ASTM with the
publication of E1381-91 and E1394-91 (Blick, 2001). E1381-91 operated at the
transport level of the OSI model (Nova Biomedical, 2003), while E1394-91
operated at the higher level, (Hawker and Schlank, 2000). These two
complimentary standards worked together to facilitate the communication of the
LIS to the laboratory analysers. These were based upon the previously published
E1238-88 standard, (AACC, 2010).

Thus by the 1990s more powerful LIS applications were becoming the norm, as
computing power increased exponentially and computing costs decreased in a
similar manner. This further aided the move of laboratories towards a totally
automated solution. Interoperability between the LIS, Analytical Instruments (Als)
and other hospital systems, such as the Patient Administration Systems (PAS)
was now becoming a reality. Hospitals were now gradually moving towards an all-

encompassing ‘Electronic Health Record’.

Over the last 10 years interoperability has increased to allow laboratory results to
be electronically messaged to GPs in a primary care setting and subsequently to
be fully integrated into their clinical systems. This originated within the former
Health Boards, where extranet services were developed and agreed with Trusted
Third Parties (TTPs). In the last couple of years there has been a concerted effort
to move this to a more national level with the advent of Healthlink as the perceived

national messaging portal for GP messaging (Healthlink, 2010).

1.5 Conclusion
This chapter has provided a general description of the SDOs involved in

messaging standards development and how these standards have evolved.
Before embarking on a description of the ASTM E1394-97 and ISO 18812
standards in chapter 3, we are going to briefly look at what necessitates such

messaging standards in chapter 2.
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Chapter 2 The Need for Messaging Standards

2.1 The Need for Messaging Standards
In order to fully understand a standard it is important to understand the context in

which it has been introduced. As outlined in chapter 1, many organisations have
been involved in the development of health messaging; that date back as far as
the 1960s. This chapter will examine what have been the driving factors, issues
and relationships between these organisations and standards.

As far back as 1996, the NCCLS (National Committee on Clinical Laboratory
Standards), as outlined by Hawker, (Hawker and Schlank, 2000), indicated that
messaging standards were required to:

e Help reduce the costs to manufacturers, implementers and customers.
e Ensure integrity/quality of information being passed between systems.

e Facilitate ‘plug and play’ functionality between systems.

However, Benson (Benson, 1998) has highlighted the fact that standards
documents are often so complex and ambiguous that they look expensive to
implement. Therefore they don’t seem to offer a reduction in interfacing costs. He
also indicated that to make these standards workable that they “should stop
developing mega-messages that aim to do all things for all men”, (Benson, 1998)
and rather develop standards that were relevant to a specific context or task.

Frassica (Frassica, 2004) identified other issues pertaining to a core set of
evolving standards, namely HL7 v2.x. He outlined how system vendors would
build communication engines to a specific version of the standard. Once this initial
development was complete, they were slow to subsequently update these
interfaces, as newer versions of the same standard(s) were published and
implemented by other vendors. Subsequently, as a result of versioning of the
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standard, it was often found that different systems that were both compliant with a
given standard could have incompatibility/inoperability issues.

It has been mentioned in the previous chapter that in April 1991 the ASTM
developed two messaging standards for electronic messaging between Als and
LIS systems, E1381-91 and E1394-91 (Kataoka, 2010). The E1394 standard went
on to become (in the authors opinion) one of the most successful health
messaging standards ever developed and is still widely in use today. ASTM were
also the first to publish a consensus based messaging standard, E1238, that
facilitated the transfer of clinical information between independent computers
(Huff, 1998).

However, by the late 1990s, there were concerns about the inability of the E1381
and E1394 standards to meet the growing requirements of laboratory automation
systems. This ultimately resulted in both the CLSI (Hawker, 2007) and the
Japanese Ministry research project (Kimura et al, 1998) developing new standards
to supersede them, the AUTO5 and MML/Merit-9 standards, respectively.

Despite the success of ASTM E1394-97, CEN TC251 identified issues pertaining
to the high degree of flexibility the standard afforded (Hayes, 2010). The purpose
and meaning of a number of data fields were open to interpretation and this could
lead to inconsistencies in the application of the standard. Therefore the quality of
interfaces and ultimately their operability could be significantly diminished. They
proposed the development of the CALM (Clinical Analyser interfaces to Laboratory
inforMation systems) standard. This was to be a supplementary modification of
the original standard to incorporate profiles. These profiles would outline the fields
and their appropriate use for particular tests/purposes. Initially this reached a
European pre-standard level, (CEN, 1999). Subsequently in 2003 it was
progressed to the European ISO Standard 18812 (EN ISO, 2003).

Recently a high demand for real-time near patient testing has resulted in an

increase in the use of POCT (Point Of Care Testing) devices throughout primary
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and acute care environments. In the past, many of these standalone devices
could not be interfaced with any DMS or LIS. However demands for laboratories
to oversee these devices from a quality management perspective, such as for
compliance with ISO 2870:2006 (ISO, 2006), has resulted in a need for these
devices to be interfaced to a DMS, LIS or both. Again messaging standards such
as ISO 11073-90101 (ISO, 2008) have been critical to ensuring this happens in a
standardised fashion that ensures quality, reliability and security of all information
been passed between the POCT and LIS/DMS.

Finally, Gurguilo commented that "standards are only meaningful if implemented in

a consistent and correct way" (Garguilo et al, 2007).

This research hopes to identify the properties of messaging standards that ensure
that they are applied consistently and correctly by vendors; to ensure both patient
safety and enhance interoperability between systems. In preparation for a detailed
description of the results of the investigation in chapter 5, the next chapter will
provide an overview of ASTM1394-97 and 1SO18812.

2.2 Conclusion

This chapter has:

e |dentified the driving forces behind standards.

e Highlighted issues such as complexity and ambiguity.

e Highlighted issues pertaining to versioning of standards.

e Identified the need for standards to change as the messaging needs

change.
Chapter 3 provides an overview of both the ASTM 1394-97 and ISO 18812

standards as background and to help our understanding of the findings and

analysis that follow in chapter 4.
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Chapter 3 ASTM E1394-97 and ISO 18812 Standards

As the ASTM 1394 standard and the I1SO profiles in ISO18812 are not likely to be
required reading for health informations, it is necessary to provide a background
for the work of this project, by describing these two specifications. This chapter will
discuss the two standards in order to provide a foundation for the reader. This is
to support the findings and analysis that are outlined in chapter 4.

The chapter will begin by discussing the hierarchical message structure of ASTM
E1394-97 and the record types that are permitted at each level. Then it will
proceed to define the record types and the fields held within them. This is followed
in the second half of the chapter by the discussion of the ISO 18812 standard in
terms of its message identifiers and profiles, along with attribute optionality and

allowed values.

3.1 ASTM E1394-97 Hierarchical Structure

The ASTM E1394-97 standard defines a hierarchical structure within which
records of various types are placed. This is the same structure that was employed
in an earlier standard by ASTM, namely E1238 (ASTM, 1998a).

It defines a “positional convention”, (ASTM, 1998b), where records positioned

higher in the structure relate to all those beneath them. There are five levels
associated with this structure, ‘level 0’ to ‘level 4°.
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3.1.1 Level 0
Records at ‘level 0’, the highest level within the structure encapsulate the

message, defining the start and finish of each message. Only two records exist at

this level:

Message Header Record

The message header record defines the delimiters to be used throughout
the record, the way in which the message is to be processed and
information pertaining to both the sender and recipient of the message. The
defined fields of the header record are numbered 7.1.1 (Record Type ID) to

7.1.14 (Date and Time of Message) inclusive.

Terminator Record

All messages must end with a terminator record. Where more than one
message is being transmitted, the first message will end with the terminator
record and follow immediately with a new header record for the beginning
of the second message. The terminator record field has three defined
fields that are numbered 13.1.1 (Record Type ID), 13.1.2 (Sequence
Number) and 13.1.3 (Termination Code).

3.1.2 Level 1
At the second level of the ASTM E1394-97 there are five record types that may

exist:

Patient Information Records

The patient information records give detailed information about each
patient, including demographical, medical and other information that clearly
identifies the patient and may impact on the interpretation of any
subsequent results. The defined fields within this record are numbered
8.1.1 (Record Type ID) to 8.1.35 (Dosage Category).

19



Request Information Records

The request information record, as the name suggests, is used to query
either the LIS/DMS or analytical instrument for information pertaining to
patient, specimen, test type or other manufacturer specific criteria. Its
defined fields are numbered 12.1.1 (Record Type ID) to 12.1.13 (Request

Information Status Codes).

Scientific Records

The scientific record is used for the exchange of test data, such as that
used for quality control messages. Its defined fields are numbered 14.1.1
(Record Type ID) to 14.1.21 (Patient Race).

Manufacturer Records

The manufacturer record allows a manufacturer to specify a custom record
type that can be used at any level beneath the message header record. It
is only to be used where the manufacturer requirements are not catered for
by any of the other record types. Any manufacturer record here will relate
to the message header. There are only two record fields defined within the
standards, namely 15.1.1 (Record Type ID) and 15.1.2 (Sequence

Number).

Comment Records

Comment records, in the same fashion as manufacturer records, can be
placed anywhere within a message. They always relate to the last non-
comment record that precedes them, which in this instance will be a
comment on the message header; as they cannot follow a message
terminator record. There are five fields defined for the comment record that
are numbered 11.1.1 (Record Type ID) to 15.1.5 (Comment Type).

20



3.1.3 Level 2
These are followed, at the third level by three record types which relate to either

the preceding patient or request information record:

Test Order Record

This record contains all the information pertaining to a particular order
request from the LIS. It usually relates to a single test on a single
specimen. However a single specimen may be subjected to more than one
test or a (test) battery. Such a battery will usually involve multiple tests
associated with the functionality of a single physiological system, such as a
‘Thyroid Function Test’ (TFT). In such cases, this may involve more than
one test being ordered for a single specimen. Placing multiple test
identifiers, separated by a repeat delimiter, in the ‘Universal Test ID’ field
allows for this to be dealt with in a single order record. If a test battery
requires multiple specimens, then the standard also accommodates this by
allowing multiple specimen identifiers to be placed in the specimen
identifier field, again separated by the repeat delimiter. The defined fields
for this record type are numbered 9.4.1 (Record Type ID) to 9.4.31

(Specimen Institution).

Manufacturer Record

Manufacturer defined record, as outlined previously. In this instance it will
usually relate to the preceding patient or query information record. As
before, there are only two record fields defined within the standards,
namely 15.1.1 (Record Type ID) and 15.1.2 (Sequence Number).

Comment Record

In this instance, the same as the manufacturer record, it will relate to the
previous patient or request information record. Again, there are five fields
defined for the comment record that are numbered 11.1.1 (Record Type ID)
to 15.1.5 (Comment Type).
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3.1.4 Level 3
Three record types can exist at the fourth level of the message:

Result Record

This is the most common fourth level record. It will only follow a preceding
third level test order record, to which it relates. As the name indicates, this
record contains information pertaining to an individual result. Even if a
single test order relates to multiple tests, each of the tests and their result
must be reported in individual result records. The defined fields for this
record are numbered 10.1.1 (Record Type ID) to 10.1.14 (Instrument
Identification)

Manufacturer Record

Manufacturer defined record, as outlined previously. In this instance it will
relate to the preceding test order record. As before, there are only two
record fields defined within the standards, namely 15.1.1 (Record Type ID)
and 15.1.2 (Sequence Number).

Comment Record
In this instance, the same as the manufacturer record, it will relate to the
previous test order record. Again, there are five fields defined for the
comment record that are numbered 11.1.1 (Record Type ID) to 15.1.5
(Comment Type).

3.1.5 Level 4
The final level within the hierarchy is the ‘level 4’. Only the comment or

manufacturer record types can exist at this level:

Manufacturer Record

Manufacturer defined record, as outlined previously. In this instance it will
relate to the preceding result record. As before, there are only two record
fields defined within the standards, namely 15.1.1 (Record Type ID) and
15.1.2 (Sequence Number).
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e Comment Record
In this instance, the same as the manufacturer record, it will relate to the
previous result record. Again, there are five fields defined for the comment
record that are numbered 11.1.1 (Record Type ID) to 15.1.5 (Comment

Type).

3.2 ASTM E1394-97 Record Types Defined

3.2.1 Message Header Message
This is the first record of any message and is at the top level of the message

hierarchy, as outlined above. All messages must start with this record and
eventually terminate using the ‘Message Terminator’ (discussed later); which is

also located at ‘level 0'.

The first field of the header, ‘Record Type ID’ (7.1.1), always contains ‘H’ as an
identifier. This is followed by the ‘Delimiter Definition’ (7.1.2) that details what

delimiters are to be used throughout the message.

A number of fields are associated with the transmission and receipt of the
message. Firstly, the ‘Message Control ID’ field (7.1.3) allows the recording of a
unigue identifier associated with that individual message transmission. Its purpose
was to support other messaging protocols that may utilise such an identifier in
order to ensure transmission of the message in a network environment. It should
be noted that this standard was developed to operate in a point-to-point
communication environment, such as across a serial RS232 interface, which
directly connected the analyser with the LIS. It was noted from the research that

almost 95% of analysers didn’t support the use of this field.

The ‘Access Password’ field (7.1.4) facilitates the transmission of a pre-agreed
password between the Al and LIS. When used, failure to message the correct

password would result in the transmission being aborted and the sender being
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notified of the security breach. Our research showed limited support for this field,

with only over 5% of implementations opting to support it.

The ‘Characteristics of Sender’ field (7.1.9) may also contain information essential
for the successful transmission of the message; such as details of the parity or
checksum of the message. The primary function of the ‘Receiver ID’ field (7.1.10)

is to ensure that only the intended recipient has receipt of the message.

There are three fields dealing with identifying the message sender. The ‘Sender
Name or ID’ field (7.1.5) identifies the transmitter of the message. This usually
includes such details as the system/instrument name, firmware and/or software
version. The location and telephone number of the sender are held in the ‘Sender
Street Address’ (7.1.6) and ‘Sender Telephone Number’ (7.1.8), respectively.

The Processing ID (7.1.12) field outlines four identifiers that indicate the message
type and how it is to be processed; Production (P), Training (T), Debugging (D)
and Quality Control (Q). Only the ‘Production’ type messages are to be processed
in the normal manner. The others are to be handled in line with their specific

purpose.

The ‘Version No’ (7.1.13) is to be used to show what version of the ASTM
standard was employed in the interface (e.g. ASTM E1394-97).

Finally, the creation date and time of the message is recorded in the ‘Date and
Time of Message’ field (7.1.14). This must conform to either the ANSI X3.30 or
ANSI X8.43 standards. Under these standards, all date/times must be recorded as

follows:

e ANSI X3.30 — Year, Month, Date — YYYYMMDD
e ANSI X3.43 — Year, Month, Date, Hour, Minute, Second -
YYYYMMDDHHMMSS
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3.2.2 Patient Information Record
This record commences with the value ‘P’ being placed in the first field of the

record, ‘Record Type’ (8.1.1). The second field ‘Sequence Number (8.1.2),
commencing at ‘1’, contains an incremental number that increases with each

instance of a patient information record within the given message.

Next there are three fields that may be used to handle patient identity within this
record. The ‘Practice Assigned Patient ID’ (8.1.3) and ‘Laboratory Assigned
Patient ID’ (8.1.4) refer to identifiers for the given patient assigned by either the
practice or the laboratory, respectively. The ‘Patient ID No. 3’ (8.1.5) is available
to place any other unique identifier(s) for the patient, such as a Public Private
Social Number (PPSN).

The ‘Patient Name’ (8.1.6) field can be used to record the patient’'s name in the
format of last name, first name, middle name or initial, suffix and title; divided by a
component delimiter. The ‘Mother’s Maiden Name’ (8.1.7), may also be used to
help identify the patient; particularly where more than one patient may have the
same name and date of birth. If used, this field will only contain a surname.

The patient’s date of birth is recorded in the ‘Birthdate’ field (8.1.8). This must
comply with the ANSI X3.30 format (YYYYMMDD), as used with date formatting
elsewhere throughout the message. The standard goes on to define three
acceptable values for the ‘Patient Sex’ field (8.1.9); namely ‘M’ (Male), ‘F’ (Female)
or ‘U’ (Unknown).

The patient’s ethnical origin(s) may be recorded (in the ‘Patient Race — Ethnic
Origin’ field (8.1.10)) and more than one origin may be defined. This can take the
form of either a code such as ‘W’ or as a full text value such as ‘Native American’.
If more than one race is to be recorded, they must be separated by the use of

component delimiters.
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The ‘Patient Address’ field (8.1.11) comprises of five component fields that each
defines a specific element of the address; namely street, city, state/county, zip and
country. These elements must be separated by the use of component delimiters
and are position dependent. The patient’'s phone number and additional
supporting information may be recorded in the ‘Patient Telephone Number’
(8.1.13) field; which is a free text field. Multiple numbers can be recorded if

required with repeat delimiters separating them.

The ‘Attending Physician ID’ field (8.1.14) is used to identify any attending
physician(s) using a code, name or both (which must be separated using
component delimiters). Where more than one physician is to be recorded, repeat
delimiters must be used to separate their details.

The patient’s height and weight can be recorded in 8.1.17 and 8.1.18, respectively.
These are both numeric fields. The default units are centimetres for height and
kilograms for weight. If different units are applicable, then an abbreviation for
them must be placed in the second component of the respective field. The
abbreviation must also conform to the ISO 2955 standard in both cases.

Next a diagnosis may be entered against the patient in 8.1.19 (‘Patient’s Known or
Suspected Diagnosis’). This should take the form of an ICD-9 code or a free text
value. If there is more than one diagnosis applicable, they should be separated by
the use of repeat delimiters.

Details of a patient’s medications or diet, that may influence the interpretation of a
result(s) can be recorded in the ‘Patient's Active Medications’ (8.1.20) and
Patient’s Diet (8.1.21) fields, respectively. The dosage group of the patient may
also be recorded in the Dosage Category (8.1.35).

Any information that needs to be messaged back in the results, by the practice,

can do so by being placed in either 8.1.22 (Practice Field No. 1) or 8.1.23
(Practice Field No. 2).
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The admission and discharge dates of the patient may be recorded in 8.1.24.
Again these dates must comply with the ANSI X3.30 format (YYYYMMDD) format.
If both dates are to be messaged then the admission date is placed in the first
component, followed by the discharge dates; separated by component delimiters.

The patient’s ‘Admission Status’ and can also be recorded in 8.1.25 and 8.1.26,
respectively. There are five abbreviations listed for ‘admission status’, which are
OP (outpatient), PA (pre-admit), IP (in-patient) and ER (emergency room). Other
pre-agreed codes, between the sender and receiver, may also be used. The
‘location’ (8.1.26) generally refers to the patient’s location within the clinic/hospital,

such as their ward or bed.

An alternative diagnostic code and classification may be entered in 8.1.28. If
used, the class of the code or classifier should be entered in 8.1.27.

The ‘Patient Religion’ field (8.1.29) supports the messaging of the patient’s religion
in the format of a code, abbreviation or name as pre-agreed with both parties prior
to the message transmission. Their marital status may also be recorded in 8.1.30,
but must have a value which is either ‘M’ (married), ‘S’ (single), ‘D’ (divorced), ‘W’

(widowed) or ‘A’ (separated).

Any precautions that need to be taken with regards a member of staff or the
patient can be listed in ‘Isolation Status’ (8.1.31); which may be coded or free text

value(s).

The patient’s language may be recorded in 8.1.32 (‘Language’), which may be
invaluable when it differs from the principle/spoken language of the location.

The patient’s assigned hospital service and institution may be recorded in 8.1.33

and 8.1.34 respectively. These can be a coded and/or full text values. If both are
used they must separated using a component delimiter.
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3.2.3 Test Order Record
The ‘Record Type ID’ (9.4.1) will contain ‘O’, signifying a test order record. This is

followed by the ‘Sequence Number’ field (9.4.2), which will contain a sequential
number, commencing at ‘1’; which will increment for every instance of a test order

for the given patient.

The Sequence Number is followed by two fields associated with identifiers for the
specimen; ‘Specimen ID’ (9.4.3) and ‘Instrument Specimen ID’ (9.4.4). The
‘Specimen ID’ is the unique sample identifier assigned by the LIS/system which is
to be returned by the instrument. Further identifying components, such as the well
or cup number, may follow this identifier; separated by component delimiters.

The ‘Instrument Specimen ID’ is an identifier assigned by the Al, if different from
the computer assigned identifier in 9.4.3, which is returned with results. This can
be used as a reference to the sample in queries and results.

The ‘Universal Test ID’ field (9.4.5) is used to define a test or battery that is
performed on the given specimen. |t comprises of four components that are
position dependent:

Universal Test ID (9.4.5.1) — this is reserved for the use of a universal test

identifier, which is currently not used.

e Universal Test ID Name (9.4.5.2) — This would be the name of the test
identified in 9.4.5.1.

e Universal Test ID Type (9.4.5.3) — This would identify what coding scheme
was used by the first two identifiers (in 9.4.5.1 and 9.4.5.2).

e Manufacturer or Local Code (9.4.5.4) — This identifier is coded by the

manufacturer. Additional components may be added to further define the

elements of the test or specimen location that is being tested.

There are five possible priority status flags which can be used in the ‘Priority’ field
(9.4.6). These are ‘S’ (stat), ‘A’ (as soon as possible), ‘R’ (routine), ‘C’ (call-back)
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and ‘P’ (preoperative). If more than one flag is to be used, then repeat delimiters
must be used to separate the flags.

A number of date and time fields exist in the test order record, which are used to
track the progress of a specimen from order placement to final result(s) reporting.
These commence with the ‘Requested/Ordered Date and Time’ field (9.4.7). It
represents the date and time at which the order is considered to be placed and
may be at a future point in time to the actual message. All priorities, as set out in
9.4.6, should be considered in terms of this timestamp.

The actual time that the specimen is obtained is placed in 9.4.8 (‘Specimen
Collection Date and Time’). In the case of a timed specimen collection, the
‘Collection End Time’ (9.4.9) gives the date and time such a collection would have
ceased. The ‘Date/Time Specimen Received’ field (9.4.15) can be used to record
the date and time the specimen was logged into the laboratory; this is the time
against which laboratory turnaround times may be gauged.

The ‘Date/Time Results Reported or Last Modified’ field (9.4.23), as the name
suggests, is the date and time when:

e The initial results are reported
e A modification to the results is reported

e The status of either the report types (in 9.4.26) or status of the result (in
10.1.9) is reported or has changed

All the date and time fields mentioned above must conform to the ANSI X3.43
format (YYYYMMDDHHMMSS).

There are two more fields related to collections. The ‘Collection Volume’ field
(9.4.10) records the total volume of specimens associated with a bulk collection.
The default for this field is millilitres. If an alternate measurement unit is to be
used, an abbreviation of the unit of measurement must be placed in the second
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component of this field (9.4.10.2) and it must conform to the ISO 2955
abbreviations for measurement. An identifier for the collector of the specimen(s)

can also be recorded in the ‘Collector ID’ field (9.1.11).

The ‘Action Code’ field (9.4.12) outlines a course of action with regards the
specimens of the current order or those preceding it. The valid values for this field
are C,A,N, P, L, Xand Q.

Any potential hazards that a specimen may pose can be highlighted in the ‘Danger
Code’ field (9.4.13). This can be the name of a test or a code associated with the

danger.

Any clinical information that may have a bearing on the interpretation of the
specimen results can be placed in the ‘Relevant Clinical Information’ field (9.4.14).
The type and source of the specimen may also be recorded in the ‘Specimen
Type’ (9.4.16.1) and ‘Specimen Source’ (9.4.16.2) fields, respectively; these are
separated by component delimiters.

The ‘Ordering Physician’ field (9.4.17) contains details of the physician or
healthcare worker who placed the order. This may be in the form of a unique
code/identifier or the name of the person concerned. If both a code and name are
messaged, then the code is placed in the first component (9.4.17.1) and separated
from the name in the preceding components. There is also a specific order to how
the name is messages, which is last name, first name, middle name or initial, suffix
and title. If a developer wishes to construct a message containing more than one
identifier, these identifiers must be separated by repeat delimiters.

A contact telephone number(s) may be placed in the ‘Physician’s Telephone
Number’ (9.4.18) field. Specific information pertaining to the phone number or
contact details can also be placed in this field. If required, multiple numbers can
be recorded in this field, with repeat delimiters separating them.
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Fields 9.4.19 and 9.4.20 are user fields that are available for requesters to insert
text formatted messages. Subsequently, the sender can forward back the original
message with any comments that they want to add.

The two laboratory fields that follow (9.4.21 and 9.4.22) are available to be used
for any purpose by the laboratory.

A billing cost associated with the test(s) carried out by the Al can be sent to the
LIS in the ‘Instrument Charge to Computer System’ (9.4.24) field. This can be in
the form of either a specific cost or cost code for test(s) associated with the test
order.

The ‘Instrument Section ID’ (9.4.25) can be used to identify what section of what

instrument carried out the test; which may be useful for auditing purposes.

There are only seven codes that can be placed in the ‘Report Type’ field (9.4.26),

namely:

¢ O - indicates that the message is an order for the given tests, being placed
by the user

e (C - indicates that the message is an update, giving a correction of
previously transmitted results

e P —indicates that the results issued are only preliminary

¢ F —indicates that the results indicated are ‘Final’

e X — indicates that the Al cannot perform the order and that the order is
therefore cancelled

e | —indicates that the order is in the Al pending completion

e Y — indicates that there is no order on record for this test (in response to
query)

e Z —indicates that there is no order for a given patient (in response to query)

e Q - indicates that this message is a response to a request-information
query message
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If the specimen is collected from a different ward from where the patient resides,
then the specimen’s location can be recorded in the ‘Location or Ward of
Specimen Collection’ field (9.4.28).

If the service responsible for the specimen collection from the patient differs from
the service assigned to the patient (in 8.1.33), then it may be recorded in the
‘Specimen Service’ field (9.4.30). Also if the specimen was collected in a different
hospital to the patient assigned hospital (in 8.1.34), then this can be recorded in

the ‘Specimen Institution’ (9.4.31).

Finally the ‘Nosocomial Infection Flag’ field (9.4.29) is used to highlight whether an
identified organism had originated from a hospital acquired nosocomial infection.

3.2.4 Result Record
The result record commences with ‘R’ being placed in the first field (Record Type

ID, 10.1.1). This is followed by the ‘Sequence Number’ field (10.1.2), which will
contain a sequential number, commencing at ‘1. This will increment for every
instance of a result record for a given test order. Once a record of at a higher level

occurs, in this instance a new test order, the number will be reset to ‘1°.

The third field of the result record is the ‘Universal Test ID’ (10.1.3). This is the
same type of identifier as used in the test order record (see 9.4.5) to identify the
test associated with the sample. In this instance it associates the particular test
with the result that follows it. As previously outlined, it consists of four components

which are position dependent:

e Universal Test ID (10.1.3.1) — this is reserved for the use of a universal test
identifier, which is currently not used.

e Universal Test ID Name (10.1.3.2) — This would be the name of the test
identified in 70.1.3.1.

e Universal Test ID Type (10.1.3.3) — This would identify what coding
scheme was used by the first two identifiers (in 70.7.3.1 and 10.1.3.2).
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e Manufacturer or Local Code (10.1.3.4) - This identifier is coded by the
manufacturer. Additional components may be added to further define the
elements of the test or specimen location that is being tested.

The ‘Data or Measurement Value’ field (10.1.4) records the actual test result. This
can be in a numeric, coded or text format, but must be recorded in ASCII text
notation. The standard states that in cases where the result contains “qualifying
elements of equal stature”, (ASTM, 1998b), then component delimiters must be
used to separate them. This is an example of an ambiguous statement that we
will discuss further in section 4.6. Where multiple values or results are to be
reported against a single test order, they must be reported individually in separate
result records. Therefore the test identifier (10.1.3) must be detailed enough to
ensure that each result can be clearly identified and associated with its
corresponding test.

The units associated with any numeric results (10.1.4) are reported in the ‘Units’
field (10.1.5). They must be in an abbreviated format that is compliant with ISO
2955. Any reference ranges associated with the results can be reported in the
‘Reference Ranges’ field (10.1.6), which will usually take the form of “lower limit to
upper limit”. Any text descriptions are separated from them using a component
delimiter. Where more than one reference range is being reported upon, they
must be separated by repeat delimiters.

The level of abnormality pertaining to the result may also be set using one of the
seven flags associated with the ‘Result Abnormal Flag’ field (10.1.7). The ‘Nature
of Abnormality Testing’ field (10.1.8) will denote, where used, the type of normal

testing undertaken. There are three values allowed:
e ‘A’ — Age based population

e ‘S’ — Sex based population

e ‘R’ — Race based population
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More than one value may be recorded, but they must be separated using repeat

delimiters.

The ‘Result Status’ field (10.1.9) has 12 allowable codes associated with it, which

are as follows:

P — Preliminary Results

S — Partial Results

F — Final Results

| — In instrument, results pending

M — This result is a MIC level

R — This result was previously transmitted

C — Correction of previously transmitted results

N — This result record contains necessary information to run a new order
Q — This result is a response to an outstanding query
X — Order cannot be done

V — Operator verified/approved result

W — Warning: Validity is questionable

The ‘Date of Change in Instrument Normative Values or Units’ field (10.1.10) will
contain no entry unless there has been a change in normals or units. If so, this
date must comply with the ANSI X3.30 or ANSI X3.43 standards.

An identifier associated with the person performing the test is recorded in the first
component of 10.1.11 (‘Operator ldentification). If used, the second component

identifies the person who verified the test.

The commencement and completion times associated with results reporting are
placed in the ‘Date/Time Test Started’ (10.1.12) and ‘Date/Time Test Completed’
(10.1.13) fields, respectively. The ‘Instrument identification’ field (10.1.14)

indicates what instrument or section of instrument performed the relevant test.
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3.2.5 Comment Record
The comment record is denoted by ‘C’ being placed in the ‘Record Type ID’ field

(11.1.1). As with previous sequence number fields, the ‘Sequence number’ field
(11.1.2) contains a sequential number than increments by one for each comment
record. Once a record of at a higher level occurs or another comment record that
is placed at a higher level is encountered, then this number will be reset to ‘1.

Three values (‘P’ - practice, ‘L’ — computer system and ‘I’ — clinical system
instrument) can be used in the ‘Comment Source’ (11.1.3) field. The ‘Comment
Text’ (11.1.4) field will usually contain text comments associated with the previous
higher level record. However, where codes or mnemonics are recorded, they

must precede the text and be separated from it using a component delimiter.

The ‘Comment Type’ (11.1.5) field can use one of the five types (G, T, P, N or I)
outlined in the standard or the vendor may choose to use a comment type of their
own that’s representative of the comment message type.

3.2.6 Request Information Record
The letter ‘Q’ is placed in the ‘Record Type ID’ field (12.1.1) to denote a request

information record. This is followed by the ‘Sequence Number’ field (12.1.2),

which is used to distinguish between the different requests in a given message.

Next is the ‘Starting Range ID Number’ (12.1.3) which has one or more identifiers
pertaining to the patient, specimen or test for which information is being sought. It
consists of three or more components where the first three components are
positional dependent. Queries are based on one or more of these components.
The first two components hold the system patient and LIS/system specimen
identifiers, respectively. The third and subsequent components are manufacturer
defined.

The value ‘ALL’ can be placed in the first component of this field. In this instance it

will be viewed depending on whether the LIS or the Al is sending the request. A
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LIS/system request will be inte