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Abstract

Focusing on people in healthcare delivery needbddacked up by streamlined flow of health
information at the point of care. Thus semanticarence of health information now becomes a
must rather than a mere option. Health IT is ndiviing what is expected. We argue that this is
in part due to the limitations in the communicatibetween clinicians and IT professionals

resulting from the inevitable “cultural” mismatchlhis paper explores new opportunities and

challenges from both business and technical petsecin the wake of Medicine 2.0 and presents
new directions in the domain of information architees and software development. openEHR
prescribes an innovative development methodologghmve propose will serve as an effective

means to tackle communication problems. It is exgéd that the road to success is paved by
innovation and openness (in a broader sense inctydipen standards, a cultural change and

appropriate roles for open source paradigm).

1. Introduction

Person centred care implies empowering patientgtagid environment in all steps of care delivefythe care is now
expected to take into consideration the very diiféraspects of individuals, then health IT shoukb aake into

consideration some new data, information and sgcrequirements. From an IT perspective this mehasa new user
class with significantly different requirements aesrinto play. The clinicians witblinical userroles will inevitably

have to perform substantial amountpefson userctions on behalf of their patients. In other wattts clinicians will

become proxies for the subjects of care and theiirenment, and act as a gateway to the healthrdeéacordingly,

from an IT development perspective, the clinicianib eventually take the role to define a considdeaamount of
functional requirements of applications which thelf use to gather and store clinical data.

Now overloaded with many health IT requirementgtipg clinicians into driver's seat is a necessitgt only must we
provide them with flexible and user friendly applions, but also address the many other IT req@ntésnsuch as
safety and interoperability. Mainstream softwargedepment methods all depend on a critical requinets collection

phase where practically domain knowledge is elicftem users. This is the phase where the costjaatity of any

software product is greatly affected [1]. Put siemphy HIS can only be as good as the clinicianstrgaution and the
ability for the clinical requirements to be actiy@ind effectively passed to the technical develagme

There is a practical limit of cognitive exchange the clinician-developer communications during iegments
collection. This is in part due to the essentiffidilties of human communication; but in healthedine depth, breadth
and complexity of the domain severely pull dowrs tlimnit.

2. Drivers for Innovation in Health IT

Currently most large scale health information systg€HIS) tend to be monolithic applications buittom the limited
set of requirements that were available at the tineoftware design. These systems had one abidaigre — a closed
system development mentality — which has led tdlea effect of systems deployment and an inabiliyadapt to
changing requirements. The missing and/or wrongiirements at the outset combined with rapid changeseafter
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due to high rate of change in medical knowledge@modesses result in “big ball of mud” systems \uhdce expensive
to maintain, difficult to integrate and marked withv user satisfaction [2].

From a business perspective the penetration afittithe healthcare market is not at the expecteal.|&he “provider”

centric market is already saturated and everyone & wait-and-see mode therefore avoiding big stwments. The
ultimate market is the large scale “patient” orrtfoounity” centred one, but many vendors and theinagards certainly
could not deliver. It is expected that health infation exchange will bring on the real benefitshelth IT and set
forth clear examples of return on investment tarmesses and the community [3,4].

The theory is that open environments, more spedlfithe effective use of open standards woulddaase the ability of
systems to better exchange information. Howevepeeg&nce has demonstrated that without sufficiestiyong

governance, standards end up replicating the issiuesn-standards compliant implementations. Intheare this can
be seen in the variations of HL7 v2 for example.

Currently there is an inherent semiotic dissonawitiein machine to machine communications in healtbcA lifelong,
longitudinal, secure and shared electronic healtord (EHR) for all is seen by many as the endblenext generation
eHealth systems. It is argued that while messagirgssential for interconnectivity, the EHR canhbetrealised by
simply collation of messages [5]. This is suppottgdhe adoption of new approaches by the 1SOenlB606 standard
very recently [6].

3. How to Engage End Users?

If the software requirements of HIS cannot be gaitheat the outset (due to the aforementioned ltroita), then a
straightforward approach would be to follow an a@mh in which the requirements can be later addetianlified
without going through the costly recoding and testphases again. This is why we need to put tha@c@ins
permanently into the whole software developmentgss and provide them with certain abilities ttotahe blueprint
of clinical information. This blueprint consists sfructure and semantics, dictated by some me#imavledge from
which the clinical information are captured andsited.

The openEHR two-level modelling formalism, whichadopted by both ISO and CEN, introduces stablereate
models (RM) which define generic and healthcarecifipeinformation elements, and Archetypes for mitidg the

semantics and structure of clinical information. [While the former is of concern to IT professianahe latter is
targeted to clinicians. By using this approach wafe development based on stable requirements oacequ
independently from volatile domain specific requients. This has the potential to generate mormlievelopment
which could lead to an initial greater capital costlevelopment, but at the same time leave systewsloped in this
manner more versatile and adaptable/extensiblereTisenot impediment, bar policy, to incorporatiogen source
software derived services into a commercially deldd application.

4. openEHR Two Level Modelling Approach

openEHR Archetypes are defined by a formal dompétific language called Archetype Definition LangegADL).
During modelling, relevant classes defined in tHd Bre used as building blocks to assemble meaningjfuical
concepts (such as blood pressure or a full radjotegort) by means of formal constraints using ADA good analogy
to understand how RM and Archetypes relate to @globr is to look at using standard LE&®ricks to build some
well-known structures (Figure 1).

RM consists of a small set of object oriented @aswhich depict generic characteristics of hea#tbords and
necessary information items to meet ethical, metiigal and provenance requirements. These carefulfyineered
classes can faithfully capture results of all mabentries; in other words it is guaranteed toestory type of current or
future data. RM also includes ability for versiagiaof medical transactions and managing changetsdtandle input
errors, simultaneous multi-user read/write accesshe record, provides necessary information ibfuasure for

confidentiality and security.

During modelling Archetypes constrain selected Ribses and form a computer processable modelpiigsible to
define labels, data structures, data types, pie=trivalue ranges and values for some of the comtitsibutes. In
addition to the implicit knowledge, Archetypes calso be linked to external terminology/ontology teyss and
bibliographic databases. By doing so, they compidrigee knowledge in medical terminologies (somé¢hia form of
comprehensive semantic nets like SNOMED CT) andlogtes by providing key knowledge such as binditogsther
knowledge sources, valid value ranges, existeramgir@ality and occurrence of terms, and also tim@rrelations (i.e.
mutual exclusivity or conditional existence). Thésisures complete and non-ambiguous expression wfido
knowledge by expert clinicians which is ready fonsumption in the technical development environment
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Figure 1l - Analogy totherelationship between RM and Archetypes

This methodology also provides the ability to taithe models to meet specific needs without breglanginal
semantics by a method called archetype specializakiere, modifications that would result in motecs constraints
than the original or additions are allowed [8].

A third component of the methodology is the openEF#plate, which assembles archetypes into largectares
like a screen form, document, report or message famther constrain them for local use. They magt &dther local
constraints on archetypes, including removing ondading optional sections, and may define defaailies.

5. The Hand-Over Paradigm

Any information system can be seen as a model alftyeput together in a computable form to delisgrecific
functions for which it is designed for. Its behawi@nd appearance, which define user experiencdepsted mainly
by the very knowledge as well as certain technehgfactors. This comprises both domain specifid sechnical
aspects; however assuming that the technical rigonot changing from one area to another, it ésttansformation of
domain specific knowledge that is the critical steich determines the quality of software. It isrem@ronounced in
complex areas such as healthcare where there &rledctultural mismatch between healthcare and IT professionals.
We can mention abouthand-ovet of knowledge, somehow bidirectional, during thmétial requirements elicitation
phase in any software development project. Clinigjawithout much idea about the technologic linotas or
possibilities, express their needs verbally ane@rofin writing. IT professionals on the other hamdthout much
background in biomedical and clinical sciencestdrgomprehend these requirements and at timesfegdback about
the technical or administrative aspects — suclithssican be done within given budget and timeline

It is extremely difficult to quantify but there listle doubt that thisiand-overis far from perfect and that there is room
for improvement. The openEHR two-level modellingais innovative approach which can potentially tadklis by
dramatically reducing the essential domain spekificwledge transfer between healthcare and IT psideals.

Archetypes can be authored by non-technical heaiéhprofessionals by using free and open sourc®redwith
intuitive and easy to use graphical user interfd€égure 2). This leads to user empowerment andidamce, instead
of alienation which typically happens and resulbhémn-acceptance of HIS.
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Figure 2 - Blood Pressure Archetype in the openEHR Ar chetype Editor

6. Why We Need Openness?

While the above approach looks promising in buidindividual applications, giving all that flexiity may seem to
violate many of the requirements for interoper&piliThis is exactly where openness comes into plag:
standardisation body, company or governmental agsncapable of defining one standard model farTHiis requires
a collaborative environment in which healthcarersissd technical people discuss and create indss&ngth open
standards and engineering specifications [9]. Tibigypically a community based effort where conitibns are
voluntary. An Open Source model used for core @dihtools and components may help in spreadingrtiodology
to a wider community and better adoption. Anothspezt often overlooked is the availability of thervice and
interface descriptions and the data itself. Thecstire and semantics of the data involved shoutd &le made
accessible. This is how we can achieve truly opestems (read interoperable!). However we do redlis¢ Open
Source model is based on an IT development maralademay not necessarily mitigate the issue of Clhn-

Developer communications; conversely, the cliniagpects of HIT delivery could benefit from the nuetblogies
employed by Open Source model.

7. Discussion and Conclusions

We have argued that getting most of the requiresnanthe outset during HIS development is hardthatithere is a
practical limit in communication when working witltomain experts which we defined as tand-overparadigm. We
then pointed out to a solution by engaging maingjgée clinicians, into the whole developmentdifele by allowing

them to manage volatile clinical concepts and pses without depending on technical people. Expegidias shown
that developing clinical models in the form of atjpes using high level visual tools proved to traightforward and
understandable by even the non IT skilled clinisifpersonal experience].

Incomplete or wrong requirements dueéhtmd-overare not the only problems during requirementstation; one must
also tackle unknown and changing requirements dutile whole development lifecycle. openEHR two-leve
modelling approach also provides the means to atifiwvare without going through the costly redesigmding and
testing phases. Software can be driven in themenby the underlying domain knowledge in the fofmAichetypes.

The importance of an open collaborative environmant open systems has been emphasized in ordetonot
compromise interoperability. Introduced by the dpdR Foundation [10] and now adopted by ISO and Cthd,
innovative two level modelling and development noeliblogy is now attracting considerable interestti#essuccess of

22



the approach largely depends on the quality ofer@nnodels produced by the collaboration of mampeets from over
70 countries, the governance of the organisatimerig important and now presents itself as a bajlehge.

Just defining standards is useless without enfoecénThis is why we see the proliferation of “stards” rather than
harmonisation and convergence. Now the big quesditiow to attract vendors to this equation andtera sustainable
business ecosystem. It is envisaged that, in th@ealiig world of “interconnected” health IT, a dige set of services
and products will symbiotically coexist on the sbisis of openness.

Having a good track record in health IT, New Zedlatso has active policies and initiatives towarpgen systems. It is
not unrealistic to expect a giant leap forward & wan leverage the high level of involvement ohiclans with
computer based systems and years of experiencettiggthem into the “driver’s seat”.
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