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Patterns: a simple but expressive data modelling formalism

Abstract: The creation of a clinical application requires models that describe
the structure of data in a way that can be displayed, exchanged and stored. A
number of approaches for this have been proposed and are in widespread use.
However, these are often complex and/or have shortcomings in the breadth of
data that they are able to represent. The annotations facility provided by many
computer languages could be used to include information shaping the
development and run-time behaviour of a clinical application. If this were
comprehensive, then annotations alone would be sufficient for conceptual
modelling. A model for representing such annotations is presented and some
examples shown and discussed. The paper concludes that such a formalism is
simple to use while developing semantic concepts but is capable of
representing information from many models simultaneously. It is well suited to
the needs of clinical teams seeking consensus on the structure of records.

Keywords: database design; data models; conceptual modelling; electronic
healthcare records; EHR structure; semantic interoperability; archetypes;
annotations; model-driven development; MDD.
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1 Introduction

Although the creation of a clinical application is a significant engineering effort, much of
this is not spent in the technical rendering of a mature clinical understanding into a
computable form but instead on eliciting such an understanding in the first place.
Successive European Electronic Healthcare Records (EHR) projects starting with the
Good European Healthcare Record (Lloyd et al., 1995; Grimson et al., 1998; Dixon et al.,
2001) have recognised that it is only possible to ratify the generic attributes of a record in
advance, such as the date and time of recording and the author. Domain-specific
information such as that a blood pressure contains a systolic and diastolic component, or
that an APGAR birth assessment comprises five elements each with a score of 0, 1 or 2,
requires downstream standardisation from practitioners or learned societies. Since clinical
knowledge is constantly evolving any attempt to solidify it could not possibly be
future-proof. For this reason, a so-called ‘dual model” approach is adopted that separates
generic attributes from those of specific clinical domains.

The approach is used most recently in the ISO standard EN 13606 for health record
communication. Part 1 of this standard (ISO, 2008a) describes how a record should be
structured when transmitted between systems and defers description of exactly what
would be included in such a transmission to domain-specific models that need to be
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defined by clinical communities. Part 2 of the standard (ISO, 2008b) sets out the
requirements for a domain modelling formalism and provides a candidate object model
and language that supports those requirements.

Dual modelling stands in contrast to a typical object-oriented approach where, for
example, two parties to an exchange of cardiovascular data would expect a real
‘BloodPressure’ class from which instances would be directly derived. Not so here — an
instance of the constraint model could restrict the infinite set of class names to one with
that phrase but the transmitted instance of the record model, representing only authorship
information directly, would convey just a pointer to the constraints against which it was
validated.

A number of industry-standard formalisms could be used to support the
dual-modelling approach. Some widely known examples are introduced in the remainder
of this section.

1.1 Clinical terminology

Clinical models are not a replacement for, nor are they replaced by, terminologies, in a
learning healthcare system (Delaney et al., 2012). The focus of a clinical model is in
defining the mereological structure of a medical record including any containment or
organisational hierarchy implied by a collection of values. A terminology focuses on
providing semantic context for the values. For example, an ‘asthma check’ will usually
comprise a ‘peak expiratory flow rate’ (PEFR) reading and a number of individual
symptom details such as whether the patient has been waking at night. A terminology
might describe the PEFR as being a respiratory reading so that a clinician can search for
the latter and find the more refined PEFR alternative. But the terminology does not
describe the containment relationship placing a PEFR within an asthma check. The
structure of the asthma check is what the clinical model provides. It tells a recipient what
data might be expected in a record and where, which makes it the defining point in a
conversation between a recorder and a recipient.

The clinical model must therefore be able to attach codes from one or more
terminologies or ontologies to concepts it describes (this is also known as ‘terminology
binding’). This enables a recipient to quickly take advantage of translations or additional
semantic knowledge provided by those tools. A clinical model can also declare that the
possible values for a field are taken from a subset defined by a terminology but care must
be taken to ensure that the values are fully enumerated in the clinical model so as to avoid
the danger that a recorder or recipient lacking the (possibly fee-based) terminology will
be unable to create a value or interpret it. If an otherwise free-text value is coded in the
record, the human-readable equivalent text must be stored along with the code for the
same reason.

Usually, post-coordinated terms are not permitted by a clinical model. This is because
the meaning of such terms can subvert the intended meaning of the enclosing structure.
Consider a structure calling for a list of diagnoses that apply to a patient. Such a list
would tend over time towards a complete statement of conditions a patient has or has
previously had. However, armed with post-coordinated terms a clinician could add ‘NOT
asthma’ to the list, clearly contrary to the intended meaning but nevertheless with no
obvious terminology-independent validation possible that would prevent the addition.
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1.2 Archetype definition language

‘Archetypes’ (openEHR Project, 2016) are a formalism originally proposed by the
openEHR foundation, a not-for-profit charity setup by University College London (UCL)
and Ocean Informatics PTY (representing academic and industrial partners) to foster
collaboration among organisations interested in EHR development and use. Part 2 of the
ISO EN 13606 standard (ISO, 2008b) is based substantially on the archetype definition
language (ADL) formalism provided by the openEHR foundation at version 1.4 (Beale
and Heard, 2007), the only significant difference being that the underlying object model
rather than ADL is the basis of the standard. This leaves other formalisms free to exist so
long as they can demonstrate that they are at least expressive enough to represent the
same information model content.

The archetype is a generic constraint mechanism that can be used to constrain models
in any domain of interest. Since archetypes describe constraints on objects and their
attributes but makes no distinction between different underlying reference models, this is
a powerful constraint methodology across computing generally. Unfortunately, the
13606 standard does not require such generality since the one and only model it requires
constraining is the one given in the first part of the standard. Still, the complexity
resulting from the broader generality of archetypes would still be reasonable if it could
constrain other reference models at the same time (for example, if an HL7 model might
also be constrained). However, closer scrutiny reveals that while the possibility of
constraining multiple models is undoubtedly present as stated, they cannot be constrained
simultaneously. This is because an archetype defines constraints in terms of a reference
model. For example, the range of pressure on a blood vessel might be stated differently
by clinical and physiological models. An archetype cannot apply two different constraints
to the same clinical concept because it cannot differentiate the two uses of the same
attribute. If a second attribute were defined, it would either have to muddy both reference
models or be seen as introducing a new ‘superset-model’. Converters between openEHR
and ISO EN 13606 standard reference models are required, and exist, for example, from
Valencia (Martinez-Costa et al., 2009).

The archetype is focussed purely on data validation, that is, how to ensure that record
data submitted by a user or automated system meets criteria for validity such as being
within numeric ranges or having a limited set of possible textual values. This is certainly
a very difficult problem. However, it is not the only problem that a clinical modelling
paradigm must solve. For a simple example, it is important that an interpreting clinician
know that the systolic value of a blood pressure is always presented before the diastolic
value. The archetype typically does not record such clinical knowledge. To do so would
require another formalism (van der Linden et al., 2009). Although the object model forms
the basis of the standard, most real archetypes are delivered in an ADL source file that is
expected to be self-contained and have a fixed scope. It is possible to refer to definitions
outside the local source using something called a ‘slot” but more complex aggregation of
content requires yet another formalism (called a ‘template”).

1.3 Semantic web

Key among the metadata standards outside the specifically healthcare environment are
those from the World Wide Web Consortium relating to the semantic web (Berners-Lee
et al., 2001). These are intended to address the challenges of moving from a
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predominantly human-readable World Wide Web of hypertext markup language (HTML)
pages to a more machine-comprehensible version.

Central to this is a simple formalism called the resource description framework (RDF)
(Manola and Miller, 2004). This allows facts (represented by a predicate and a value) to
be associated with a resource denoted by a uniform resource identifier (URI). For
example, http://doi.org/someid title ‘Patterns: A simple ... etc’. A derivative, the web
ontology language (OWL) (Hitzler et al., 2012), can describe ontologies at the level of
detail needed for reasoning.

RDF demands relatively higher development complexity and discipline to enable
machine-processability of data, and once annotated it is more vulnerable to automatic
censorship and privacy violation. It is expected that facts about a resource will be
crowd-sourced and by design RDF does support information issuing from more than one
constraint model at the same time. However, this must be carefully curated as
crowd-sourced data will in general be incomplete or conflict.

Meanwhile, the primary failing of HTML that gave rise to RDF has been addressed in
other ways. Microformats (Microformats.org, 2005) and Microdata (Schema.org, 2015)
are specifications for data that can be embedded in a regular HTML page to facilitate
processing by machines.

In the healthcare space, all the models for records in widespread use are models of a
document and therefore represented most appropriately using XML, not RDF,
components. Of the World Wide Web Consortium standards that naturally suggests XML
schema, not RDF or OWL, is the most obvious choice for an information model
description.

1.4 Classfile annotations

A general purpose annotation facility was introduced to the Java™ programming
language through JSR-175 in version 1.5 (JCP, 2004). Annotations are a relatively simple
metadata facility that allows classes, methods and attributes to carry additional
information that can be introspected at compile-time or run-time. Several languages share
a similar facility. Annotations encourage a declarative style of programming that
specifies what must be done, not how it must be done.

This has been widely used in the creation of frameworks and in particular, the Java
Persistence API (JCP, 2009) uses annotations to describe how data can be persisted into a
database. A second version of the record server built by the authors (Austin et al., 2011,
2013) took advantage of this to embed persistence information into classes from which
the clinical data was derived. A simple example for alerts is shown in Figure 1. Here, the
annotation ‘@Entity” tells the object-relational modeller (in this case, Hibernate™) that
this is a class requiring persistence and the appropriate table model is defined with for
example, the ‘@JoinColumn’ and ‘@ManyToOne’ annotations.

Since Hibernate is able to read classes annotated with information about how they
should be persisted, it is of course no surprise that we can write frameworks that do the
same, checking at run-time against data validation annotations (for example, the
‘@Minimum’ of a ‘PhysicalQuantity’ data type) and laying out a form according to data
presentation annotations (for example, observing the ‘@ViewOrder’ of the elements in an
ISO EN 13606 Entry class).

The real class package and class name, and the supported method, enact the ‘contract’
specified by the annotations and is boilerplate code that could be produced from them at
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compile-time automatically. However, to do so would require further build effort for a
generator that creates the automatic alternative. This is redundant given that the
annotations already contain the knowledge needed. The modelling formalism described
in this paper follows from this observation.

Figure 1 An annotated class (see online version for colours)

package record.clinical;

ghrchetypeldentif ier {"Alert")

@hrchetypetane{ "4 lert" )

@hatelostVerified( 1163155422860 )

@hatelf Incorporat ion{ 1163155422 A8EL )

BEntity

BEntry

alibraryMame"record.clinical )

@Pub | icotionStotus{Publicat ionStotusType PRIVATE )

@SecondaryTablefname="4lert" )

@ersion{l)

pubilic closs Alert extends Entry {
@irchetypeldentif ier {"Remorks")
@Cardinality{value = CordinalityType . ONE_AMD_ONE_ONLY )
@JoinColumnihome = "Alert_Remarks_id", toble="Alert")
@ManyTodne{coscade = CoscodeType.ALL, fetch = FetchType .EAGER)
publlic Remorks getRemarks{) {

return (Remarks)super .getSingletonContent (" Remarks"[);

¥
F

2 Methods

The word ‘pattern’ is used in regular expressions to describe the set of constraints on an
input for it to be a valid example. We reuse the same term to describe the set of
constraints on a concept. The methodology specifically describes constraints applicable
to a semantic concept rather than to a reference model in order to retain a broad scope.

2.1 Pattern model

The model itself is extremely simple. A constraint has one or more arguments (for
example, the constraint @Patternldentifier has one argument called the ‘identifier’ of
type string), and a pattern has a number of constraints, whose arguments are then
instantiated for the pattern. Arguments may have only one of a limited range of types;
Boolean, integer, double, timestamp, string, ordinal, pattern and arrays of these. Certain
constraints are permitted to occur more than once in a pattern, and certain arguments are
permitted to take a default value.

A concrete example pattern is shown in Figure 2. This particular pattern uses
constraints established by the ISO EN 13606 model and these are shown with light
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highlighting. The model defines some class-level building blocks including the Element
class which is the container for all actual data values. This ‘clinic code’ concept will have
the StringWithLanguage data type when it is used for a record extract.

However, applying the @EN13606 constraint also implies the need for curatorship
information, and the presence of this can be checked at any time. The dates of
incorporation and last verification are the dates of original authorship and last change
respectively, there is an author noted, an (in this case) English string representing a
description of the pattern, a basic library categorisation of the concept if a full
terminological categorisation is unnecessary, an identifier and name, a status, and finally
a version.

Finally, a constraint is specified on the length of the string (shown in darker
highlighting). This is among several additional validations that match those available in
XML schema.

Figure 2 An example value pattern (see online version for colours)

i Clinie Code -
' @ Datel astVenlied{ TIMES TAMP verification="2012-03-14") E
' @ DateOfincorporation| TIMES TAMP verification="201 2-03-14") !
' @ DefiniionProvided Byl STRING author="Shanghua Sun, CHIME, UCL, UK") -
' @ Description(STHING language="an_GB", STRING descripiion="A code representing a specific clinic.") '
'@ ENTIE06() v
' @Elament|) -
' @LibraryPath{STRING path="clinical.clinics"} !
' @Maxl ength{iINTEGER langth=255, BOOLEAN inclusive=true) v
' @ Patternidentifierf STRING ldentifier="ClinlcCodea"} -
y & PattarnName(STHING name="Clinlc Code") -
' @ PublicationStatus{ORDINAL publcationstatus=DRAFT) '
' @ SngWithLanguagey) '
' &VersionfINTEGER version=1)} !

The ‘pattern’ argument type enables us to conveniently represent child nodes in a record
hierarchy (see also Section 3.2). In ISO EN 13606, the top-level container is known as
the ‘composition’ and contains the medico-legal information associated with commitment
and revision of data. An example from a real application is shown in Figure 3.

Figure 3 An example container pattern (see online version for colours)

i NHMNM Clinics '
| @Camposition() E
| @Content{PATTERN child=$119, STRING [abel=<DEFAULT>, INTEGER n=0, INTEGER m=1) '
| FDatel astVorifed TIMES TAMP vaerification="2012-12-18") '
| @DateCfincorporation TIMES TAMP verification="2012-03-14") .
| @DafinitionProvidedBy STRING author="Archana Tapuria, CHIME, UCL, UK") '
| @Descripiion)S TRING language="en_GB", STRING description="National Hospital for Neurclogy and '
! Meurosurgery clinic attendances.” ) '
| @ENTIE0E() ,
i BGrouplabel{STRING distribution="CORTEXT", STRING heading="NHNN Clinlcs”, INTEGER ordaring=40} *
| @LibranyPathf3 TRING path="clinical.clinices.nhnn®) '
| @Pattemidentifier/STRING igantifer="NHNNClinics") '
| @PattermNama(STRING nama="NHMNM Clinics"} '
| @PublicationStatus{ORDINAL publicationsiatus=DRAFT) '
| @Sensithviy{ORDINAL sansitivitylevel=CLINIGAL_CARE) '
! @Varsion{INTEGER version=1) '
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This composition has some @Content. A @Composition or any container may change
the label for the child nodes it contains but in this case the @Composition is happy with
the <DEFAULT> @PatternName of the contained Pattern.

The constraint list has also been extended with some presentation features. The dark
@GroupLabel Constraint enables us to order panels in a navigation bar separately for
each application the heading appears in.

2.2 T (Aruchi)

Annotations are typically added to a program source file so that before and after
completion the computational artefacts are real program code. However, Section 1.4
above notes that in fact the executable associated with the annotations is redundant for
the purposes of describing the concept. In addition, although source files can be shared
for editing via e-mail, or can have meaningful comments describing an edit attached in a
source code repository, in comparison to a dedicated editor using source files discourages
quick update or commenting and demands greater commitment from collaborators who
are expected to first become ‘committers’.

Figure 4 The relational structure of a pattern database

distribution

i

distribution_patternrevision pattern

e~

patternrevision_constraintrevision

patternrevision

constraint constraintrevision_argument argumentvalue
constraintrevision constraintrevision_constraintrevision argument
—H—0r
scope meaning datatype

argument_ordinallist

ordinalliststring
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The simplicity of the pattern model lends itself in contrast to ready representation in a
variety of underlying databases. A specifically relational model that satisfies the
requirements for patterns is shown represented as an entity-relationship diagram in
Figure 4. The actual creation of the database structure in the open-source PostgreSQL
database is performed using scripts that make the process easy to replicate at other
locations. These can then maintain their own separate repository of patterns.

Having an easily replicated relational model to store patterns significantly lowers the
barrier to entry for organisations hoping to expose the implicit structure models in their
existing applications. These models can include not only the types and aggregate
structure of data entry screens but also human-readable descriptions of behaviours that
populate fields or disable editing according to certain rules. By so doing, the patterns
approach maximises the shared understanding of how data is represented and collected
for clinical and research purposes.

Figure 5 Editing a pattern in Aruchi (see online version for colours)

(- N:N:] This Is edit Pattarn Page .
[« r 2]+ P achichime.udl.acuk sear T & [uisaden]
[0 &8 Development T

il This is edit Pattern Page =

uZILF

[ Constraint | Pattarn | Logout |

EN13606 Pattern General Information

Al fialis in this section are mandatory i
Pattern Identifier  wHnNCEnics FReguired 5
Pattern Name  ixainn Ciinies Fecuired g
Date Of Incomporation 14032012 Dt [ric- MM-yyyy)
Date Last Varified 24 10 2014 Dt (- MMyyyy] E
Library Path  gjinicalchnics.ntinn Reguied £
Publication Stalus | pRart .
Publishable & s
Viersion Fnnguimd g
Definition Provided By  pschara Tapuria, CHIME. L Reduired :
Data SUruchsre | Campesition = M
N
0
Drag and drop constraints here P
@Content | Remuve Constraim R
S
EDescripbion | Remove Constraing i ScreenHint
language® [en c8 @ SoeAlso
Natinnal Hosgialfar heuriagy and Neurasargery eline i
attendances. @SartCalumn
deseription® @BtructureType
@ BubjectOfinformationCategories
@G roupLabol [ Remeve Constraint @SuparPattemidentifiar
@Sensitivity | memove Constraint T
u
Comment: v

Subrmit edit | | Cancel
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Nevertheless, to encourage the adoption of these semantic resources by teams developing
very different and often commercially competitive software, a still more inclusive
approach is needed. To that end the development of a Web-based editor known as
‘Aruchi’ was begun (Lea et al., 2009). An example screenshot editing the NHNN Clinics
example from Figure 3 is shown in Figure 5. This cloud-hosted tool is based on a single
scalable instance of the model presented in Figure 4 and aims to act as an ‘origin’
repository enabling new applications and use cases to align themselves with semantic
concepts already created. Consequently, it maximises the value of communicated records,
exactly the purpose for which ISO EN 13606 was designed.

3 Results

The clinical models developed using the patterns method have underpinned both clinical
and research activities. Two examples are presented in this section.

3.1 HeliconHeart™

HeliconHeart™ is the flagship cardiovascular care application from Helicon Health Ltd.,
and is designed to support patients at risk of stroke or taking anticoagulant medication,
including warfarin and the so-called ‘new oral anticoagulants’.

Figure 6 A warfarin plan screen in HeliconHeart™ (see online version for colours)

A Vitamin K Mans: Helicon Heart [+

Your patient is: Logged In as: Dr. Tony Austin
& Hayama, Minami {01-Jan-1855) Rale: Clinical Care
HeliconHeart Aocou: GHIVE

Administration Overview Summaries Afrial Fibrillation Anticoagulant Control  Additional Links

Vitamin K Plans
Vitamin K Antagonist Plans

Recorded on 24-Oct-2014 at 12:08 by Dr. Tony Austin in CHIME as Clinical Cans

Indication: OTHER
‘Othar indications: AF + DVT
Drug Name: WARFARIN
Actual Start Date: 03-Mar-2014
Incafinite Treatment: FALSE
Pianned Treatmant Duration: TWELVE_MONTHS
Managaemant Mode: CLINIC_VISIT
Intended Start Date: 03-Mar-2014

Target INR Rarge:

Targat INF: 2.5
Target INR Range Lowar: 2.0
Target INR Ranga Upper: 3.0

Revision history ‘D
WHA4 1 2 kW
Edit [ Add new

Complications

No Complication records found

HaliconHaan 3.1-SHAPSHOT 03-Ocs. 2014

This Netvork Bulding, 57 Toltanham Court Road, Loncen WIT 4TP.
Rbgisternd compary no. DBOTTTES

=



Patterns: a simple but expressive data modelling formalism 85

Warfarin is a vitamin K antagonist that is potentially dangerous and can result in fatal
complications. Patients taking warfarin have regular blood tests that determine the
international normalised ratio (INR) of the blood, a measure of its propensity to clot. It
has been shown that following a decision support guideline improves the time
spent within an INR range that delivers therapeutic benefit (Rose, 2012). Using a
computer-based decision support tool can improve time in range still further (Tapuria
et al., 2013). The screen in Figure 6 shows the creation of a warfarin therapeutic plan
which specifies the appropriate range for the patient to the built-in decision support
system.

Figure 7 The model for the warfarin plan screen

| e =
\numin K Amgnnlst Plan
shanghes 140718 PUBLISHABLE
@Action{STRING labol="Become Indefinite”, STRING r\ﬁ‘ﬁ‘,—’i\"J;lso-'.fe.‘orom;os[‘" definite Ti '], STRING iption="Ensure that Planned

Traatment Duration Is sef to "No Selection” and Date Actually Endead I set to null if Indefinite Traatment is sat to trua.")

@DateLastVerified TIMESTAMP verification="2014-07-16")

@ DatelflincorporationTIMES TAMP verification="2013-10-22")

& DefinitionProvidedBy{STAING author="Tony Austin, CHIME, UCL, UK")

@ Doscriplion{STRING language="en_GB", STRING description="A plan for VKA anti fati dication that specifies the therapeutic range to be

used.”)

@DisableOnValues{STRING labolreferenco="Indefinite Treatment”, STRING ARRAY parsablovalue={"true"], BOOLEAN includingdefault-false, STRING
. ARRAY label=["Plannad Treatmant Duration", "Date Actually Ended"])

WEN13608()
@EGIOndor(STRING ARRAY label="Indication”, “Other Indications”, "Drug Name®, "Actual Stant Date”, "Indefinite Treatment”, "Become Indefinite”,
"Plannad T Duration®, Maoda”, "Intended Start Date”, "Targat INR Range”, "Date Actually Endad", "Reason For Stopping Drug"])
@EndingColumn{STRING label="Date Actually Ended")

i @Entry()

& EntryValidation(STRING funciion="noDpenNOAC", STHING description="lt shall constitute a failure to validate if there exists an open New Oral
Anticoagulant Plan when a new Vitamin K Antagonist Plan is created or edited.")

@ GrealerThan{STRING label="Date Actually Ended", STRING labelreference="Actual Start Date”, BOOLEAN inclusive=true)
@item(PATTEAN child=5$282, STRING labo/="Drug Name®, INTEGER n=1, INTEGER m=1)

@tam(PATTEAN chid=$88, STAING label="Actual Start Data", INTEGER n=0, INTEGER m=1)

@ltem(PATTERN child=52684, STRING label!="Indefinite Treatment®, INTEGER n=1, INTEGER m=1}

@item{PATTERN child=$265, STRING labal="Intended Start Date”, INTEGER n=0, INTEGER m=1)

@llem{PATTERAN child-8269, STRING labe/-"Target INR Range®, INTEGER n=1, INTEGER m=1)

@Item(PATTERN child=8270, STRING labo!="Indicalion", INTEGER n=1, INTEGER m=1)

am{PATTERN child=8271, STRING labs/="Other Indications", INTEGER n=0, INTEGEA m=1)

om({PATTEAN child=8§11, STRING labol="Date Actually Ended”, INTEGER n=0, INTEGER m=1}

@tam(PATTERN child=5448, STRING laba/="Planned Traatmant Duration", INTEGER n=0, INTEGER m=1)
Ellem{PATTERN child-8450, STRING labes/-"Management Mode", INTEGER n=1, INTEGER m=1)

@ltom(PATTERN child=§451, STRING labol="Reason Far Smpplng Drug®, INTEGER n=0, INTEGER m=1)
@LibraryPath{STRING path="clinical.

i @0neCponi)
f flar(STRING idantifier= {AntagonistPlan")
@PatternName(STRING name="Vitamin K Amaaamst Pian"}
@EPublh s{ORDINAL icationstatus=PRIVATE )

-.’s‘uc.'osn.l-.‘m.‘fs]'ﬂ.'\fc labei="Withdrawal", STRING descrplion="In the event that the currently viewed Plan is still open and either (1) today's date is after
the {Actual Start Date + Intended Period); or (2) today's date is before the (Actual Start Date + Intended Period) but within the last two weeks of it, then
display 8 message to the efiect that the Plan iz ending soon and if possible provide a link to a suitable Withdrawal Latter.”)

ston({INTEGER version=1)

ewOrder(STRING ARRAY labal=["Indication”®, "Other Indications", "Drug Nama", "Actual Start Date”, "Indefinite Treatmant”, "Planned Treatmant
Dulahun . "Management Mode", "Intended Stari Date", "Target INR Range”, "Date Actually Ended”, "Reason For Stopping Drug®, "Withdrawal"]/

The screen (and the database table that underpins it) is derived from the much more
complicated pattern model shown in Figure 7. This also acts as a specification for
extended features such as on-pane behaviours (for example, disabling the ‘planned
treatment duration’ and ‘date actually ended’ fields if the clinician selects ‘indefinite
treatment’) and hints (for example, pointing to a ‘withdrawal letter’ when the plan is
about to end). Many jurisdictions demand that it be clear to a recipient what the context
of an original recording was to ensure that interpretation can occur in a clinically safe
way. By providing a comprehensive specification, it is completely clear both to an
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implementer what was intended by a feature and to a recipient what was available to an
authoring clinician.

The application (Austin et al., 2015) underpins a distributed anticoagulation service
(Austin et al., 2009) in North London that includes the catchment areas of five Clinical
Commissioning Groups. The distributed service there includes not only hospital-based
clinics but also General Practices and secondary prescribers, supporting over 100 users
and having been used in the management of more than 15,000 patients. Helicon is now
rolling out the software nationwide.

3.2 EMIF

The European medical information framework (EMIF project, 2016) is a 60 month,
€56M project that aims to link up and facilitate access to diverse medical and research
data sources. ‘Big’ datasets are fragmented across repositories and sources with different
coding systems and natural languages, bound by different national and local legal and
ethical constraints, and the actual stored information often does not have a semantic
match across these.

Figure 8 The model for Victoria Stroop test

@ [0-1] Victoria Stroop Test (VictonaStroopTost)
g—’

@ [1-1] Number of Errars (Count)
@ [0-*] Intarpratation (Stroo
g [1-1] First Test (StroopSubtastTypa)

)
m [1-1] Comparison Typa (ComparisanTypa)

@ [1-1] Comparison Measurament (GanaralTastRasult)
)
m [1-1] Normalisation Reference (FublicationLink)

@ [1-1] Normalised Scora (GenaralTasiFAasult)
[1-1] Clinieal Interpretation {NeuropsychologicalClinicalinterpratation)

@ [1-1] Pathological (Fetho
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In an effort to present a single virtual repository that may be the target of research
queries, it is first necessary to establish a single definition of the data that researchers
may then use to frame their requests. Patterns have been applied to aid in this process
(within the project they are termed ‘EMIF knowledge objects’).

An exemplar clinical area for the project is the diagnosis and management of
dementia and Figure 8 shows an example model for a diagnosis instrument, the
Victoria Stroop test (Bayard et al., 2011), that has been produced in collaboration with
neurodegenerative disease practitioners. Here, the tree implied by the ISO EN 13606
container attributes is shown. The light grey bracketed identifiers are each fully modelled
as patterns (not shown) and receive the labels presented in black when used in a
container.

It is intended to incorporate this methodology in a large-scale pan-European
federation of research repositories.

4 Discussion

The model for patterns is relatively simple at least in comparison to other widely-used
formalisms, but it has required augmenting since the original concept was developed. It
appears among similar tools in a recent evaluation by Moreno-Conde et al. (2016).

4.1 Constraints

Internal validation of argument values is in general not possible with this approach.
Because the models being constrained are not part of the patterns representation itself, the
latter has to assume that a knowledge engineer uses correct values. For example, an ISO
EN 13606 content with a cardinality attribute ‘—1° cannot be declared unreasonable
without also knowing what ‘cardinality’ is in the context of the EN 13606 model.

Nevertheless, it is at least possible to validate that constraints appear together where
they should. For example, we know that all clinical models in an ISO EN 13606
environment must have the type composition, section, entry, cluster or element. It is
therefore possible to ensure that if the @EN13606 constraint appears in a pattern, then
@Composition or @Entry, etc. appear as well. The general approach is to include a table
where constraint A can demand constraint C or suggest C. If neither of these are the case
then the two constraints are unrelated. If A demands C then C must appear if A appears.
If A suggests C and B suggests C then if C appears one of A or B must also appear.

This is a moderately powerful check although it can lead to confusing validation
matrices. For example, the @Composition constraint both demands and suggests
@EN13606 because @Composition requires the @EN13606 constraint to be present and
@EN13606 requires one of @Composition, @Section, @Entry, @Cluster or @Element
to be present.

Moreover, the naming and argument arrangement of constraints is still a matter of
research. The example of warfarin plan in Figure 7 shows the balance the authors have
tried to strike between specificity of constraint and human-readable description, but
broader consensus may lean further towards one of these extremes. Our efforts have been
predominantly directed at application design and build but the approach (with additional
constraints) can at least be applied to security policy modelling (Lea, 2015) as well.
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4.2 Comments

One of the key requirements for a tool that facilitates collaborative editing is storage of
comments that allow users to justify their design decisions and propose new ones.
However, this is not intended to describe the purpose of the pattern, the text for which is
more properly stored in the @Description property of the pattern itself.

In our modelling work, we have noted with dismay more than one occasion where
clinical domain experts forgot the reason for a previous request and asked for something
different. The ability to explain requests as they occur is very valuable as, absent this
facility, there is no basis on which to rebuff the new idea until what the previous choice
made possible comes to light by its absence.

4.3 Distributions

A ‘version’ of a pattern refers to a single clinical concept even as it may collaboratively
develop over many ‘revisions’. The former is represented as part of the pattern itself with
the latter a part of the database model. For an example, consider a pattern for ‘emphasis’
which begins as a Boolean value indicating that a cohort of data was considered of higher
importance by an author. The development of this pattern may go through many
revisions, perhaps adding language translations or links to terminologies. However, it
remains at version 1. Later, perhaps it is realised that a Boolean is insufficient to
represent emphasis and the pattern is modified to declare an ordinal with several possible
values. At this point, the collaboration must begin again around an updated concept. This
would be considered a second version.

The process of collaboration between knowledge engineers and domain experts will
tend towards a completed and usable pattern. However, not all stages of development
have equal worth for the purpose of representing data. Even after a pattern is seen as
usable, further development might diverge from broad acceptance before once again
returning to a viable state. For this reason, each pattern may declare itself ‘publishable’
(sensible to use for data) and the database facilitates the creation of ‘distributions’ which
are collections of publishable pattern revisions from which data may be created in a
specific clinical domain. Multiple distributions may include the same pattern but only one
version of a pattern may appear inside a single distribution. Distributions can use patterns
at any point in their revision history, so long as they are publishable.

In fact, not only may individual patterns have less sensible iterations but so may
distributions as a whole. The authors have found that clinical staff understand the
implications of their modelling much more readily once it is rendered as an application
they can use. Of course, these applications are only intermediate stepping stones on a
path to an approved aggregation of patterns and have only limited applicability. A
‘snapshot’ distribution provides the content for applications regarded as temporary and
not expected to retain real patient information. Meanwhile, distributions can also be
‘branched’ to allow more than one group to simultaneously explore different
aggregations of patterns.

Since domain modelling forms a part of the ISO EN 13606 standard (part 2), it is
sometimes assumed that semantic agreement between partners to an exchange would be
dependent on there being a shared representation underpinning it. In contrast, a typical
exchange partner who is as yet undecided about the technology to use for exchange,
would see a full implementation of the standard as rather a burden when a simpler XML
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schema could suffice. Looked at from the patterns perspective, a ‘simple’ XML schema
would lack rigorous grounding in the custodianship of records (part 1) and agreement on
the domain representation (part 2). Nevertheless, a ratified distribution could construct an
XML schema that would ‘look’ simple but be fully informed on both counts.

4.4 Scalability

The approach works well in a small application development environment where
interoperability is seen positively and the relatively higher cost associated with being
thorough about the underlying models can be borne on that basis. However, it is not
necessarily obvious that the approach would scale to a nationwide, continental or even
global attempt to capture and inter-relate existing models. In particular, the scalability of
the approach is limited by the rate at which appropriate constraints can be ratified, and
the rate at which patterns can be created and subsequently found.

Section 2.2 above describes the drag-and-drop editor for patterns (Aruchi) that has
been developed as part of this work. It emphasises a typical usage pattern where an
example pattern of the sort required is found (for example, an ‘integer with a minimum
value’) and then a new pattern is created using that as a template. This significantly
improves the performance of knowledge engineers with large numbers of patterns to
create, such as when beginning investigation of a new domain.

However, this may still not be quick enough for certain use cases. In clinical research,
for example, it is more important to capture a description of the content of data than its
complex curatorship information and governing value constraints. Instead, a ‘rapid
pattern development’ environment can be envisaged where a minimal pattern model
follows from a sketch of a data entry form that can be associated with the method used to
extract data conforming to that structure.

4.5 Fragmentation

The formalism externalises and makes explicit a previously internal data model, in much
the same way as a rule engine does for a knowledge base. The Aruchi tool is designed to
facilitate collaborative development of the data model for the purposes of interoperability
and exchange, but it is recognised that some (especially commercial) organisations will
want to run bespoke instances of the server at least initially. The underlying model is
deliberately simple at least in part to enable such servers to be established easily.
However, to avoid fragmenting the pattern repositories and making them harder to
search, there would be an advantage in having links to widely used ontologies so that
searches could find patterns across server instances. A project already undertaken within
the team (Panagiotou, 2011) has shown that the repository could offer patterns using an
RDF syntax to establish links with broader ontological development.

5 Conclusions

The authors have shown that the patterns formalism provides a simple but powerful way
of representing semantic concepts. The formalism is capable of including information
from many models simultaneously and consequently it has broad applicability to the
issues involved in clinical application design. It is also potentially useful in any other
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situation where parties have not converged on a data model but instances can be
exchanged at a coarser granularity. Two distinct modelling activities for two very
different application areas have been discussed in this paper.

The formalism has a ready database representation and is thus well suited to
collaborative editing. This lends itself well to the needs of clinical teams seeking
consensus on the structure of records. Additional work could focus on rounding out such
a collaborative editor for general use, which would have immediate benefits not only for
application designers but in particular for interoperability specialists attempting to agree
on the payload of a clinical exchange.
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