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Abstract

with it.

easy-going health information systems.

working in projects that need HL7 standards.

Background and goal: Health information systems are increasingly sophisticated and developing them is a
challenge for software developers. Software engineers usually make use of UML as a standard model language that
allows defining health information system entities and their relations. However, working with health system requires
learning HL7 standards, that defines and manages standards related to health information systems. HL7 standards
are varied, however this work focusses on v2 and v3 since these are the most used one on the area that this work
is being conducted. This works aims to allow modeling HL7 standard by using UML.

Methods: Several techniques based on the MDE (Model-Driven Engineering) paradigm have been used to cope

Results: A useful reference framework, reducing final users learning curve and allowing modeling maintainable and

Conclusions: By using this approach, a software engineer without any previous knowledge about HL7 would be
able to solve the problem of modeling HL7-based health information systems. Reducing the learning curve when

Keywords: UML, HL7, MDE, Domain models, Metamodel, MoDHE

Introduction

Nowadays, health information systems are increasingly
sophisticated [1]. The development of high-quality,
maintainable and interoperable products is a challenge
for software developers that compete in finding a niche
market within the health systems field. The need of
working with an electronic health record shared all over
the word is a fact today [2]. For this purpose, it is essen-
tial to use health information standards that allow estab-
lishing health information exchange rules [3]. However,
engineers are not always proficient with health stan-
dards. The initial hypothesis is that since software
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engineers can read UML (Unified Modeling Language)
[4] but are not usually proficient with HL7, having a
UML translation of HL7 will reduce the learning curve
and thus easing the adoption of this health standard. To
validate this hypothesis, this work aims to bring closer
health standards and software definition standards.
Software engineers usually work by using UML to de-
fine the projects. UML is a standard model language
proposed by the OMG (Object Management Group).
This organization promotes the use of object-oriented
technologies through the creation and preservation of
guidelines, standards, and specifications. MDE (Model-
Driven Engineering) is a paradigm that focuses on the
creation and operation of domain models. A domain
model is a conceptual model that describes entities, at-
tributes, roles, relations and restrictions associated with
the domain of the problem. It describes concepts dealing
with the nature of the problem, instead of describing
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concepts related to software systems. It helps software
engineers to decouple representation by focusing on
the concepts. A metamodel is a model that describes
the concepts used in a specific domain model [5, 6].
MDE is used in this study since this paradigm has
been used successfully in many other research topics
e.g. business process management [7], and in software
testing area [8, 9] among others.

Many notations exist for standing for metamodels,
UML being one of the most frequently used.

In this way, this work is referring to UML class-
diagram modeling notations.

On the other hand, HL7 International (Health Level
Seven International, from now on it will appear as
“HL7”) is a non-profit international organization that
promotes and defines standards related to health infor-
mation systems. The members of this organization de-
velop standards with the purpose of allowing exchange
and integrate the electronic health record with the aim
of supporting clinical practice as well as management,
development and evaluation of health services.

HL7 counts on 31 affiliate countries; Spain, for in-
stance, is included through the organization named HL7
Spain. Currently, HL7 is offering three certifications that
validates the knowledge about HL7 standards and it
comprises nearly 4800 validated researchers all over the
world.

This information reinforces the substantial impact that
HL7 has internationally, considering that there is a con-
siderable amount of worldwide cases of implementations
based on HL7 standards [10].

This organization defines domain models for each
HL7 standard for the whole patient data, with the aim of
representing each problem or working scenario identi-
fied over time.

Most HL7 standards have a common metamodel
called MIF (Model Interchange Format) [11]. Initially,
MIF was created to represent the HL7 v3 metamodel
using UML, with the aim of leverage MDE benefits, and
address some shortcomings in the UML paradigm itself.
Most HL7 domain models could be modeled following
this metamodel, which is formally modeled with one of
the HL7 standards [12]. It should be pointed out that
MIF is so large, and it is presented in such an abstract
way that, although it seems very interesting from a con-
ceptual point of view, it could cause lots of difficulties
when using and learning it.

Each HL7 standard has an underlying domain analysis
model that specializes and extends MIF. In this research,
we are focusing in HL7 v2 and HL7 v3 since these are
the models being used in the area on which it is
intended to be validated this approach. Each HL7 do-
main analysis model was understood in some cases as a
metamodel, since such models can be used to instantiate
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implementation guides covering a specific scenario. In
some cases, these models have not been explicitly de-
fined in a diagram, but in a text on different documents.
In some other cases, these models have been explicitly
defined in diagrams that use HL7’s own graphical lan-
guage. Keeping in mind that models of some HL7 stan-
dards are described by means of a text in large
documents, and other HL7 standards are modeled using
its own graphical language, it is not easy for a software
engineer to design a domain model of a software solu-
tion according to a specific HL7 standard. In contrast to
what happens when using HL7 standards, software engi-
neers usually feel conformable with general model lan-
guages, such as UML.

Therefore, in this research work we have been carrying
out the research under the hypothesis of providing soft-
ware engineers a solution that allows them to design
their domain models proposals to develop health infor-
mation systems by means of systematically using UML
notation. Thus, in a transparent way, these representa-
tions could take part in health information systems that
are conform to HL7. For this purpose, we propose the
use of the MDE paradigm.

In conclusion, along this study we will offer a solution
consisting in using MDE to solve the problem of design-
ing domain models according to HL7, using an UML-
based interface to reduce the learning curve and cost
that this problem involves.

Up to now, in this research, the effort has been fo-
cused on three HL?7 standards: HL7 v3, HL7 CDA and
HL7 v2.x. Future work will include an evaluation of the
results of the validation and further models of HL7 be-
ing included on this framework.

In addition, MDE text transformations can extend this
work to allow MoDHE model to automatically generate
code compliant with technical interoperability standards
as FHIR.

This paper is structured as follows. After this introduc-
tion, Section 2 describes the background together with
the problem and justifies the proposed solution. Then,
Sections 3 and 4 explain the methodology used and the
results obtained, respectively. To finish, Section 5 sup-
plies further discussion and Section 6 states final
conclusions.

Background

HL7 international is an organization that provides
standards in the health context. These standards can
use health data safely, whenever, and wherever
needed. This organization uses information models to
define standards. Most of these models extend MIF
which is the metamodel of HL7 models. So, each
HL7 model is conform to MIF definitions.
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e Learning curve. UML is a standard to model
well known and used software systems. Most of
HL7 models are designed following their own
graphical model language, which is known and
used by HL7 members and software engineers
who eventually have worked with HL7 standards.
Some HL7 models are not modeled in a
graphical way, but in texts and large documents.
Therefore, software engineers, face up a bigger
learning curve at designing a health system

Although HL7 is an organization that places strong
emphasis on interoperability standards, most of the
HL7 V3 standards have been designed using a lan-
guage with graphical code specific to HL7. Lots of re-
searchers from the scientific community have
identified the need of using HL7 in the MDE context
to have model support tools or testing tools among
others at their disposal [13-16].

Therefore, this work aims to find solutions to the fol-
lowing problems:

Fig. 2 Context
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. Lower learning curve rfA“ . Adaptation
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based on HL7 than designing an UML domain
model.

Usability. Tools that allow working with HL7
standards are limited and less usable than tools that
use a standardized model language, as they explicitly
use the semantics of HL7. On the other hand, there
are lots of tools to design systems using UML,
which are more usable because the software
engineer is more familiar with their semantics. If an
engineer designs a healthcare computing system
using of a tool that conforms to both UML elements
and HL7 elements in a straightforward way, the
usability of the tool will increase.

Maintenance and adaptation. Considering the high
complexity and size of HL7 standards, healthcare
systems created according to HL7 are less
maintainable and have less adaptation capacity than
those common systems that are not from the
healthcare environment. However, if we evaluate the

maintenance and adaptation capacity of an UML-
based information system, we will deduce that the
system has those capacities, since UML is a model
language extensively known by software engineers.

Consequently, the need of providing software engi-
neers with a reference framework that let them approach
these two standards is shown in this solution: UML
general-purpose model language and HL7 standards,
through the MDE paradigm.

There are previous identified experiences regarding
the use of HL7 standards that applied techniques based

on the MDE paradigm

[17-20]. For vyears, they

highlighted the importance of model information in the
health context for sharing knowledge, improving pro-
cesses and document the requirements of software solu-
tions for health information systems. Although these
experiences use MDE and HL7, an obstacle was mainly
identified: even though they used techniques based on
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MDE (e.g. models transformation or mechanisms for
automatically generate code), they did not use HL7 com-
pletely. Authors in these works addressed the research
to a single specific HL7 model, keeping others out of the
scope of their research.

The aim of this solution is to back up the development
of health information systems based on HL7, through a
reference framework that brings closer HL7 standards
and UML general-purpose model language to the devel-
opers, using the MDE paradigm.

NDT (Navigational Development Techniques) is a
methodology based on MDE that offers formal and
complete support to the software lifecycle (viability
study, requirements, analysis, design, implementation,
maintenance and test) [21]. NDT methodology covers
the phases of the lifecycle in a structured way, reducing

errors and redundancies. This methodology defines a set
of metamodels (and transformations among them) to
formally address the phases of the lifecycle of a software
product or service. Up today, NDT has been applied to
many projects and business experiences [22, 23] How-
ever, NDT is a software development methodology for
general purposes and it doesn’t included mechanisms to
define interoperability requirements, as the one based in
HL7 standard, in this way, NDT has been extended to
offer this feature.

Figure 1 shows graphically the proposed solution. On
one hand, HL7 metamodels are represented on the left.
On the other hand, our approach, named MoDHE,
MOdel-Driven Health Engineering, and its metamodels
are displayed on the right extending NDT metamodels.
Specifically, we extend Information Requirements, (RA)
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metamodel in NDT methodology, which subsequently
extend from UML metamodels. In particular, it extends
the class diagram metamodel. Derivation mechanisms
are also shown among MoDHE metamodels. Both, HL7

metamodels and MoDHE metamodels establish relations
one to one, since it is necessary to consider metamodels
and constraints of HL7 standards to define MoDHE
metamodels.



Olivero et al. BMC Medical Informatics and Decision Making (2020) 20:96 Page 7 of 18

-
«metaclass»
MSG «metaclass» «metaclass» «metaclass»
PT VID HD
- MessageCode :0076 - Message Type _ N
- TriggerEvent :0003 - Event Type - PTOCSS!T\MD 20103>PT06955'"9_|D - IntemationalizationCode :CWE - NamespacelD :0300 - Namespace ID
~ MessageStructure :0354 - Message - ProcessingMode :0207 - Processing Mode - VersionID :0104 - Version ID - UniversallD :string
- InternationalVersionIlD :CWE - UniversallDType :0301 - Universal ID Type
«metaclass» «metaclass»
XON FN «metaclass»
- OrganizationName :string - Sumame :string SAD
= OrganizationNameTypeCode :CWE = OwnSumameP.ref!x :string . StreetOrMailingAddress :string
- IDNumber :string - OwnSumame :string i o
) . StreetName :string
- IdentifierCheckDigit :double - SumamePrefixFromPartnerSpouse :string - DwellingNumber :string
- CheckDigitScheme :0061 - Check Digit Scheme - SumameFromPartnerSpouse :string

- AssigningAuthority :HD

- IdentifierTypeCode :0203 - Identifier Type

- AssigningFacility :HD

- NameRepresentationCode :0465 - Name/Address Representation
- Organizationldentifier :string

Fig. 6 MoDHE metamodel HL7 v2 datatype

«metaclass»
«metaclass» TEL
AD .
0.. «metaclass» - use :TelecommunicationAddressUse
- addressPart :ADXP $«addr»' Organization - useableperiod :string
- :Postal A - value :strin:
e PostalAdCEEg - standardindustryClassCode :CD g
- useablePeriod :string 0.
0.*
«metaclass»
Place
«addr» - mobilelnd :boolean
«metaclass» - addr :AD
«disabilityCode» cp L ctionsTextgEn
% ; «telecom» - postionText :ED
«metaclass» - code :string 0.* - gpsText :string
Person . - codeSystem :string
«ethnicGroupCode» =1 goqesSysiemiName :sting
- maritalStatusCode :CD 0-*I. codeSystemVersion :string «metaclass»
- educationLevelCode :CD - displayName :string «handlingCode» EN
- livingArrangementCode :CD - originalText :string N
- religioushffiliationCode :CD | (ageCoder————] - translation :string e =l
— 0-*I - qualifier :string > e taci o -__type :string
«riskCode» Entity 0.
- classCode :CS
- determinerCode :CS «name»
- code :CD «metaclass»
- quantity :PQ LanguageCommunication
f(rr]eiacla_s» = desc :ED - languageCode :CD
LivingSubject /D - statusCode :CS 1 0.+ - modeCode :CD
- administrativeGenderCode :CD - proficiencyLevelCode :CD
- birthTime :TS - preferencelnd :boolean
- deceasedInd :boolean «existenceTime»
- deceasedTime TS
- multipleBirthind :boolean .
- multipleBirthOrderNumber :INT 0.2/ staclasey

- organDonorind :boolean ‘%

- value :date
«metaclass» 0.41 0.2
Material o .
«expirationTime»
«metaclass» - formCode :CD «stabilityTime»
NonPersonLivingSubject «id» V\ ]
- straingText :ED «metaclass»
- genderStatusCode :CD ManufacturedMaterial
- lotNumberText :string
L 0. «metaclass»
Container

«metaclass»
- capacityQuantity :PQ
N v " - heightQuantity :PQ
- assigningAuthorityName :string - diameterQuantity :PQ «metaclass»

- displayable :string - capTypeCode :CD Device

=" "9 - separatorTypeCode :CD - manufacturerModelName :CS

= root :string - barmierDeltaQuantity :PQ _ softwareName :CS ’

- bottomDeltaQuantity :PQ - localRemoteControlStateCode :CD
- alertLevelCode :CD

- lastCalibrationTime :CD

Fig. 7 MoDHE metamodel HL7 v3 entities part 1
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-
«metaclass»
TEL
- use :TelecommunicationAddressUse
- useableperiod :string «metaclass» «metaclass»
- value :string Access Patient

- approachSiteCode :CD
targetSiteCode :CD
- gaugeQuantity :PQ

«metaclass»
QualifiedEntity

- equivalencelnd :boolean

«telecomy

- verylmportantPersonCode :CD

«metaclass»
LicensedEntity

- recertificationTime :TS

«metaclass»

«metaclass»
«metaclass» Role
AD
- classCode :CS
- addressPart :ADXP - code :CD
- use :PoaalAddreSUseO'\ - negationind :boolean
- useablePeriod :string |~ «addr - statusCode :CS
\ - certificateText :ED
«metaclass» - confidentialityCode :CD
EN /— quantity :INT
«name» - priorityNumber :INT
- value :string | 0.*
- type :string

Employee

- jobCode :CD
- jobTitleName :CS

- jobClassCode :CD
- occupationCode :CD
- salaryQuantity :MO

«metaclass»
Participation

«targetRole»

- hazardExposureText :ED
- protectiveEquipmentText :

- typeCode :CS
- functionCode :CD

- priorityNumber :INT
- negationind :BL
- noteText :ED

«metaclass»
ManagedParticipation

- signatureCode :CD
- statusCode :CS - signatureText :ED
- performind :BL

subsetCode :CS

«id» - quantity :PQ

- contextControlCode :CS
- sequenceNumber :INT

/D - modeCode :CS
- awarenessCode :CD

- substitutionConditionCode :CD

«sourceRole»

«effectiveTime»

«time» 0.

«metaclass»

0.2

- value :date

«metaclass»
n

«id»

«effectiveTime,
~

«metaclass»

RoleLink

- assigningAuthorityName :string | 0..*
- displayable :string
- extension :string
- root :string

Fig. 8 MoDHE metamodel HL7 v3 entities part 2

- typeCode :CS
- statusCode :CS
- priorityNumber :INT

This reference model has been called MoDHE due to
the close relation with the MDE paradigm and the
health context.

Methods

The current research line contributes to the academic
field with a reference framework composed of three
basic pillars that offer the following added value to the
existent scientific base. Our methodology. It is a proced-
ure to design HL7 domain models in a health area
software project with an UML-based interface. The
HL7-based model language, that is the language that ex-
tends UML for modelling health information systems by
HL7 standards. And derivation mechanisms. Key elem-
ent to enhance interoperability among standards and
ease systems maintenance and extension.

Figure 2 offers a view of the context where MODHE
reference framework is developed.

Methodology

Initially, after reviewing the correspondences between
HL7 and UML metamodel in previous works [24, 25],
the authors started working on MDE techniques to im-
plement Model-to-Model techniques to generate HL7
models automatically, by using UML models as a source
[26]. Afterwards, bearing in mind that software engi-
neers, who model health software, must model artifacts
in all the phases of the software lifecycle as non-health
software; the authors decided to develop MoDHE meth-
odology as an extension of NDT methodology. Thus, au-
thors decided to extend the metamodels that covered
the elements related to the software lifecycle and enrich
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«metaclass»
SubstanceAdministration

- routeCode :CD

- dossQuantity :PQ

- rateQuantity :PQ

- administrationUnitCode :CD

—0..

-

«metaclass»

Procedure

targetSiteCod

A

- code :sting
codeSystem :string

o

codeSystemVersion :string

«metaclass»
Diagnosticlmage

- subjectOrientationCode :CD

’

«methodCoden

“methodCoden i =
. 0~
«metaclass» /ﬂ s <o y=emiame K] «modifierCade»

sting

- originalText :sting
trandlation :string
qualifier sting

=1 17

-

0

/ D
o
GinterpretationCod:
«specialCourtesiesCode
d

.l

«me

«metaclass,
Observation

PatientEncounter

taclass

- lengthOfStayQ

- value ANY
- valueNegationind :BL

- dischargeDispo:

- admisionReferalSourceCode :CD

- preAdmitTestind BL

uantity :PQ
stionCode :CD

- energyQuantity :PQ
- camohydrateQuantity :PQ

«metaclass»
Account

- balanceAmt :MO
- currencyCode :CD
- interestRateQuantity! :MO
- interestRateQuantity2 :PQ

T
«allowedBalanceQuantity»

D fity1»
o «metaclass»
D iy Pa
«doseCheckQuantityly 0| - value :double
- unit sting
0.°| - trandation :PQR
«doseCheckQuantity2»™ g

«metaclass»
InvoiceElement

- unitQuantity :PQ
- unitQuantity2 :PQ
- unitPriceAmt1 :MO
- unitPriceAmt2 :PQ
- netAmt M\

- factorNumber :REAL
- pointsNumber :REAL

«metaclass»

«reasonCoden - value intege] «metaclass»
cs
0.2
0.5 /- code :string
o
cpriontyGoder «blockedContextActRelationshipType»
/ «repegtNumben
«blockedContextParticipationType
«metaclass»
Ac
«metaclass»
a0 CS ActRelationship
- moodCode CS
- code :CD - typeCode :CS
etaclasy ) acm«we\ga‘;m;rd x E m‘:iﬁanm?dc B«L tBlockedind BN
e — e
T «sourceActy———|
- detectionMethodCode :CD - title :ED - contextConductionind :BL
B il onModeCode i) - text ED - sequenceNumber :INT
- diseaselmportedCode :CD - statusCode :CS - priorityNumber :REAL
- availabilityTime :TS - pauseQuantity :PQ
- confidentialityCode :CD ? «targetActs’ - checkpointCode :CS
- interptiblelnd :BL - slitCode CS
- levelCode :CD - joinCode :CS
P i o - independentind :BL - negationind :BL
" - undertaintyCode :CD - conjunctionCode :CS
o - languageCode :CD - localVariableName :ST
- assgningAuthorityName :string - isCriterionind :BL - seperatableind :BL
- displayable :sting - subsetCode :CS
- extension :string - uncertaintyCode :CD
- root :sting effectiveTimey,
/‘aclw\lyﬁme»
«metaciass [ «metaclass
™ 0.1 ControlAct
- value :date
0.2
«metaclass»
«expectedUseTimen Supply
- auantity :PQ «metaclass»
DeviceTask
«metaclassy
ContextStructure
«metaclassy - sed I
Diet - versonNumber :ST

«metaclass»

FinancialContract «parameterValuer

- paymentTemsCode :CE 0.
«metaclassy

«metaclass» - xsitype :sting
Document - value :tring

- completionCode :CD
- storageCode :CD
- copyTime ‘TS

abibliographicDesignationText
0.

0.
Mo
«metaclass» «metaclass» ED)
- value sstring Exposuie FinancialTransaction e aring
- cumency :sting - routeCode :CD ~ amt :MO - representation :sting
- exposureLevel :CD - creditExchangeRateQuantty :REAL - mediaType :sting
- exposureModeCode :CD i ity :REAL - charset sting

Fig. 9 MoDHE metamodel HL7 v3 entities part 3

- language :HumanLanguage
- compression string
- reference :string

NDT by adding the metamodels of HL7 standards
through the defined DSL, Domain Specific Language,
that works out UML-like notations for HL7 concepts.
Therefore, they got a formal and complete framework
that enabled modeling a health information system sys-
tematically according to HL7, using class diagrams

models.

In consequence, MoDHE methodology helps software
engineers model requirements using an UML language, by
defining HL7 requirements in a clear and systematic way.

MoDHE methodology extends the metamodels from
the NDT phase called System Requirement Develop-
ment (DRS). More specifically, it extends RA metamodel
to include the elements of HL7 standards. Within RA
metamodel, MoDHE methodology focuses on informa-
tion requirements. Thank to this fact, a software engin-

eer could define the health requirements catalog

according to HL7.
The learning curve of a software engineer using
MoDHE for the first time is minimum, because, like
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«metaclass»
CE

«metaclass»
ADXP

- code :string

- codeSystem :string

- codeSystemName :string
- codeSystemVersion :string
- displayName :string

- originalText :string

streetName :string
direction :string
country :string
state :string
postalCode :string
city :string
delimiter :string

Fig. 10 MoDHE metamodel HL7 v3 datatype

«metaclass»

«metaclass»

PQR ENXP
- value :string - calificator :EntityNamePartQualifier
- code :string - entityPartName :EntityNamePartType

- codeSystem :string

- codeSystemName :string
- codeSystemVersion :string
- displayName :string

- originalText :string

«metaclass»
ON

- name :string

- name :string

«metaclass»
«metaclass» ST
IVL_TS
- low :date ;’:,:uiazgerm-gmn
- high :date e

when using NDT, MoDHE methodology proposes
to utilize UML class diagram notation to define

models.

To develop MoDHE methodology, we analyzed in de-
tail each metamodel (designed either by means of their
own graphical model language or textual documents) for
every HL7 standard that must be integrated, to get a

deep knowledge about:

o The entities the metamodel includes.

e The constraints some entities must include to cover
the definition of each entity.

e The transformation rules that could be identified
among entities included by different standards.

This analysis was performed to get the required know-
ledge to model all the elements comprising MoDHE

metamodels that, as mentioned before, constitute an ex-
tension of NDT metamodels.

Up to now, the effort has been focused on three
HL7 standards that belong to software information
requirements. These standards are also part of the
DRS phase of NDT methodology. The effort has
been focused on defining the static or structural
phase of the system for HL7 v3, HL7 CDA and HL7
vV2.X.

HL7 CDA standard is an extension of HL7 v3 stand-
ard, as Fig. 1 showed in section 1.

HL7-based model language

MoDHE metamodel, a HL7-based model language, was
created to support MoDHE methodology, as it was pre-
viously stated.

«enumeration»

DocumentType

Autopsy report

Cardiodiagnostics

Consultation

Diagnostic imaging

Discharge summary

Emergency department report

History and physical examination

Operative report

Psychiatric consultation

Psychiatric history and physical examination

Procedure note
Progress note
Surgical pathology
Transfer summary

«enumeration»
OrganizationindustryClass

Domain provides classification systems for industries.

«enumeration»
ReligiousAffiliation

Agnosticism

Atheism

Christian (non-Catholic, non-specific)
Hinduism

Independent

Orthodox

()

N
R crationg «enumeration» «enumeration» «enumeration»
Particip x_BasicC ialityKind PostalAddressUse Ethnicity
irﬂended I — Hogar Hispanic or Latino
gloned 4 restricted Oficina Central American
eire Very restricted Para visitarlo Costa Rican
Solo para enviar correo Guatemalan
()
«enumeration» i
«enumeration»
HumanLanguage RoleCode «enumeration» .
- TelecommunicationAddressUse gonmeraiy
& Billing Contact
pl Payor Contact H‘{g?' Bl
s Family Member Oficina i
) Directo et ve
() Contacto emergencia cancglled
Movil pending
suspended
«enumeration» gl terminated
Race nullified
Asian «enumeration»
Asian Indian EntityNamePartQualifier
Bangladeshi i
e Apellido del conyuge jepumerationgy
Burmese Nombre preferido por la persona MaritalStatus
Cambodian Se trata solo de la Inicial Annulled
Chinese Titulo Divorced
() Interlocutory
Legally Separated
i Married
) ! «.en"t‘.lmerinor? Polygamous
«.er:lume.ranon» ) ntityNamePartType Never Married
Family ngesic partner
Female Given iicowed
Male Prefix
Undifferentiated Suffix
Delimiter

Fig. 11 MoDHE metamodel HL7 v3 enum
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HL7 CDA

HL7 v2.x

Field

ClinicalDocument.RecordTarget.PatientRole.Patientname.namePart.name
[name.entityPartName = "GIV"]

ClinicalDocument.RecordTarget. PatientRole.Patient.name.namePart. name
[name.entityPartName = "FAM"]

ClinicalDocument.RecordTarget. PatientRole.PatientbirthTime

ClinicalDocument.RecordTarget. PatientRole.Patient. administrativeGenderCode
ClinicalDocument.RecordTarget PatientRole.Patient.raceCode

ClinicalDocument.RecordTarget. PatientRole.PatientmaritalStatusCode

ClinicalDocument.RecordTarget. PatientRole.Patient.religiousAffiliationCode

ClinicalDocument.RecordTarget. PatientRole.Patient.ethnicGroupCode

Message_v2—
7.SegmentPID.PatientName.GivenName

Message_v2—
7.SegmentPID.PatientName.FamilyName.
Surname

Message_v2-7.SegmentPID.DateTimeOfBirth

Message_v2-7.SegmentPID.AdministrativeSex
Message_v2-7.SegmentPID.Race
Message_v2-7.SegmentPID.MaritalStatus

Message_v2-7.SegmentPID.Religion
Message_v2-7.SegmentPID.EthnicGroup

Patient’s name

Patient’s
surname

Patient’s birth
date

Patient’s gender
Patient’s race

Patient's marital
status

Patient’s religion

Patient’s ethnic

group

Figure 3 displays a subset of MoDHE metamodels
related to some entities of HL7 v3 standard. This
metamodel extends the RA metamodel of NDT,
which extends the Class model of UML, as depicted
in Fig. 1. MoDHE metamodel has not been fully de-
scribed since it is out of the scope of this paper and
it would become too extensive, however Figs. 4, 5, 6,
7, 8, 9, 10, and 11 shows an overview of different
metamodels that has been developed, so the reader
can take a picture of MoDHE as a whole.

As Fig. 1 shows, MoDHE metamodels have been de-
fined following the definitions and constraints included
in HL7 standards.

Derivation mechanisms

We can identify common elements when comparing
reference models with the different HL7 standards.
Such elements help defining easy transformations
among entities from one standard into another one.
Then, these elements enable creating partially the
model structure, focused on a specific standard by
taking a model based on a different standard as a ref-
erence. The systematic process to obtain a MoDHE
model from another MoDHE model must consider
the information from the source model and the trans-
formation process that is applied (i.e., how this infor-
mation is transformed, what dependencies among

mapping ¥

Fig. 12 QVT mapping from “Patient” element to “SegmentPID" element
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«metaclass»
Class

+ isActive :Boolean

- Language = NDT Requisitos

HL7-v3-Organization (3]

HL7-v3-Place (4]

standardindustryClassCode :HL7-CD HL7-v3-Entity

mobilelnd :boolean
¢ - addr :HL7-AD

- classCode :HL7-CS

- code :HL7-CD

- quantity :HL7-PQ

- desc :HL7-ED

- statusCode :HL7-CS

HL7-v3-LivingSubject (3]

- administrativeGenderCode :HL7-CD

- birthTime :HL7-TS —
- deceasedInd :boolean

- deceasedTime :HL7-TS
- multipleBirthind :boolean

- determinerCode :HL7-CS

- icon :int = C:\Users\martin...

4’/ - directionsText :HL7-ED
- positionText :HL7-ED

- gpsText :string

HL7-v3-LanguageCommunication ¢3

- languageCode :HL7-CD

- modeCode :HL7-CD

- proficiencyLevelCode :HL7-CD
- preferencelnd :boolean

- multipleBirthOrderNumber :HL7-INT
- organDonorind :boolean

HL7-v3-ManufacturedMaterial §3

- lotNumberText :string

HL7-v3-Material &3

- formCode :HL7-CD

HL7-v3-NonPersonLivingSubject ¢3 HL7-v3-Device (3]

- straingText :HL7-ED
- genderStatusCode :HL7-CD

- manufacturerModelName :HL7-CS
- softwareName :HL7-CS
- localRemoteControlStateCode :HL7-CD

HL7-v3-Person (3]

- maritalStatusCode :HL7-CD

- educationLevelCode :HL7-CD

- livingArrangementCode :HL7-CD
- religiousAffiliationCode :HL7-CD

Fig. 13 MoDHE UML profile implemented in Enterprise Architect (EA)

- alertLevelCode :HL7-CD
- lastCalibrationTime :HL7-CD

HL7-v3-Container (3]

capacityQuantity :HL7-PQ
heightQuantity :HL7-PQ
diameterQuantity :HL7-PQ
capTypeCode :HL7-CD
separatorTypeCode :HL7-CD
barierDeltaQuantity :HL7-PQ
bottomDeltaQuantity :HL7-PQ

information elements exist, and what information is
generated in the output model).

This process, entailing these semantic relations, estab-
lishes a transformation mechanism based on rules to ob-
tain the final model. Thanks to this transformation
process, a correspondence between both metamodels is
set, so that the development process can be automated,
and quality and consistency of models is improved. We
have used QVT (Query/View/Transformation) language
[27] to formally model these transformations. However,
before copying with the formal definition of QVT trans-
formation rules to derivate elements, it is necessary to
identify the correspondence among elements in each
metamodel.

As Fig. 1 displayed, some correspondences among
HL7 standards have been identified.

As an example, Table 1 matches eight of these cor-
respondences between HL7 CDA and HL7 v2x
standards.

Figure 12 shows the QVT function that maps the eight
correspondences included in Table 1.

MoDHE suite

MoDHE Suite is a tool that supports MoDHE reference
framework. It also checks that a practical implementa-
tion of the methodology is performed.

As well as MoDHE methodology extends NDT meth-
odology, MoDHE Suite tool uses NDT Suite tool as a
base.

NDT Suite is a set of open-source software tools de-
veloped to guide the software engineer in the use of
NDT methodology. It covers development, quality con-
trol, maintenance, test and security. NDT Suite uses and
extends UML models following a MDE-based procedure.

With MoDHE metamodel as a reference, which is an
abstract syntax of HL7-based model language, a concrete
syntax has been defined. Thus, UML profiles have been
used with the aim to define new concepts from already
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existing builders in UML, obtaining a more precise and
concrete semantics that is able to model all the existing
and varied HL7 standards. We have extended “RA” re-
quirements from NDT to support different HL7 stan-
dards. A stereotype in UML profile that extends an
UML metaclass is identified from each defined element
in MoDHE metamodels. Particularly, all UML profile
stereotypes of MoDHE extend UML Class metaclass.
This implies that all MoDHE models are designed using
the same visual notation as UML classes.

Figure 13 shows a subset of MoDHE UML profile, cor-
responding to some entities of HL7 CDA standard.
MoDHE UML profile has not been described in depth,
since it is out of the scope of this paper and it would it
would become too extensive.

In addition to UML profile developed in EA, we have
implemented constraints associated to the model lan-
guage, transformations among models, as well as user
interface developed in C# to provide the software engin-
eer a tool to design domain models according to HL7.

Figure 14 shows the global architecture of MoDHE
Suite tool, including UML profile developed in EA to-
gether with constraints, transformations and user inter-
face implemented in C# language. The result is a COM
object, i.e. a DLL file, that manages the use of

(2020) 20:96
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constraints and transformations on a set of UML profiles
developed with the MDG Technologies of Enterprise
Architect.

Results and validation

MoDHE reference framework and MoDHE Suite tool
has been developed for supporting this methodology.
Also, a validation process was carried out, on all the of-
fered functionalities, to confirm the tool was behaving as
expected and did not present any bug. This validation
attended to the results of a research project called Pre-
vensalud. This project develops an interoperability
framework that allows exchanging clinical documents
among the computer system of the University Hospital
“Hospital Virgen del Rocio” in Seville, Spain, and some
external systems from arranged bodies.

Some screenshots from the designing stage of Preven-
salud project has been included in Figs. 15, 16, 17 and
18 as example of the user interface at dissimilar stages.

The functional validation performed consisted in de-
signing HL7 models in Prevensalud scenario using the
UML interface, that MoDHE Suite tool offers. This val-
idation was carried out by comparing the generated HL7
CDA model with the HL7 CDA model used in the
project.

-

Software

Constraints Transformations

UML profiles xﬁ xﬁ

engineer

Data access
module

COM object (DLL) MDG Technologies

|
| |
1 |
; }
t t
| l

ENTERPRISE
ARCHITECT

! 1 Data
= K repository

—
MoDHE

Fig. 14 MoDHE Suite architecture
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<hame>

</name>

</patient>

Fig. 15 Designing Prevensalud scenario (a part of the CDA scheme)

<patient classCode="PSN" determinerCode="INSTANCE">

<given>XXX</given> <!-- Patient’s name -->
<family> XXX </family> <!-- Patient’s first sumame -->
<family> XXX </family> <!-- Patient’s second sumame -->

<sex value="XXX"/> <!—Patient’s sex -
<birthTime value="XXX"/> <!—Patient’s birthdate -->

Such comparison uncovered some differences. There-
fore, the following step was to review in detail the HL7
CDA standard to verify what model was more consistent
with the standard. No errors were found when compar-
ing the model modeled with MoDHE Suite tool with the
standard. However, three kinds of errors were identified
in the CDA model used in this project. Table 2 lists
those errors.

Table 3 shows the errors identified regarding CDA
model in the project. They were classified according to
the categorization defined in Table 2.

The classCode attribute related to the ClinicalDo-
cument class is shown as an example of a
“Mandatory” error. In the Prevensalud CDA guide,
this attribute was not included as part of this class,
although it is mandatory according to CDA
standard.

The legalAuthenticator class is an example of a
“Multiplicity” error. In the CDA guide of Prevensalud,
the legal authenticator cannot be multiple, since its

multiplicity is 0..1. However, Prevensalud CDA offers
multiple ability to the legalAuthenticator class.

The classCode attribute related to the participantRole
class is given as an example of a “Value” error. In the
Prevensalud CDA guide, this attribute is assigned to
values “SDLOC” or “MANU”. Nevertheless, the CDA
standard defines a mandatory value equal to “ROL” to
the classCode attribute as part of the participantRole
class.

The result of this validation evinced the fact that de-
veloping the HL7 model in the project led to some er-
rors that should have been avoided by using MoDHE
Suite tool.

Discussion and future work

MoDHE reference framework offers to the research
community a methodological framework that allows the
software engineer to design HL7 domain models by
using an UML-based interface, to develop maintainable

e

Data | Associations
Sex

|:| Marital status

Patient's sex

[7] Religious affiliation
[7] Race
D Ethnic group

Birthdate Patient's birthdate

~N

MoDHE

Fig. 16 Designing Prevensalud scenario (Data tab in Patient Editor)
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[7 Data \ Associations

Name

[] Birthplace

Fig. 17 Designing Prevensalud scenario (Associations tab in Patient Editor)
A

and adaptable systems, and improves usability and re-
duces the learning curve.

This study has been developed within the lines of work
of two research groups: Web Engineering and Early
Testing (IWT2) and Technological Innovation Unit
(GIT).

IWT2 successfully presents, as one of the main stra-
tegic lines, the combination of the MDE paradigm with
information management in numerous contexts, with
the aim to cope with the identified needs. Working in a
research line dealing with applying the MDE paradigm
allows harmonizing proposals and approaches. In

consequence, the results of a research work support the
hypothesis of subsequent research works, thus progres-
sing jointly. As one of the main goals of this research
lines we can point out the need to offer solutions in the
health engineering framework. This goal is accomplished
in a way that let the software engineer develop solid and
maintainable health information systems through the
MDE paradigm.

GIT presents, as one of its main strategic lines, the use
of health computing standards. The group aims to offer
new knowledge to the research community about the
real benefit that these standards may provide. In some

-

Datos ‘

Part of name: Name Patient's name

Name

Part of name: Designate

Use

Part of name: Kind of element
a
a
a

Period

Fig. 18 Designing Prevensalud scenario (Name Editor)
.
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Table 2 Diverse kinds of errors
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Identifier Error

Mandatory Mandatory element in the standard that has not been included in the model.

Value Element with a mistaken value compared to the standard.

Multiplicity Element with a maximum multiplicity of 1 in the standard and with multiple multiplicity in the model.

projects, the members of GIT have been doing some
tests with some HL7 standards (v2.x, CDA, FHIR,
CCOW, vMR, etc.) and different standards proposed by
other standardization organizations (e.g. OpenEHR, ISO
13606 or ISO 13940). Nowadays, HL7 FHIR (Fast
Healthcare Interoperability Resources) standard is a par-
ticularly important resource to keep in mind in health
information systems development. FHIR combines the
best characteristics of the most used HL7 standards so
far [28-30]. An at once evolution of MoDHE is the in-
clusion of FHIR, metamodeling the structure of re-
sources that FHIR proposes, allowing to the software
engineers develop health information systems based on
FHIR without having knowledge about FHIR. If a spe-
cific system needs to extend FHIR, only a person in the
software engineers’ team must know FHIR deeply to ex-
tend the metamodel and to generate the support that
the rest of engineers could use without know FHIR.

Table 3 Identified errors in the CDA model

Therefore, the development of MoDHE reference frame-
work has been an important achievement for this re-
search line within GIT research group, as they have
offered a robust support to develop HL7 domain models
through a methodology based on the MDE paradigm.
This way, they have reduced the learning curve to the
software engineer who needs to develop HL7 domain
models, and they have also generated maintainable and
adaptable health information systems, by offering an
interface based on UML models.

Furthermore, the present research study has led to
new research lines of work that will be detailed in the
next subsections.

Align HL7 standards with a standard system of concepts

There are standard systems of concepts in the health
context, such as ISO 13940 standard, which define the
list of concepts that could be identified in a specific

Class Attribute Error identifier and detail
ClinicalDocument classCode Mandatory
ClinicalDocument moodCode Mandatory
legalAuthenticator - Multiplicity
OrganizationPartOf  classCode Mandatory
OrganizationPartOf  id Mandatory
AuthoringDevice classCode Mandatory

AuthoringDevice determinerCode Mandatory

ParentDocument classCode Mandatory
ParentDocument moodCode Mandatory
inFulfillmentOF typeCode Mandatory
Order classCode Mandatory
Order moodCode Mandatory
ManufacturedProduct classCode Mandatory
Material classCode Mandatory
Material determinerCode Mandatory
consumable typeCode Mandatory
product typeCode Mandatory
PlayingEntity determinerCode Mandatory
PlayingEntity classCode
"MMAT".

participantRole classCode

or "MANU".

Value. The standard defines a mandatory value equal to “ENT". The implementation guide defines “PLC" or

Value. The standard defines a mandatory value equal to “ROL". The implementation guide defines “SDLOC"
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scenario. Aligning the concepts used in HL7 standards
with this kind of system of concepts is a complex and te-
dious task.

However, as MoDHE reference model has been devel-
oped following a methodology based on MDE, relations
between concepts used in HL7-based model languages,
and those included in the system of concepts, could be
identified. Therefore, they would play the role of aligning
the concepts used in HL7, as well as in the system of
concepts in a more simple and maintainable way.

The Alignment concepts included in HL7 standards
and in a system of concepts is a complementary research
line, that could be further developed in the future.

In addition, an online, public and complete version of
MoDHE will be published to make it available to the sci-
entific community as complementary material.

Certify the conformance of existent HL7 models

For years, lots of health information systems were devel-
oped designing HL7-based domain models, without any
supporting methodology that guarantee conformity of
these domain models in the use of HL7 standards.

An interesting research work, that appears from the
present research line, is the lack of mechanisms for ex-
istent HL7-based domain models to certify their con-
formity in the use of HL7 standards.

It would be interesting for HL7 to have a methodology
that enables validating a domain model design, using the
rules defined in at least one HL7 standard. This method
could begin by designing a certification process for
current HL7-based health information systems.

Conclusions

The present research line has been developed with the
challenge to help software engineers’ community design
domain models in UML conforming to HL7, using the
MDE paradigm. The pursued scenario is to approach
domain models of HL7-based health information sys-
tems with UML design, focusing on the richness and
wide use that UML entails within that community.

The present methodology proposes to support the de-
sign of HL7 domain models using UML models through a
model-driven solution. Therefore, a software engineer
without any knowledge about HL7 standards can model
the project’s requirements as well as HL7 standards rules,
its recommendations, and constraints for HL7-based
health information systems by using UML elements. It is
intended to distribute the produced framework by making
it available for the HL7 community from the material pub-
lished in our PhD Thesis [31].
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