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Abstract. Clinical Decision Support Systems (CDSS) have gaimdelance
due to their potential to support patient-centacec but their deployment still
has to overcome barriers to become successfulobitese barriers is the inte-
gration of patient data with the CDSS engine, alochallenge given the need
to address interoperability with many different siig systems and medical
devices. The MobiGuide project aims to build sucBRSS, providing guide-
line-based clinical decision support through a &eab Health Record (PHR).
This PHR is the main component through which the CP&8d access patient
data originating from hospital EMRs and wearablesees) but it also contains
the log of the recommendations provided by the CD&#g a case study, we
compare data-representation standards through whéPHR could be devel-
oped, while considering expressiveness and usaleiiuirements. We propose
to develop the PHR by combining openEHR archetypestha HL7 Virtual
Medical Record standard, supported by a servicenieframework for data
exchange. This proposal aims to close the gap leetwbe HL7 and the
ISO/CEN 13606 by using an openEHR-based approach.
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1 Introduction

Recent work in the area of Medical Informatics $upgests that the development and
deployment of CDSS in Healthcare Organizations imilbrove patient-centric care,
while providing the possibility of carrying out glked decision making processes be-
tween patients and physicians. On the other hdnd, dgreed that this will not be
feasible without overcoming traditional barriers fbe integration of different patient
data [2] that can be found scattered throughodemdint Information Systems, like
Electronic Medical Records (EMR), or more dynanlicajenerated from patient-
worn mobile sensors connected to Body Area Netw(BKeNSs).

Besides the traditional terminology standardizat&sues mentioned in [2], where
different coding specifications can be used togesan agreed code to a specific clin-
ical concept, further technical and semantic aspgtobuld be considered when devel-
oping a CDSS, where other complex interactions eetwdifferent system compo-
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nents can usually be needed. Concretely, diffeseamdards for both the representa-
tion and exchange of clinical data between diffesyistems have been developed in
the last two decades. Initially, these standard®wesigned considering the technical
and computational issues of clinical data managerfeeg., the HL7 v2.x message

standard). While this has been a first big chaketogovercome for the adoption of IT

systems in healthcare, these standards are naghsteawardly usable by humans,

thus they are not optimal for data representafl¢rerefore, new standards following

a higher abstraction level were developed recegtlsen the need of stakeholders to
manage and interact with data. Some examples andastds based on the HL7 RIM

(like HL7 CDA [3] or HL7 vMR), or detailed clinicahodels like archetypes [4].

Different stakeholders are involved in the procgfsdeveloping a CDSS. Consider
the case study of a knowledge engineer who is argehof modeling a computer-
interpretable guideline (CIG) for a concrete digeabhis CIG will constitute the
knowledge base for a guideline-based CDSS. The leitge modeling step entails
the representation of decision criteria relatingctimical abstractions (e.g., ‘if the
patient is taking an oral anti-diabetic medicatamd has blood pressure higher than
the goal level, take step A, otherwise take stép Bhen a CIG is enacted by a CIG
engine, data needs to be acquired from the PHResmonding to the lower-level
CIG concepts so that the CIG's decision critereaeraluated. The PHR data can be
much more specific than the one needed by the ljdddor example, the CIG may
evaluate if the patient is taking an anti-diabetiedication, whereas the PHR may
hold different codes for specific medications wpthrticular dosage.

Mapping CIG knowledge to raw PHR data involves mben one-to-one mapping
of CIG concepts to PHR data codes. The mappings[&]knowledge-data integration
problem, where high-level concepts (e.g. ‘high bigwessure’) need to be linked to
low-level data (e.g., systolic and diastolic BPuea), whose evaluation will deter-
mine if the pressure is high or not. Such knowlettge defines abstract concepts in
terms of more concrete concepts can be definech®yCiG modeler as part of the
CIG Knowledge Base (KB) or as part of the mappirigy K

Furthermore, the potential of having the patiebrimation scattered throughout
several information systems or devices makes iefienl to use a PHR which stores
not only clinical data but also recommendationspouty the CDSS. The type of
PHR to be developed is known asegrated or interconnected PHR [6], since the
data imported may be generated in different holspitmedical devices, etc., and
where the patient and the physicians (and possithlgr roles likes nurses or patient
relatives supporting the care process) are allowegnter information into selected
areas of the record. The data stored in the PHRIghater be viewed, searched, and
analyzed (e.g., for compliance, for finding pat®rby clinical staff, patients, and
researchers. Therefore, the data should be proudadvay that is understandable for
these stakeholders. In such scenario, not onlyethesentation of data is relevant but
also the interfaces provided for external systemadcess and exchange data. Even
for the mapping task and the exchange of data,ngpoehensible and intuitive data
model is needed in order to help the guideline resd¢he database administrator,
and the clinical expert work together to definereot mappings from knowledge to
data.



This paper aims to address the selection of climiata standards for the design of
such a PHR in order to 1) integrate and represatieénd information from different
sources, considering not only relevant literatimat, also real market needs, and 2)
facilitate the integration of patient data with aideline-based CDSS and also the
representation of CDSS output information, consideithe different stakeholders
involved in the process of designing and settinghgpsystem. The project where this
study is framed is described next.

The MobiGuide project (FP7-287811, www.mobiguidejpct.eu) aims to build a
guideline-based CDSS supported by the Asbru largaad tools [7], initially cover-
ing the domains of Gestational Diabetes Mellitu®§® and Atrial Fibrillation (AF),
but aimed to be portable to other domains in theréu One of the project’s challeng-
es is the integrated representation of differentrc®s of patient-related information.
By integrating patient data into a PHR, MobiGuidmsato have access to more dy-
namic information than the hospitals’ EMRs usuafiglude, thus being closer to
provide patient-centric decision support. This guttidata can be related to several
aspects of the evaluation of the patient condittamsidering both inputs and outputs
of the MobiGuide system: the clinical history oétpatient (e.g., previous diseases or
conditions), his/her socio-demographic aspects.,(emvironment, habits or family
support), the information coming from different read sensors in order to monitor
and evaluate the actual patient condition (e.@odlpressure, physical activity moni-
toring), specific knowledge abstractions derivednirinference processes made by
the system components, or guideline-based recomatiend and instructions provid-
ed as output by the system.

For this aim, data integration is a critical issand needs to be addressed accord-
ing to the variety of data and information, butalsr the purpose of providing deci-
sion support, given the nature of the MobiGuidejgub This differs substantially
from other projects where the effort is directedst@re patient summaries among
organizations, like the epSOS initiative (www.epsag which aims to provide cross-
border services (like e-prescription) for citizéresvelling across Europe.

The rest of the paper is structured as followstiGe@ describes the standards se-
lected for evaluation and the experiments carried $ection 3 includes the evalua-
tion of the standards, Section 4 describes oupqwal, Section 5 shows related work
and Section 6 includes a discussion and presentsomclusions.

2 Materials and M ethods

In this section we describe the different standahd¢ we have evaluated for data
representation in the PHR, the ISO/CEN 13606 Ewppseorm for Healthcare IT
systems, and finally the experiments carried owtrder to ground our decision.

2.1 Possble Standardsfor the PHR

In Section 4, we evaluate different clinical stamidaavailable regarding the represen-
tation of patient data, without losing sight of tilfluence they could have on the
interoperability of the system components. Giveat tifhe MobiGuide system is de-



signed following a distributed architecture, weeimd to support data exchange by
using standard service-oriented interfaces (e.gAB@ RESTful web services).

HL7 RIM and HL7 vMR (www.hl7.org). The HL7 Reference Information Model
(RIM) is the cornerstone of the HL7 v3.x developmprocess. It is a model shared
among all clinical domains. The RIM is an ANSI (Ancan National Standards Insti-
tute) approved standard and it is also adoptedSy (International Organization of
Standardization), concretely ISO/HL7 21731:2006thAthe RIM, it is very simple to
express any fragment of patient data, as can benadasinFig. 1(a).

HL7 Virtual Medical Record (VMR) is a recent stardigderived from the RIM)
especially designed for the purpose of integratiatient data with CDSS. The group
in charge of this standard conducted a multi-ingthal analysis of CDSS data needs
[8] encompassing twenty CDSSs from four nationsictvlincluded both large-scale
home-grown CDSSs and a number of commercial CDSSs.
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Fig. 1. (a) An example of an HL7 RIM frame representingearhrate measurement, and (b) an
example of an HL7 vMR frame representing a CDSS receendation for the administration of
the substance ‘Celestone’ twice a day for 2 dayisguarotégé, http://protege.standford.edu)

HL7 CDA version 2. HL7 CDA (the Clinical Document Architecture [3],esexam-
ple inFig. 2) is an XML standard that specifies the structuré semantics of clinical
documents for the purpose of exchange. CDA vergianfocused on structured con-
tent, so that it enables the formal representaifariinical statements by means of the
CDA ‘entry’ element, which also conforms to the RI@nly the narrative blocks
required are not based on the RIM, as they stosguntured content. CDA was orig-
inally intended as a standardized way of commuimgatlinical notes, but the user



community has utilized it as a persistence modetas It can also be enhanced by
HL7 templates, used to refine these existing modéls a focused scope or domain.

{} title Wital Signz
- entry
« observation
= classCode 0BS
= moodCode EVN
code
= code 384075005
= codeSystem 2.16.840.1.113883.5.96
= codeSystemMNa... Snomed-CT
= displayName Heart rate

¥ statusCode code=completed
effectiveTime
:| = value 20111215
value
= xsistype RTO_PQ_PQ
= numerator value=50
— - > denominator value=1 uni=min

Fig. 2. An example of an HL7 CDA representation of a hestd measurement (using the XML
grid view of XMLSpy, http://www.altova.com/xmlspytrnl)

OpenEHR Archetypes. The most distinctive feature of the openEHR stathdar
(www.openehr.org) is tharchetype. Via archetypes [9], a separation between clinical
concerns and the technical design of data stormgeaide possible usirgvo-level
modeling. While the first level model takes care of tieehnical concerns and deals
with the information structure and data types usangunderlying Reference Model
(RM), the second level handles the concerns otlinecal domains, which are about
how to represent and communicate samantics of the clinical content. Archetypes
can be designed from scratch, or adapted from sta®x ones. Furthermore, differ-
ent archetypes can be aggregated into one by nufaarghetypes templates, which
also support semi-automatic derivation of usenfates.

2.2 ThelSO/CEN 13606 Norm

This multi-part standard [10], include terminologgcurity and interface considera-
tions for the standardized exchange of Electrongalth Records, and concerning
information modeling, it propose to use a dual nindeapproach [4, 9] without spec-
ifying the format (either the openEHR model or tBBA combined with templates
are expected to be possibilities in this sense. [Hbwever, EN13606 does not pro-
vide all the requirements to create EHR systenstedd, it is more directed to com-
munication of EHR extracts between components,itadefines a detailed and flexi-
ble authorization-mechanism, usable in almost aggall situation worldwide. CEN
acknowledges the fact that standards like openEHRLF RIM can provide the se-
mantic level for representing patient data, sortbfort has been directed to align the
13606 standard with both initiatives, instead gintg to develop yet another data
standard. As described in Section 9.5 of [12], Giigfhed a Memorandum of Under-



standing (MoU) with HL7 for aligning the CEN infoation model and the RIM,
another MoU with openEHR to adopt the archetypeceph On the basis of these
agreements, the RIM has been also influencing bpgnEHR and CEN reference
models. For these reasons, we didn't evaluateSKFCEN 13606 capability for the
semantic representation of patient-related infolwnatan issue it does not address
properly [11]). Instead we checked if the guidedirikat this norm propose regarding
1) the use of a two-level modeling approach andeZurity concerns, could be ade-
quately followed by using the data standards evetlian Section 2.1 (e.qg., security is
not addressed by HL7 or openEHR, which delegate ibe solved during system
deployment). Thus, it is also our intention that Holution proposed will comply with
the requirements and standards of the enlargedoEaromarket.

2.3  Experiments

In order to support a decision about the standard® used in MobiGuide, we used
the following examples to represent several concpetiient data items with the dif-
ferent standards described previously in Sectién 2

e EMR data (quantitative): Heart rate result: 60 bpm measured on 19/12/2011.

e EMR data (qualitative): Brother of patient X has diagnosis of "Myocardiai
farction”, recorded on 19/12/2011.

e BAN data: Heart rate waveform: heart rate results recorelegty second for 5
minutes starting at 8 a.m. on 19/12/2011.

e Abstraction: Tachycardia (e.g., heart_rate > 115 bpm) durieginterval of 8:00-
8:30 on 19/12/2011.

e Decision-support: the next recommendations were given at 8am ofh212011:
(1) measure serum urea every 3 days; (2) hosmtphtient now; (3) perform echo
umbilical 2-3 weekly; (4) give celestone 12mg 2dsrevery 24hr for 2 days.

Fig. 1(a) andFig. 2 show how the first observation can be represemsatyy the HL7
RIM and CDA respectively. HL7 RIM uses thAet_code attribute to refer to the sub-
ject of the observation (heart rate and its codenfia controlled vocabulary), the
mood code to refer to a recorded event (of heart rate) vhae to report 60 bpm, and
thecritical_time to refer to the observation's date. CDA has a@edbr vital signs.
In it there are entries about observations. As dondL7 RIM, CDA specifies the
observation using similar attributes. Archetypeseha more flexible structure than
HL7 RIM-based models thus different modeling stytesy be used to create them.
While the VMR is available as an XML schema, werespnted the VMR classess
archetypes, since our proposal is linked to threlnéal solution, as further described
in Section 4. We created 22 high-level archetyysneg LinkEHR [13] correspond-
ing to the HL7 vMR classes (e.g. encounters, olagiems, problems, procedures,
substance administrations, etc.), which we utilizedrepresent the examples. In

! See the VMR model attp://wiki.hi7.org/index.php?titie=Virtual_MedicaRecord_(VMR)



Fig.3 (left) we see the openEHR composition approacte different information
about observations is grouped by using a “compositiwhere the “archetype slots”
are linked to other (4 in our case) fine-graineddolevel archetypes, based on other
VMR classes. (a) “Observation Order” archetypesisduto represent an order to con-
duct an observation, such as a laboratory test'@bfservation Proposal” can be
used to represent recommendations e.g., by a Cid6E8n observation to take place.
(c) “unconducted observation” can be used to irtdithat an observation was not
made (e.g., ‘alcohol addiction’ was not assesséu}he example selected, we repre-
sented the result of an observation (heart ratepdf) by means of (d) “Observation
Result archetype”, shown Fig.3 (right). The figure points to values of the atttibs
observationValue (60bpm), observationEventTime 22011), and observationFo-
cus (which holds the vocabulary code for Heart RB&8875005, from SNOMED).
Further information can be specified, like the iptetation value (e.g., is the meas-
urement value considered high or low?), the body waere the measurement was
taken (linking to the “Target Body Site” archetypej the observationMethod (e.g.,
was a direct measurement or an indirect calculation
@ o.penEHR-EHR-EVALUATION.mobiguide_observation_resuk.vl
4 ¢ Definition
4 @ mobiguide_observation_result {1}
4 = data (Obligatory)
4 @ ITEM_TREE [2t0003] {0..1}
4 [33) items [0..*] (Optional)

4 @ interpretation {0..1}
4 [u] value (Optional)

4 @ openEHR-EHR-COMPOSITION.mobiguide_observations.v1
4 { Definition
4 @ Mobiguide Observation Base {1}
4 = category (Obligatory)
4 @ DV_CODED_TEXT [at0001] {0.1}
4 = defining_code (Obligatory)
& CodePhrase

138875005

4 3% content [0.*] (Obligatory)

@ interpretation {1}

(a.) 4 @ Observation Orders {0..*} “e ?_bs_erva"""liase(o‘_‘.}
i items 0.7] Optional 4 1% items [1.”] (Obligatory)
4 =10 : ® Archetype Slot: TargetfBody Site
[ Archetype Slot: Observation Order 4@ ob ionFocus {
(b) 4 @ Observation Proposals {0..*} 4 [u] value (Optional)
4 [22) items [0..%] (Optional) 19/11/2011 @ DV_CODED_TEXT [a10101] {1}
® Archetype Slot: Observation Proposal 4 @ observationMethod {0..1}
(d) Observation Results {0..] 4 [#] value (OP"°"’”T -
@ Archetype Slot: Observation Res 4 [#] value (Optional)
(C) 4 @ Unconducted Ubservations {0.."} @ observationEventTime {0..1}
4 [::] items [0..*] (Optional) 4 @ observationValue {0..}
[ Archetype Slot: Unconducted Observation [#] value (Optional)
# Ontology #. Ontology

5
8 Language & Language

60 bpm

Fig.3. Composition representing encounter-related inféionahrough different Observation
Archetypes (left). Observation Result Archetyperespnting a heart rate measurement (right)

Fig. 1(b) represents the recommendation: “give celestonegl2times every 24h for
the next 2 days”. HL7 vMR includes classes for espnting recommendations pro-
posed by a CDSS, e.g. ‘SubstanceAdministrationPalpolass, shown ifig. 1(b).

It is important to highlight that although the séexamples selected might not en-

compass all the possible data types that need tefresented when developing a
generic CDSS like MobiGuide, we considered it reprgative enough for our aims
of evaluating the aspects later commented in Se&id his derives from the fact that
we are not only evaluating expressiveness of aretmstandard to represent the ex-
amples, but also factors which are related to Hwevstandard facilitates building a



CDSS, how the information is structured and hovs thifects the knowledge-data
mapping process, or what mechanisms it providesdanantic data integration. Fur-
thermore, we will show that our solution is basedaostandard that already encom-
passed a more extensive study about expressivesggisements during its develop-
ment, which makes us trust in the robustness ofieaision.

3 Evaluation

In this section we evaluate the standards usirtgriirelating toback-end (where
the data is actually represented and stored¥momd-end (1. the data exchange inter-
faces between the EMRs and medical devices anéHife and 2. the conceptual link
of the DSS component with the PHR, where knowledgg mappings will be de-
fined and used for the CIG interpretation) inteecAs we already commented, not
only the representation of data in the back-end v@lrelevant in our study, but also
how it affects the development of the CDSS. Thdhésreason to also include evalua-
tion of the front-end interfaces. We consider oggREand HL7 CDA for both front-
end and back-end, but focus on HL7 RIM for the bacn#l, and HL7 vMR (which is
actually a subset of the RIM) for the front-enchcsi the latter is specifically designed
for data integration with CDSS, but can also beduse integration of data from the
EMRs to the PHR, as will be shown.

The first criterion for evaluation is thexpressiveness of the standards. We have
checked five different examples, where a considerabt of typical patient data (and
CDSS recommendations) attributes was representattrétely, we have represented
up to_11 different data aspectame-specific observations (e.g. heart rateperiodic
observations (waveform heart rate) includingeriodic temporal patterns (every
second for 5 minuteslates and times, abstractions (e.g. tachycardiay,ecommen-
dations for periodic observations (e.g. measure serum urea every 3 daye)e-
specific instructions (hospitalize patientinstructions with several iterations (per-
form echo umbilical 2-3 times a weelgybstance administrations specifyingsub-
stance (celestone 12 mg), and tiperiodic pattern for this recommendation by
means of frequency and duration (every 24h dutirgrtext 2 days). We considered
good support when the standard was able to regraieéhese attributes.

The evaluated standards’ RMs (that of openEHR and RIM) have been devel-
oped for more than a decade, addressing many elifferse cases, so they support all
the data types we intended to represent. As comadeureviously in Section 2.2, the
harmonization efforts between openEHR and HL7 ignaheir respective RMs are a
fact (by means of the agreement CEN-HL7, since @Edyoses using a subset of the
openEHR RM). Thus, not many differences can bedduarthe ability to represent all
the constellation of data types with both standaimigact, some work has been car-
ried out in order to identify the equivalences tesw openEHR and HL7 data types
and specific agreements were signed recently (A012) between openEHR and
HL7 New Zealand to progress on this and other ssue

2 http://wiki.hl7.org/index.php?titte=OpenEHR_datatgp mapping



Focusing on aspects specifically related to fitent-end interfaces, one of the
most important criterions to evaluateuser-friendliness. First, this aspect should be
interpreted as the suitability of the standard’scaptual model for representing clini-
cal guideline data, which is relevant for the knedge-mapping requirement. For this
criterion, the vMR standard is the one that prosidlee best support. This derives
from the fact that it has been designed for clinitsscision support, and its conceptual
model is very similar to what the physicians aredu® (e.g. observations, problems,
procedures, or clinical assessments and recommensdor care plans). Second,
based on our experience, knowledge engineers aaliad® administrators can under-
stand it quite straightforwardly, since it encongessa small set of classes with at-
tributes clearly defined in HL7 documentation, avitere all types of patient data are
instances of these classes; this user-friendliséssild enable hospitals to connect
with and use our system. Note that this differsmfrosing archetypes created from
scratch for a specific purpose, for which theradspredefined structure, hence each
data item could be defined differently. Consideritigr CDA does not seems a good
choice in this case, since this standard was ateatetore EHR extracts (documents)
and no appropriate distinction is done in the saatidor representing recommenda-
tions provided by the CDSS. A concrete data itemldimeed to be found during the
knowledge-mapping step within complex XML-basedutoents, which can be really
challenging and inefficient. What's more, a VMR l&&n used in other projects shar-
ing our same goal (see Section 5). Note thatdtiisrion is related to the evaluation
of “easiness to represent data in the back-encriexi later in this section.

Finally, a third important criterion to evaluatetig ability to link with the back-
end. This includes (1) data from EMRs and medical devifront-end needs to be
stored in the back-end and (2) concepts from CIEY front-end) need to be linked
to data represented in the back-end. In this sarseg openEHR archetypes in the
backend for representing the vMR classes is thedmtstion we found since on one
side, archetypes provide a high flexibility for pitide adaptations of the VMR that
might be needed (e.g., complex data like ECGs) andhe other side, the conceptual
linking between the guideline concepts and a vMBedaPHR is possible and more
comprehensible than using either CDA or conceptifipearchetypes (as the ones
found traditionally in the openEHR Clinical Knowlgel Manager). Furthermore, us-
ing an archetype-based representation of the viMRdstrd, we keep compliance with
the ISO/CEN 13606 norm, sharing the two-level miodeapproach view.

Regarding theback-end, we checked several functional and non-functicamsl
pects. As functional aspects, we checkedetize to represent data and toextend the
standard. For this aspect, the learning curve, the documiemtaand how explicit was
the representation of a specific data aspect ih standard (of the 11 aspects com-
mented before), plus our personal experience wapeesenting them were key issues
to evaluate. Another functional aspect checked tvagrovision of functionality for
semantic integration (i.e., querying interfaces and support for vocaliak). We don't
consider HL7 CDA as the best suitable option, nyabdcause it has a high learning
curve, and it uses a complex representation fo(ogtally based on XML), nor it is
trivial to extend it. Furthermore, we found that jitrovision of semantic integration is
not as good as the one provided by openEHR, asiexpl below. On the other hand,



while the HL7 RIM provides ease to represent anrek the standard, openEHR
outperforms it in terms of semantic integrationdumnalities; it provides a powerful
mechanism to support vocabularies (by means oftbbetypes’ ontology section),
and the querying of data can be enhanced by usicigefype Query Language (AQL)
supported by a Service Oriented Architecture (S@#4rally, openEHR can make the
most of the two-level modeling approach, where sterage can be selected inde-
pendently of the high-level archetypes represeamativhich makes it more flexible
by separating both layers, which also improveddbdity to represent data.

As non-functional aspects, the evaluationsedurity and privacy (authentication,
authorization, and audit trail) was not possibie¢cs the openEHR and HL7 standards
don't include consideration of such aspects, degvits support to concrete imple-
mentation. Given this lack of support and thevatee of considering these issues in
our project, we considered beneficial using an &ptR-based middleware provided
by a partner of our project that aims to suppoet $bcurity guidelines suggested by
the ISO/CEN 13606 norm. Another aspect to checkcaability, in terms of the
number of users and simultaneous access and tf@mance of the system. This
aspect is not covered by the standards and alssndsmn implementation. Although
we did not conduct experiments, the mentioned opiEtvBased middleware can be
deployed using load balancing techniques and it lbanconnected to a high-
performance NoSQL database as low-level data imnéretsire.
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Fig. 4. A simplified view of frontend and backend intedgador the PHR, EMRs and BAN

4  Selection of Standards Proposed

Based on the previous evaluation, our proposah$eth on two main pillars. First, the
HL7 vMR structure is ideal to address the differront-end implementation needs.
Second, using openEHR archetypes designed follothi@gtructure of the HL7 vMR
is ideal for addressing the back-end needs antablk-end/front-end communication.
Fig. 4 shows a schema of all the proposed interfaces.

If we first analyze thdront-end interface of the different EMRs with the system,
requiring the hospitals that would like to use Mdbide to export their data follow-
ing the HL7 VMR standard is technically affordatdeneficial for commercialization,
simplicity and standardization. This occurs becanfsthe similarities that the vVMR
shares with the models usually represented in MRS (i.e., hospital EMRs nor-



mally have sections for problem list, laboratorgtteesults, medications, allergies,
etc., as the vMR classes). This means that a tatafound in a particular EMR can
be easily mapped to a VMR class without effort.ddelc the HL7 working group in
charge of this standard is developing implememntagioidelines for transforming HL7
v2.x messages to and from the vMR model (and aldmm CDA messages). This is
very relevant, since it is a known fact that massgitals are able to export messages
in such a way. This would simplify tremendously fitecess of exporting patient data
from new hospitals that want to use MobiGuide t® ¥R service model. Further-
more, the VMR standard not only has defined inpasses, but also output classes
that can be used in order to represent and ineegestommendations given by the
CDSS back into the hospitals’ EMRs. What's more, @nalysis of data needs under-
taken by the HL7 vMR standard work group in [8] qudees that it can cope with
the versatility required for the representatiorindbrmation needed for building such
a system. Finally, the waveform data coming frondited devices, or abstractions
derived from this data (e.g., AF episodes lastimgidute), could be represented using
archetypes, which is important for the design effHR in the MobiGuide system.

Looking at the other front-end side, thenceptual mapping between the CIGs
Knowledge Base used by the DSS and the PHR, we propose to develop openEHR
archetypes, designed to comply with the structdrdn® HL7 VMR classes, specially
designed for the goal of supporting CDSS. This jgles a straightforward way of
linking concepts represented in the CIGs to rava dapresented through archetypes
so that, by using the HL7 vMR class structure, wargntee that the knowledge engi-
neers in charge of linking raw data between bothpanents will be familiar with the
target structure, arranged in a very natural amdpzehensible way. It is important to
realize that the process of exporting data fromBhtRs to the openEHR vMR-based
PHR would be a realizable process, also highlyaielesfor new customers. First, as
commented before, the mapping of data types betweropenEHR and the HL7
RIM has been proved to be possible (see SectioB&jond, the export of data from
HL7 messages to the VMR will be feasible, thankshto guideline that is being de-
veloped by the HL7 working group in charge of tihdR/standard. Third, the result of
the previous export process is straightforwardlifegnated into the corresponding
openEHR archetypes, given that the mapping of tgi@s is possible, as stated be-
fore, and the structure of the archetypes is theesgMR classes).

Finally, analyzing the back-end requirements, usimghetypes has many ad-
vantages. First, they can be easily connected yaradical vocabulary needed. Fur-
thermore, an openEHR infrastructure can providesiy ypowerful query language
(AQL), where data values can be retrieved to femtlsupport DSS in a smarter way
than using XML-based query languages, making iteeas build more complex que-
ries. From a pragmatic viewpoint for the MobiGuidi®ject, the openEHR middle-
ware available from one of the partners providdsaudit trail, versioning and au-
thorization following the ISO/CEN 13606 norm. Isalprovides SOAP and RESTful
web services, very convenient in integration sdesaWhat's more, for the case of
future needs of interoperability of the PHR withtegxal systems, export and import
of openEHR data to/from other standards like HL&sages is possible, and can be
simplified by means of open source integration famrks (e.g., Mirth Connect,



http://www.mirthcorp.com/products/mirth-connecthig improves the possibilities of
integrating the DSS recommendations back into thepitals EMRs. Finally, think-
ing on a world-wide view, the alignment of diffetemorms like HL7, openEHR, and
EN13606 is a very interesting objective of datagnation research. We think that the
proposal of using openEHR on the back-end, (usm@gS®/CEN 13606 compliant
component), and the HL7 vMR on the side of the EMRt®rfaces, could be very
promising since it would demonstrate how all thirgidatives could be integrated to
pursue a common direction for world-wide interopdity for CDSS.

5 Related Work

Several projects have focused on the goal of ddtgiation for supporting CDSS.
One of the pioneering projects was the Virtual MatliRecord developed originally
in 2001 [14], which is the base of the HL7 vMRm&tard (see Subsection 2.1). It was
aimed to ease the process of mapping guidelineermtatiata items evaluated by
CDSS, allowing decision, eligibility criteria ancfpent states to be defined in guide-
line models, by referencing to the vMR rather th@aspecific EMRs. Projects such as
KDOM [5] or openCDS (www.opencds.org) also use aRviiodel to achieve their
goals. The purpose of the KDOM framework [5] isattow specifying CIGs that refer
to clinical abstractions, while using the framewddk map the abstractions to the
schema used by different EMRs. These mappings efieed as instances of an on-
tology of abstract mapping classes, so that SQliegiean be automatically generat-
ed from these instances. To reduce the effort qfpimy a CIG to several, a VMR is
defined and used as common data model for the ENMIRs purpose of the openCDS
project (www.opencds.org) is to develop a SOA-bametiitecture for the integration
of a CDSS with a common information model. This elad the HL7 vMR standard,
and openCDS is actually its reference implementatio

Other projects have focused their interest inaitij archetypes for the integration
of patient data. LInkEHR [13] is a tool developed éditing archetypes, using differ-
ent RMs. It is also able to automatically gened&@uery transformations from map-
ping functions, in order to link archetypes to &rg EMR Schema. Marcos et al. [4]
presented an archetype-based integration of Cl@sEdRs by using the LinkEHR
tool and transformations, using existing openEHghetypes that needed to be previ-
ously adapted to the concepts found in the CIGgnGH al. [15] presented a way to
use archetypes and logic rules, expressed usin@&Lfor the definition of CIGs.
They proposed to access the patient data by iritegrAQL queries into the expres-
sions evaluated by the CLIPS rules engine. Note dha proposal tries for the first
time to integrate both approaches (archetypes proftdche HL7 vMR model), in or-
der to take advantage of best features offeredolly tmechanisms.

6 Discussion and Conclusions

It is usually stressed that archetypes are a gaathamism for representing clinical
concepts, and they have been usually reportedeititérature as a means to specify



concepts in specific clinical domains. These anghest can be later combined by
using templates, and they have been utilized feigaéng new EMRs, improving the
easy generation of user interfaces, or supportiegnigration of proprietary EMRSs,
as shown in [16]. We agree that archetypes prozigewerful and flexible mecha-
nism when representing clinical information, andtliis paper we have presented
other significant advantages of using the dual ringeapproach and the ISO/CEN
13606 norm. However, we think that the way they designed and used would need
to be re-evaluated when thinking on developindoaain-independent guideline-
based CDSS, as in the case of MobiGuide. For suelska where specific raw data
needs to be mapped between the CIG Knowledge Bak¢ha PHR archetypes en-
tries, we think that using a predefined set ofisteisses that are easy to understand
(like the ones provided by the HL7 vMR standard}tmy knowledge engineers would
be the best solution. This way, the target strigcused to link different guidelines
concepts to raw data is always the same, and sgetfign of the PHR is not affected
when porting the system to different clinical dongor customers’ organizations.

The integration of patient data for the succes$égloyment of CDSS needs to ad-
vance in order to be done in a standardized, useidr-friendly, and distributed
manner, in order to simplify the data exchange datd representation between all the
components involved in such a system. This is afughen having different sources
of patient information that should be integratei ian interconnected PHR [6].

Therefore, we have presented an approach to cahesuch complexity. After re-
viewing several standards that could be used fta dgpresentation and evaluating
them against a set of relevant criteria, we seteetesolution that meets all criteria
examined. In this proposal, the same set of openBHRetypes can be used as a
back-end and front-end to the PHR, by conforminghte structure of the HL7 vMR
classes, as described in the experiments of Se2ttrBy using this mechanism we
aim to propose a design for PHRs sustainable tlirdinge, usable and portable to
different domains, and which is supported on stedgléhat have been properly de-
signed for decision support [17]. At the same tiwe take advantage of powerful
features provided by the two-level modeling apphoaescribed through the paper.

The next stage of the project is committed to detlig PHR considering more ex-
amples of real data needed in the scenarios mexti@@DM and AF), further check-
ing the viability of this proposal. We also plan design a new interface for the
KDOM tool [5] in order to follow a SOA approach, raeecting to the PHR SOAP-
based interfaces that the openEHR middleware pesvid
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