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Abstract

Objectives. Delivering patient-specific decision-support based on computer-interpretable
guidelines (CIGs) requires mapping CIG clinical statements (data items, clinical
recommendations) into patients’ data. This is most effectively done via intermediate data schemas,
which enable querying the data according to the semantics of a shared standard intermediate
schema. This study aims to evaluate the use of HL7 virtual medical record (vMR) and openEHR
archetypes as intermediate schemas for capturing clinical statements from CIGs that are mappable

to electronic health records (EHRs) containing patient data and patient-specific recommendations.

Methods. Using qualitative research methods, we analyzed the encoding of ten representative
clinical statements taken from two CIGs used in real decision-support systems into two health
information models (openEHR archetypes and HL7 vMR instances) by four experienced

informaticians.

Results. Discussion among the modelers about each case study example greatly increased our
understanding of the capabilities of these standards, which we share in this educational paper.
Differing in content and structure, the openEHR archetypes were found to contain a greater level
of representational detail and structure while the vMR representations took fewer steps to

complete.

Conclusions. The use of openEHR in the encoding of CIG clinical statements could potentially
facilitate applications other than decision-support, including intelligent data analysis and
integration of additional properties of data items from existing EHRs. On the other hand, due to
their smaller size and fewer details, the use of VMR potentially supports quicker mapping of EHR

data into clinical statements.

Keywords: clinical decision-support systems, clinical guidelines, computer-
interpretable guidelines, data integration, openEHR archetypes, HL7 virtual
Medical Record (vMR)

Introduction

Computer-interpretable guidelines (CIGs)[ 1] are promising tools for delivering
patient-specific decision support effectively. Their implementation requires
mapping CIG knowledge to patient data. The knowledge consists of clinical
statements used in CIG tasks (e.g., decisions, actions) that refer to clinical
concepts (e.g., blood pressure). In ubiquitous decision-support systems (DSS)[2],
EHRs go beyond the core EHR[3] including also sensor-acquired data, patients’



self-reported data, and DSS-generated recommendations and abstractions. The
medical concept’s level of abstraction, and the terminology used by the CIG and
its data sources often differ, hence a mapping between the global CIG schema and
the local schemas should be established[4]. This allows the CIG to be executed for
a specific patient. To aid in the mapping task, using an intermediate (mediated)
schema providing a reconciled, integrated and virtual view of the local
repositories is a feasible solution [5, 6]. The mediated schema is designed to
represent the attributes of the domain relevant to the integration application and
does not necessarily represent all of the attributes available in the sources[7].
When a CIG is executed and a clinical statement needs to be evaluated with
concrete patient data, the data query is posed in terms of the mediated schema,
rather than the individual local schemas.

In this study, we considered two EHR information models as mediated schemas,
namely HL7’ virtual medical record (vMR) R1 and openEHR archetypes. We
used these standards to represent clinical statements of CIGs that are mappable to
EHRs. We then compared the representation process and the resulting artifacts
using case-study examples and structured meetings among experts. We report our
results and conclusions about the suitability and uniqueness of these standards

when used as intermediate schemas.

Related Work

There is a mature body of standards and open specifications covering the three
layers of artifacts needed to represent the meaning of health data:

* Generic Reference Models (RM) containing a basic and stable
framework for representing EHR components, that can be aggregated to
create more complex components, and the context information necessary
to meet ethico-legal requirements. Examples are ISO/EN13606-1, HL7
RIM, HL7 Clinical Document Architecture (CDA) standards or the
openEHR RM.

¢ Clinical information models, which are detailed, reusable and domain-

specific definitions of a clinical concept. Examples of such models are



openEHR/ISO13606 archetypes, CDA templates, Detailed Clinical
Models[8] and Clinical Element Models[9].

* Clinical terminologies are structured lists of terms which together with
their definitions serve to describe unambiguously different aspects of
healthcare. They have evolved from simple code-name-hierarchy

arrangements, into rich, knowledge-based ontologies of medical concepts.

Several initiatives based their intermediate schema on a standard RM. The use of
a simplified version of the HL7 RIM was selected by KDOM[5], MEIDA[10],
and Cho et al.’s work [11]. A standard RM is necessary but may not be sufficient
to constrain and represent specific semantics needed for DSS applications. For
example, a standard RM may offer multiple ways of expressing the same clinical
statements often required in DSS, such as adverse event. On the other hand,
generic models contain many properties that are seldom used in DSSs. Therefore,
specific clinical information models, where the assumptions about the
representation of data are made explicit, provide a means for easily specifying
more semantics than those provided by RMs. SAGE [8, 12] was the first to
consider this requirement. It proposed the use of a virtual medical record, a
simplified set of classes that a DSS would need to read and write data to an
electronic patient record. Later, Detailed Clinical Models (DCM)[8] were created
as a way to constrain aspects of those classes to specific clinical concepts. The
former approach has been standardized by HL7 vMR standard [13] and the latter
is similar to CEN/ISO EN13606 and openEHR archetypes.

Marcos and Maldonado[6, 14] developed a comprehensive approach to deal with
DSSs and EHRs interoperability based on archetypes. Gonzalez-Ferrer and
Peleg[15, 16] compared vMR, CDA and openEHR by evaluating their support of
functional and nonfunctional requirements for interoperability. However, that
study was limited since no experts in openEHR were involved and there was no
analysis of the modeling process and the resulting representations. This work aims

to include those aspects and to share our lessons learned.



Methods

Four knowledge engineers represented the clinical statements of ten case-study
examples in either openEHR or vMR, each using the standard which s/he was
familiar with (coauthors MP and AGF used vMR and MM together with JAM
used openEHR). The convenience-based approach of familiarity of the model was
used to establish correctness of the model; using non-expert modelers might result
in incorrect models from which incorrect conclusions could be drawn. Notice that
the usability of the tools was deliberately left outside the scope of this paper. The
clinical statements (described in Table 1) constitute a representative sample
(Appendix A) selected from a total of 117 statements from two CIGs used in the
MobiGuide DSS project[2] and are based on clinical guidelines for managing
atrial fibrillation[17] and gestational diabetes|[18].

We used qualitative research methods to identify characteristic activities in the
representation of CIG statements in openEHR and vMR and capabilities related to
each of these standards. CIG statements were provided as textual descriptions (see
Table 1). Both in the case of openEHR and vMR, during a preparation phase,
modelers analyzed the clinical statements and searched medical terminologies
(UMLS [19] and SNOMED CT [20]) for relevant clinical terms. The utility of this
phase is twofold: to gather ideas on the representation structures which fit best the
statement, and to obtain terminological bindings that can be used to enrich these
structures.

The next phase was the creation of instances corresponding to the clinical
statements. For this purpose, VMR modelers directly defined the instances using a
commercial XML editor together with the vMR schema, while the openEHR
modeler used the LinkEHR archetype editor[21], including its mapping
functionalities, to specialize the selected archetypes and generate instances based
on them. The generated representations (artifacts, according to design science
methodology[22]) were saved as XML files, that were made accessible to the four
authors through a cloud storage service.

Our methodology focused on the artifacts produced. We carried out seven 2-hours
structured meetings as consensus method[23], conducting artifact reviews in
which the four experts discussed in detail all of the case study models, comparing

the different solutions for each case and achieving consensus on observations.



Results

Table 1 lists the clinical statements used in our analysis. Table 2 characterizes the
statements in terms of the statement’s category (general UMLS concept), its
source and target, and a selection of SNOMED concepts that were deemed
relevant for the statements. As can be observed, the statements cover a wide range
of categories, namely: recommendation (cases #1, #2 and #9), non-compliance
(case #3), question (case #4), response (case #5), reminder (case #6), patient
problem message (case #7), alert note (case #8), and request for patient clinical
information (case #10). Moreover, the statements show a variety of source and

target scenarios.

Table 1. Clinical statements used in our study




Table 2. Characterization of the clinical statements (cases)







case Request for patient PHYSICIAN -> Obstetric history (observable entity), Premature labor

410 clinical information EHR (finding), Polyhydramnios (disorder), Estimated date of

delivery (observable entity)

The modelling of instances was done using the vVMR XML Schema in the case of
VMR, while in the case of openEHR, modelers used either a repository archetype
or an archetype specialization that fulfilled the requirements of the statement.
Note that the development of such specializations was also part of the modeling
task. As illustration, we describe part of the vMR and openEHR solutions
developed for statements #1 and #10 (figures 1-4, see Appendix B for more
details). One vMR solution to statement #1 (Figure 1) uses an
observationProposal with a post-coordinated SNOMED-CT term describing pre-
prandial lunch blood glucose, together with a relatedEntity referring to the patient
as the recipient of information. The other vMR representation is roughly the same,
except for the use of a procedureProposal. The repository archetype
recommendation was used in the case of openEHR (Figure 2) with a participation
element specifying that the recipient of the recommendation is the patient (self),
plus a textual description in terms of SNOMED-CT terms (including self-
monitoring of blood glucose).

The openEHR solution to statement #10 (Figure 3) is based on specialization of
the pregnancy archetype. Using this archetype as a guide, the information on the
pregnancy problems (such as hydramnios/polyhydramnios) has been located
under the complications element. This contrasts with the vMR representation of
statement #10 in Figure 4, which comprises a number of elements of type
observationResult that are nested beneath an observationResult for the obstetric
history. In this way, the modeler has resolved the lack of a specialized structure

for this case.



vmr:
patient:
id: -
demographics: -
clinicalStatements:
observationProposals:
observationProposal:
id: -
observationFocus: code=Lunch pre-prandial: 166897008 | Lunch time blood
sugar measurement|:362981000 | Qualifier value|=307165006 | Preprandial|,
codeSystemName=SNOMED-CT
relatedEntity:

targetRole: code=C1550487, codeSystemName=UMLS, displayName= Recipient of
information_recipient information

entity:

id: -

entityType: code=C0030705, codeSystemName=UMLS, displayName= Patients

Fig. 1. Schematic representation of one vMR solution to clinical statement #1.

EVALUATION.recommendation:
name: type=DV_TEXT
value: Recommendation
language: type=CODE_PHRASE
terminology_id: type=TERMINOLOGY_ID
value: 1ISO_639-1
code_string: en
encoding: type=CODE_PHRASE
terminology_id: type=TERMINOLOGY_ID
value: IANA_character-sets
code_string: 1ISO-10646-UTF-1
subject: type=PARTY_IDENTIFIED }_ Subject of
name: name of the patient information
provider: type=PARTY_IDENTIFIED

Provider of
name: CDS information
other_participations: type=PARTICIPATION =

function: type=DV_TEXT
value: recipient
performer: type=PARTY_RELATED
relationship: type=DV_CODED_TEXT
value: self
defining_code: type=CODE_PHRASE
terminology_id: type=TERMINOLOGY_ID Recipient of
value: openEHR:subject relationship | information
code_string: 0
mode: type=DV_CODED_TEXT
value: interactive written note
defining_code: type=CODE_PHRASE
terminology_id: type=TERMINOLOGY_ID
value: openEHR:participation mode
code_string: 215 o)
data:
name: type=DV_TEXT
value: Recommendation
items: type=ELEMENT, archetype_node_id=...
name: type=DV_TEXT
value: Recommendation
value: type=DV_TEXT
value: Post coordination of SCT codes: 308113006, 307162009, 307165006

Fig. 2. Schematic representation of the openEHR solution to clinical statement #1
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EVALUATION.pregnancy-G D} Cg:;:;“ir items: type=CLUSTER, archetype_node_id=...
name: type=DV_TEXT i name: type=DV_TEXT

value: Pregnancy summary - Specialization: GD value: Complications
language: type=CODE_PHRASE items: type=CLUSTER, archetype_node_id=...
terminology_id: type=TERMINOLOGY_ID name: type=DV_TEXT
value: ISO_639-1 value: Complication
code_string: en items: type=ELEMENT, archetype_node_id=...
encoding: type=CODE_PHRASE name: type=DV_TEXT
terminology_id: type=TERMINOLOGY_ID value: Clinical description
value: IANA_character-sets value: type=DV_TEXT
code_string: 1ISO-10646-UTF-1 value: Hydramnios
subject: type=PARTY_IDENTIFIED Subject of items: type=ELEMENT, archetype_node_id=...
name: name of the patient information name: type=DV_TEXT
provider: type=PARTY_IDENTIFIED Provider of value: Complication present
name: EHR } information value: type=DV_BOOLEAN
data: value: false
name: items: type=CLUSTER, archetype_node_id=...
value: Pregnancy summary - Specialization: GD name: type=DV_TEXT
items: type=ELEMENT, archetype_node_id=... value: Complication
name: type=DV_TEXT items: type=ELEMENT, archetype_node_id=...
value: Maternity states name: type=DV_TEXT
value: type=DV_CODED_TEXT value: Clinical description
value: Active - viable value: type=DV_TEXT
defining_code: type=CODE_PHRASE value: Previous hospital admission
terminology_id: type=TERMINOLOGY_ID items: type=ELEMENT, archetype_node_id=...
value: local name: type=DV_TEXT
code_string: at0003 value: Complication present
items: type=CLUSTER, archetype_node_id=... value: type=DV_BOOLEAN
name: type=DV_TEXT value: false

value: Current pregnancy
items: type=CLUSTER, archetype_node_id=...
name: type=DV_TEXT
value: Labour or delivery
items: type=CLUSTER, archetype_node_id=...
name: type=DV_TEXT
value: Onset
items: type=ELEMENT, archetype_node_id=...)
name: type=DV_TEXT
value: Time of onset
value: type=DV_DATE_TIME
value: 2015-05-12T17:49:07.342 -
items: type=ELEMENT, archetype_node_id=...
name: type=DV_TEXT
value: Premature labour
value: type=DV_BOOLEAN
value: false =

—_

Fig. 3. Schematic representation of the openEHR solution to clinical statement #10
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vmr:
patient:
id: 111

demographics: -

clinicalStatements:

observationResults: Provider of
[CobservationResult: information
id: - )

Container
Concept

f )
dataSourceType: code=C0031831, codeSystemName=UMLS, displayName=physician

observationFocus: code=C0425963, codeSystemName=UMLS, displayName=obstetric history
relatedClinicalStatement:
targetRelationshipToSource: -
[ observationResult:
id: -

c 3 dataSourceType: code=C0031831, codeSystemName=UMLS, displayName=physician
_‘ observationFocus: code=C0020224, codeSystemName=UMLS, displayName=Polyhydramnios

observationValue:
boolean: value=true
relatedClinicalStatement:
_targetRe|ationshipToSource: -
observationResult:
id: -

_ dataSourceType: code=C0031831, codeSystemName=UMLS, displayName=physician
observationFocus: code=C0022876, codeSystemName=UMLS, displayName=premature labor

observationValue:
boolean: value=false
relatedClinicalStatement:
targetRelationshipToSource: -
[~ observationResult:
id: -

dataSourceType: code=C0031831, codeSystemName=UMLS, displayName=physician
_' observationFocus: code=C0421170, codeSystemName=UMLS, displayName=last admission

observationValue:

time: value=2015011510
relatedClinicalStatement:
targetRelationshipToSource: -
[ observationResult:
id: -

dataSourceType: code=C0031831, codeSystemName=UMLS, displayName=physician
_‘ observationFocus: code=C1287845, codeSystemName=UMLS, displayName=estimated

delivery date
observationValue:
time: value=2015091500

Fig. 4. Schematic representation of one vMR solution to clinical statement #10

Observation 1: capturing meaning

In dual model EHR architectures (such as openEHR), three types of entities are

used to capture health information meaning: the reference model, archetypes, and

terminologies (both the local vocabularies and well-known external terminologies

such as SNOMED-CT). In the case of vMR only the reference model and

terminologies are used.
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The openEHR reference model, although relatively small compared to other
clinical information models such as HL7 CDA, contains formal descriptions of
real-world concepts relating to recorded health information, concretely four types
of Entries: Observation, Evaluation, Instruction and Action. These entry types are
extremely generic and thus archetypes are used to define specific concept models
based on each of these types. In archetypes, semantics are captured mostly by a
specific and detailed structure with labels, and by the ability to define restrictions
(e.g. cardinality, existence or value ranges). Although it is possible to add
terminological bindings, the structure is human-understandable by considering the
attribute names and labels. Consequently, archetype modelers usually do not
specify vocabulary terms. Workflow is captured only for Action entries by means
of an attribute (ism_transition) describing the state: in-progress, scheduled,
started, etc.

Meaning is captured in vMR by the class type and the use of terminological
bindings [5][24]. vMR provides 22 classes that represent real-world concepts
relating to recorded health information. They express the type of information and
the moment in the workflow (proposal, order, event or undelivered). vMR is more
dependent on terminologies than openEHR to capture meaning; this is an
important point considering the fact that finding the vocabulary code with the
exact meaning is difficult and time consuming. Nevertheless, in both approaches
the “boundary problem” is present[24, 25], i.e. the way information models and

terminologies interplay to unambiguously represent clinical meaning.

Observation 2: structure completeness and flexibility

Selecting the structure (class or archetype) to use as starting point for the
representation of the statement is crucial for both approaches. In the vMR, one of
a few classes, namely those representing observation, substance administration
and procedure, provided a well-suited solution for most cases. There exist
specializations of these classes in terms of the stage of the process, e.g., proposal,
order, or result, leading to a range of classes such as
SubstanceAdministrationProposal or ObservationResult[26]. However, a well-

matched vMR structure could not be identified for use cases #9 and #10, which
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involve the prescription of physical activity and the query of obstetric history
parameters, respectively.

In openEHR, the archetypes used mainly belong to the Evaluation category, with
varying degrees of specialization, ranging from rather generic archetypes, such as
recommendation, to highly specialized and detailed ones like pregnancy. The
latter was a particularly good match for case #10. Nevertheless, in most cases the
archetypes were further specialized to fulfill the requirements of use cases by
including additional elements and/or constraints. The LinkEHR editor[21]
simplified this process.

Finally, there are significant differences between the vMR and openEHR
regarding the obligation to include certain structural elements. In openEHR,
archetypes serve as an instrument to define a variety of constraints according to
the needs of the problem, playing an important role in instance creation and
validation. This contrasts with vMR, where the definition of additional constraints

is not the prime concern.

Observation 3: encoding variability

Individual differences in modeling style are a known phenomenon[27]. Both vMR
and openEHR archetypes have a highly recursive structure enabling specification
of the same elements at different levels. There was little variability between the
vMR modelers for clinical statements that matched the regular vMR classes (e.g.,
SubstanceAdministration or Observation). However, individual differences were
noted for more complicated statements. For example, only one of the vMR
modelers used the container class shown in Figure 4. In case #9 one modeler
represented the exercise regimen as a ProcedureOrder while the other adapted
SubstanceAdministationOrder.

Because the two openEHR experts worked together for the modeling, we could
not note individual modeling differences. However, we expect variability in cases
where the community-developed archetypes do not exist or have to be extended,
but little or no variability for statements that match community-developed
archetypes. If a modeler needs to extend an archetype, he can benefit from a
detailed archetype developed by the community, which he can follow. This has

been done in case #10 (Figure 3), where a constraint on maternity state was added
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and “hydramnios” was represented as a complication. Individual differences could
also be observed when more than one archetype is deemed appropriate. For
example, case #5, could be represented using two different archetypes: checklist
(EVALUATION) or medication_order (INSTRUCTION). In both cases, the
archetype should be specialized for reporting information specific to insulin
intake.

Interestingly, case #7 demonstrated user variability across the standards used. It
required representing patient reporting of consuming an irregular amount (--, -, +,
++) of carbohydrates during a specific mealtime. As shown in Figure 5, each
modeler chose a different representation, using either one or two levels of nesting

within a carbohydrate intake item, or one level of nesting within a question item.

observationResult observationResult observationResult

(@) | focus = carbohydrate intake [elated | focus = meal LG
clinical clinical

value = + Statement| value = cake Statement| value = breakfast

focus = mealtime

(b) observationResult
focus = Carbohydrate intake

related value = ++ related

clinical clinical
Stalemer/ Statement

observationResult observationResult

focus = meal time focus = carbohydrate

value = breakfast value = cake

Extra nutrients questions

/\

Question = Difference with the Question = Meal name? Question = Meal time?
recommended carbohydrates?

Answer = Pasta Answer = Breakfast
Answer = --

Fig. 5. Schematic representation of the two vMR solutions ((a) and (b)) and the openEHR solution

(¢) to clinical statement #7

Observation 4: trade-off between model size and structure
completeness and how it potentially affects mapping speed

In openEHR, it takes longer to select which repository archetype to use and locate

the appropriate elements to fill in. Sometimes, specialization of the selected
15



archetype was needed (e.g., cases #4-7), requiring adding new attributes. In our
experiments, we observed not only a reduction in the size of vMR instances
(between 41-53%) in comparison to openEHR ones, but also a difference of 4-
33% in size between the two vMR modellings. However, longer times for
openEHR may have benefits: more standardization, higher provision of semantics,
and possibility for reuse (see Observation 5). In comparison, VMR classes are
chosen faster but the adopted solution cannot be easily reused. The inclusion of
unavailable attributes in the original class structure is carried out through
relatedEntity and relatedClinicalStatement extension mechanisms, which pursue
the same goal of specialization but at the instance level. Such generic extension
mechanisms increase the variability, e.g. due to the need to express meaning
through different vocabulary terms. In the recent vMR Logical Model R2
specification, a user-specified attribute for the ClinicalStatement and Entity
classes has been included to support user-defined attribute extensions for clinical
concepts, which simplifies the extension mechanism.

There are implementation-related benefits from both approaches. The vMR model
has shown to be versatile to implement generic insertion APIs able to deal with
the mentioned extensions mechanisms[28]. openEHR has the ability to integrate
the full scope of clinical attributes found in EHRs, not just the ones that match the
CIG’s knowledge. This may be beneficial for secondary use of EHRs (e.g.

intelligent data analysis).

Observation 5: reuse capabilities

A distinctive feature of the openEHR approach is the availability of archetype
repositories. Archetypes are community-developed and shareable specifications of
clinical information models based on the openEHR reference model. Each
archetype represents a clinical concept of a certain significance, and provides a
specification that is intended to be as inclusive as possible while allowing
specialization. This reflects the fact that openEHR was conceived with the aim of
reuse in mind. On the other hand, the vMR 1is a data model designed to represent
clinical data relevant to DSSs, including structural specifications for inputs and
outputs and data requirements for specific use scenarios. In a way, there exists

also reuse in this case, but it is limited to the relatively simple classes of the vMR.

16



Observation 6: recording unconducted activities (e.g., non

compliance)

Case #3 required reporting of an activity that was supposed to happen (e.g.,
patient taking medication) but was not conducted and record the reason. The vMR
provides support to report unconducted or undelivered activities as well as the
reason for not conducting them, which could be useful to understand causes for
deviations from recommendations. Since openEHR does not provide a special
archetype for this purpose the modeler chose the reason for encounter archetype

(EVALUATION).

Observation 7: capturing ethical and legal information

VMR and openEHR have different scopes. vMR is an information model for
representing clinical data relevant to DSS. openEHR is a comprehensive EHR
architecture and as such it intends to represent any EHR extract. One of the basic
EHR architectural requirements is the support for ethical and legal information
[3]. Among other information, an EHR architecture shall permit representing the
audit trail, authorship, and dates and times of EHR data recording. The ethical and
legal information becomes relevant when the DSS output or the information
provided by the patient or physician shall be included in the EHR, as in case #3.
openEHR is fully compliant with these requirements[29]. vMR does not provide
full support for them and therefore it can be only represented partially. Instead,
generic classes combined with terminologies must be used, such as the

relatedEntity class for representing authoring information.

Observation 8: ability to specify alerts and reminders

In both openEHR and vMR two different archetypes/classes are used to represent
alerts and reminders. In openEHR the alert archetype (EVALUATION) can be
used to represent alerts. On the other hand, although there is no specific archetype
for reminders, the health education archetype (ACTION) can be adopted as
solution in the specific context of educational reminders. In both cases, modelers
could specialize archetypes to specify a magnitude attribute (urgency, magnitude

17



of threat), and in the case of alerts, a possible time frame to respond. On the other
hand, vMR R1 has no specific structure for those cases and they both have been
modeled as ProcedureEvent instances. In the vMR R2 specification the
CommunicationBase class has been added to serve this purpose. It allows a
description of the medium, message, reason (e.g., notify, alert, remind), recipient
(e.g., person, organization, clinical information system, or device), and sender for

this kind of communications.

Discussion and conclusions

Our collaboration, established among experts on two EHR standards, was very
helpful to obtain lessons learned that might be relevant to IT architects who are
implementing a DSS which interoperates with the EHR.

We found that the openEHR architecture serves the purpose of data and semantic
specification very well, including legal and ethical information, and providing
detailed (structure- and terminology-based) semantics. Archetypes have great
potential for reuse other than for decision-support, including intelligent data
analysis. On the negative side, they require more time, effort, and specialized
editing tools (e.g. LinkEHR[21]). Creating instances using the vMR model, on the
other hand, requires less time, given that it was specifically designed for the scope
of DSS. Its semantics rely to a large extent on vocabulary terms, involving higher
variability and scant possibilities for reuse, which also makes difficult the aim of
standardization itself. As advantage, it serves very well for fast prototyping of
pilot projects, as was already demonstrated in MobiGuide [28]. In this sense,
variability could be limited by developing agreed-upon templates. The results of
our study could serve as useful input for the team in HL7 that started defining
such templates [30], benefiting from our experience with the CKM archetype
repository as well.

This study has some limitations. The exploration is limited to a small set of
clinical statements, so there are certainly issues that could have gone unnoticed
after our analysis. Furthermore, modelers with expertise in one standard were
dealing with exactly that standard, which might imply different considerations to

those that unexperienced users could have found.
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