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ABSTRACT

Objective: This article aims to present a literature review in narrative form in order to identify, analyze, and characte-
rize the state of the art methodologies for developing openEHR archetypes. Method: An exhaustive literature search
in the computer science field was carried out, based on the following databases: IEEE Digital Library, ACM Digital
Library, Science Direct, Scopus and Springer Link. The screening process involved applying suitable selection criteria to
361 publications to define the scope for selecting the appropriate papers. Results: The nine selected papers were grou-
ped into five categories, in which we identified some connection points between the papers, and we realized that any
gaps in one paper are complemented by the other papers. Conclusion: The research contributed to the construction
of a theoretical reference on methodologies for developing openEEHR archetypes, as well as showing that it is a growing
research topic and there are some aspects that require further study.

RESUMO

Objetivo: Apresentar uma revisio narrativa de literatura para identificar, analisar e caractetizar o estado da arte sobre
metodologias para o desenvolvimento de arquétipos openEHR. Método: Pesquisa exaustiva na literatura da area de
ciéncia da computagio. Utilizaram-se as bases de dados IEEE Digital Library, ACM Digital Library, Science Direct, Sco-
pus e Springer Link. O processo de revisao envolveu a aplicacdo de critérios de selecio aos 361 textos encontrados, de
modo a selecionar os artigos que se adequassem ao escopo. Resultados: Os 9 artigos sclecionados foram agrupados
em cinco categorias, onde identificamos algumas conexées e notamos que as lacunas de alguns artigos eram comple-
mentadas pelas lacunas de outros. Conclusaio: A pesquisa contribuiu para a construcio de um referencial tedrico sobre
metodologias pata desenvolvimentos de arquétipos openEHR, mostrando que ¢ um tépico de pesquisa em crescimento
¢ que alguns aspectos ainda necessitam de mais estudos.

RESUMEN

Objetivo: Presentar una revision narrativa de la literatura para identificar, analizar y caracterizar el estado del arte de
las metodologias para el desarrollo de arquetipos openEHR. Método: Busqueda exhaustiva en la literatura en el area de
informatica. Utilizamos las bases de datos IEEE Digital Library, ACM Digital Library, Science Direct, Scopus y Springer
Link. El proceso de revisiéon implicé la aplicacion de criterios de seleccién a los 361 textos encontrados, con el fin de
seleccionar los articulos que se ajusten al alcance. Resultados: Los 9 articulos seleccionados se agruparon en cinco
categorfas, donde identificamos algunas conexiones y notamos que los vacios de algunos articulos se complementaban
con los vacios de otros. Conclusion: La investigacion contribuy6 a la construccion de un marco tedrico sobre meto-
dologfas para el desarrollo de arquetipos de openEHR, mostrando que es un tema de investigacién en crecimiento y que
algunos aspectos ain necesitan mas estudios.
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1. INTRODUCTION

Over the past two decades, there has been a growing
need to develop electronic health records (EHR), which
have been introduced into hospitals and clinics to manage
patient data. However, organization and standardization
are requited to enable transfer of the data and informa-
tion between systems®. The openEHR approach emet-
ged as a way of standardizing these health data, using an
archetype paradigm (with a two-level model) as a new te-
chnique to transfer patient data between EHR systems®.
OpenEHR is the name of one particular technology for
the healthcare area, more specifically for e-health, and it
consists of open access specifications, clinical models and
software that can be used to create standards, information,
and interoperability solutions for the health area®.

Archetypes are structures that define how clinical data
should be stored. Each has an identifier, and each data
point can be accessed through a path within the archetype.
These identifiers and paths are unique and independent
of the context in which the archetype is used”. Thus,
archetype development is an important part of the ope-
nEHR standard®. And seeking to understand the state of
the art about the development of openEHR archetypes,
we conducted a literature review in narrative format of
the computer science field in order to find methodologies
for the development of openEEHR archetypes for health.

2. METHOD

To understand the state of the art in computing and
healthcare in terms of the use and development of ope-
nEHR archetypes, we did a narrative literature review
using some guidelines proposed by Kitchenham and
Charters®9. The objective of this narrative literature
review was to identify scientific publications on metho-
dologies for the development of openEHR archetypes,
with a focus on publications related to the area of com-
puting and health, and those which present the steps for
the development of openEHR archetypes in their res-
pective methodologies.

For this, the first step of the narrative literature re-
view was to define the research questions:

1) Which articles involve research about developing
openEHR archetypes using specific methodologies?

2) How do these articles describe these methodolo-
gies for developing openEHR archetypes?

2.1. Search strategy

From the definition of the research questions, we
selected the following keywords: archetype, methodolo-
gy and openEHR. From this, we then constructed the
following string for the search:
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(“openEHR archetype” AND methodology (OR
“openEHR archetype methodology™))

It is important to highlight that we defined the term
“openEHR archetype” instead of the individualized ter-
ms “openEHR” and “archetype” because, in both sce-
narios, the search result would be very comprehensive
and may even have no relation to the theme (in the case
of the term archetype, which is used in several areas).

The databases chosen for the research were: IEEE Di-
gital Library, ACM Digital Library, Science Direct, Scopus
and Springer Link. These databases were chosen because
they are internationally recognized and are the main vehi-
cles for publication in the field of computer science. To
optimize the results of the publications in these digital libra-
ries, we applied the search string only in metadata (i.e., title,
abstract, and keywords), thus refining the results found.

2.2. Selection criteria

According to the guidelines proposed by Kitche-
nham and Charters®?, the process of selecting the crite-
ria ensures that only studies aligned with the objective of
the narrative literature review are selected.

Thus, in the selection stage, the focus was on analy-
zing the papers found in the databases, and defining whi-
ch ones were within the scope of the narrative literature
review. In order to include papers that were aligned with
the objective of the research, the inclusion criteria esta-
blished were: (1) papers written in English, (2) papers
published between 2002 and 2020, (3) papers that pre-
sented some theoretical reference related to methodo-
logies for developing openEHR archetypes, (4) papers
that presented some theoretical reference related to me-
thodologies for developing openEHR archetypes with
examples of archetypes, and (5) papers that cleatly pre-
sented some approach that uses methodologies to deve-
lop openEHR archetypes.

Regarding the discarding of papers that were not in
accordance with the objective of the narrative literature
review, the exclusion criteria established were: (1) type of
publication — texts like reviews, reports, posters, brief
reports, books, textbooks, theses and dissertations, edi-
torial letters, brief communications, commentaries, and
unpublished working papers were discarded; (2) papers
that were not written in English; (3) papers with text not
available in full; (4) duplicated papers; and (5) papers that
did not directly address methodologies for developing
openEHR archetypes.

3. STUDY CONDUCTION

The narrative literature review was conducted using
the online tool Parsifal', which is a tool for organizing lite-
rature reviews — it assists in the process of selecting and
conducting research. The first step was the inclusion of
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the following narrative literature review planning items:
objectives, research questions, keywords, search string,
sources (databases), and selection criteria. Using the de-
fined search string, we then did searches of the IEEE
Digital Library, ACM Digital Library, Science Direct, Sco-
pus and Springer Link databases. The search results were
imported into the Parsifal tool through bibtex files. After
importing the bibtex files, the studies were loaded into the
tool, and we started the study selection process, which in-
volved the following three stages: duplicate verification,
selection, and refinement. In the duplicate verification sta-
ge, the Parsifal tool performed the automatic verification,
but the researcher responsible also performed manual ve-
rification to ensure that the process was correct. In the
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selection stage, the researchers analyzed the abstracts of
the studies, considering the inclusion and exclusion cri-
teria. This resulted in 54 studies being accepted and 279
being excluded. Finally, in the refinement stage, the reseat-
chers read the full texts, paying attention to the following
characteristics: (1) if the paper presented a process of
creation and/or reuse of openEHR archetypes, (2) if the
paper described the steps for the process of creating and/
or reusing openEHR archetypes, and (3) if the paper des-
cribed the actors involved in these steps for the process of
creating and/or reusing openEHR archetypes. After this
analysis, 9 papers were accepted. These numbers can be
seen in detail in Table 1.

Table 1: Number of selected papers

Databases Preliminary result Duplicated

Selection stage Refinement stage

Included Excluded Included Excluded

IEEE 17 0 12 5 2 10
ACM 17 5 12 0 5
Science 94 23 71 4 19
Direct
Scopus 104 28 5 71 2 3
Springer 129 0 9 120 1 8
Link
Total 361 28 54 279 9 45

4. RESULTS

As a result of the refinement step, 9 papers were se-
lected for analysis regarding methodologies for develo-
ping openEHR archetypes. After reading and analyzing
them, we identified some common themes among them
and performed a step called categorization. We identi-
fied five categories, which are summarized in Table 2.

Table 2: Categories for analyzed papers
Selected studies

Categories

Methodology design 7.and 8.
9.,10,, 11. and 12.

Methodology applied to specific clinical
scenarios

Methodology applied to exams 13.
Archetype modeling for EHR system 14.
Archetype modeling and interoperability 15.

4.1. METHODOLOGY DESIGN

The methodology design category includes papers
that deal with methodologies for the development of
openEHR archetypes in general, as they are a kind of
guideline for other studies. According to Eguzkiza et
al.”, the openEHR archetype development process has
three steps, in which each step has its own sub-steps,
summarized in Table 3:

Table 3: Three steps for developing OpenEHR
archetypes™”

Definition of
the project

Building the elec-
tronic model

Design of the
clinical process

Detection of a Definition of the Creation and update of

need within a he- clinical process archetypes

althcare process

Establishment of ~ Study of clinical ~ Definition of semantic

a work team concepts links to clinical termi-
nologies
Analysis of Hierarchical organi- Building templates
resources zation of knowled- Modeling guideline

ge artefacts rules and workflow

Modeling UI templates

Eguzkiza et al.”) did the following in their study: ex-
plained in detail each step of the process; proposed a
methodology that would allow experts in the clinical do-
main to be actively involved in the definition of EHR
content without having to resort to software developers;
and provided a proof of concept in the clinical setting
of ophthalmology. It is worth noting that their paper hi-
ghlights the need for training a multidisciplinary team to
apply the methodology, so that consistent results can be
achieved for the desired clinical case. Furthermore, it is a
paper that highlights that the relationship between arche-
types and clinical terminologies is important but difficult
to implement, which causes delays in the implementation
of the methodology.

https://jhi.sbis.org.br/
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According to Moner, Maldonado and Robles®, the process of developing openEHR archetypes involves the steps

summarized in Table 4.

Table 4: Five steps for developing openEHR archetypes®

Analysis Design

Development

Validation Publication

Scope definition and  Information structuration
selection of work

group type; existing archetype without changes)

Archetype reuse
(new archetype; specialize or modify arche-

Archetype review Archetype
and template

publication

Clinical concept Constraint definition

discovery

Archetype structure development

Template review

Information elements

Archetype terminology binding

gathering

Template structure development

Template terminology refinement

The methodologies of the two papers”® comple-
ment each other, because the second one presents two
more processes: the validation and the publication of the
archetypes. Furthermore, both highlight the difficulty of
managing the relationship with medical terminologies, as
the same information can be represented as part of the
archetype structure or as terminology concepts?.

4.2. Methodology applied to specific clinical
scenarios

Regarding this category, the analyzed papers involve case
studies under specific clinical scenarios, in which the ope-
nBEHR archetypes are developed according to these scenatios.

4.2.1. Eating disorder

The paper by Maranhio et. al.” presents the process
for developing openEHR archetypes for eating disor-
ders, as well as describing the process and challenges
involved in creating openEHR archetypes associated
with screening tools for eating disorders. The authors
believe that the archetypes created can help improve data
storage for eating disorders and patient care. As part of
the archetype modeling process, the authors did resear-
ch on the Clinical Knowledge Manager (CKM)!9 — an
openEHR archetype repository — in order to verify the
existence of archetypes on the topic of eating disorders,
and they used the Archetype Editor tool to develop the
three archetypes. Validation through submission to the
CKM was not part of the scope of the paper but was
identified as a future work®.

4.2.2. Nutrition and childhood obesity

Maranhio et al."” described the process of developing
a framework, based on openEHR archetypes, for the re-
presentation of clinical practice focused on the treatment
of childhood nutrition and obesity. Additionally, they
described the use of a four-step methodology: identifica-
tion of a clinical practice guideline, analysis in the CKM,

modeling of openEHR archetypes, and submission of ar-
chetypes for review by the CKM community. The actors
involved were: one nutritionist, one physician, and three
IT professionals. The authors!” developed a guideline in-
volving the clinical terms of interest: data, diagnosis, risk
factors, comorbidities, laboratory tests, body fat composi-
tion, family story, nutrient intake, and dietary assessment.
According to the authors, the process of validating throu-
gh submission to the CKM was not within the scope of
the paper, but it was identified as a future work".

4.2.3. Demographic and obstetric data

The paper by Pahl et al."" had three objectives: to
model demographic and obstetric data used in Brazilian
healthcare units, by reusing, editing, or creating new ope-
nEHR atrchetypes; describe the process and issues related
to openEHR content development at different moments
in the obstetric setting; and validate the use of openEHR
in relation to obstetric data in the Brazilian scenario. Thus,
the process of developing the openEHR archetypes in-
cluded extracting, classifying, and reorganizing data into
demographic information and clinical information®".

4.2.4. Diabetic retinopathy

The paper by Eguzkiza et al.” deals with a metho-
dology for modeling patient-centered clinical processes,
which secks interoperability and knowledge reuse for
continuity of patient care. The authors emphasize that
it is a methodology that allows healthcare specialists to
be involved in defining EHR content without resorting
to IT professionals. As a proof of concept, the metho-
dology presents a standardized clinical process, modeled
on an e-ophthalmology-based service for handling the
diabetic retinopathy screening scenario.

4.2.5. Multiple sclerosis functional composite

The paper by Braun et al.!"? deals with the arche-
type review process, with a focus on the team’s role in

https://jhi.sbis.org.br/
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improving the semantic quality of archetypes, beyond
what is defined by the openEHR reference model. The
basis of the article is the Multiple Sclerosis Functional
Composite, which is a performance scale based on three
neurological tests for evaluating patients with multiple
sclerosis. Four openEHR archetypes were developed in
the archetype modeling process: one for each neurolo-
gical test and one for the total score. These archetypes
were developed without correlations to terminologies,
but they were validated by the CKM community®?.

4.3. Methodology applied to exams

The paper by Papez and Moucek™, in this category,
deals with the feasibility of applying openEHR to model
the data stored in EEGBase, which is a portal for mana-
ging experimental data from electroencephalograms and
related potential events. The authors evaluated the reuse
of existing openEHR archetypes and proposed a set of
new archetypes together with openEHR templates from
the same domain. Their paper also shows the linking
step with the terminology, where the odML electrophy-
siology terminology was chosen®.

4.4. Archetype modeling for EHR system

In this category is the paper by Santos, Bax and Kal-
ra®, which discusses the modeling process used by the
Health Department of Minas Gerais (Brazil) to support
the development of its regional EHR system, as well as
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the lessons learnt during the process. In their openEHR
archetype development process 20 archetypes were deve-
loped in the ADL format using LinkEHR tool, but they
were not submitted to CKM for validation™.

4.5. Archetype modeling and interoperability

In this category is the paper by Marcos et. al."?, whi-
ch addresses the problem of interoperability between cli-
nical decision support systems and EHR systems, as well
as describing the implementation of a prototype that de-
monstrates the feasibility of the interoperability between
them, based on clinical guidelines through openEHR ar-
chetypes. The authors described the process for speciali-
zation of openEHR archetypes obtained from the CKM,
stating that they had the support of an oncologist in the
process, and they briefly addressed the specialization
process and broadly described the concepts needed for
each stage of specialization. Additionally, they demons-
trated the integration process between the clinical deci-
sion support system and the EHR system (which is the
most detailed process of the study), with the definition
of archetypes being the first step in the process'?.

5. DISCUSSION

To understand the methodologies for developing the ope-
nEHR archetypes described in the papers analyzed, we drew a
flowchart with a systematization of these methodologies (Fi-
gure 1) to get an overview of what the different papers cover.

Figure 1: Systematization of the OpenEHR archetype modeling process from the analyzed papers
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We then identified points of connection between the papers, and we realized that any gaps in one paper are comple-
mented by the other papers. In Table 5 we present a summary of the characteristics of the analyzed papers.

Table 5: Summary of the characteristics of the analyzed papers

Characteristics versus Papers 7. 8. 9. 10. 11. 12. 13. 14. 15.
Archetype modeling process X X X - X X X X X
Develops archetypes (creates, specializes) — x - X X X X X X X
Reuses archetypes X - - X X - X - X
Seatches archetypes in CKM X - XX X X X X X
Shows the stages of development X - XX X X b X X
Describes the actors in the process X X X X - X - X X
Involves health specialists X X X X X X - X X
Uses clinical terminologies - - - - - - X X -

Validates the archetypes in CKM

When viewing the summary of Table 5, we can see
that the paper by Moner et al.®) does not have most of
the characteristics, because it is a text without practical
application, which only describes a methodology. Another
highlight is that the papers mention the need to use clini-
cal terminology, but only two papers perform this step in
their respective scenarios. In the case of Braun et al."?, it
is worth noting that it is the only article that presents the
archetype validation process via the CKM community.

Most papers followed an openEHR archetype mo-
deling flow that involves healthcare experts as well as I'T
professionals, and almost all the articles are based on ar-
chetype research on CKM. Thus, we can highlight some
points in the literature in relation to development of
openEHR archetypes, which deserve greater emphasis:
the classification of relationships with medical termino-
logy — only"*'¥ performed this step; and validation of
archetypes by the CKM community.

Furthermore, in the analysis of the results, we noti-
ced that the selected papers fall within the period 2013—
2018, which shows that the discussion about methodo-
logies for developing openEHR archetypes is still recent
and has been growing over the last few years.

6. CONCLUSIONS

The aim of this article was to conduct a narrative lite-
rature review in the field of computer science and health
on methodologies for developing openEHR archetypes.
After conducting the narrative literature review, a total
of nine papers were selected to be analyzed, and from
this it was possible to understand the steps of the ope-
nEHR archetype development process, as well as draw a
flowchart with these steps and list some characteristics.

When analyzing the steps of the openEHR archetype
development process, we noticed that the steps for defi-
ning projects and concepts and modeling the archetypes
are common among many papers. However, there are

few examples in the literature addressing the “termino-
logy binding” and “validation” steps, which makes them
important research points for future work.

Some of the limitations of this work were the lan-
guage choice — only papers in English were selected for
analysis. Additionally, the focus of the narrative literatu-
re review was papers that presented methodologies for
developing openEHR archetypes in the context of the
computer science and health field — studies addressing
other fields were discarded.

We concluded that conducting a narrative literature
review contributed to the construction of a theoretical
reference on methodologies for developing openEHR
archetypes, as well as showing that it is a research topic
that is still growing,
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