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Abstract. Since the Human Genomic Project discovered the sequencing of human 
genome, the interest about genome content in clinical practice has increased. 
Genetic information has become a key point to understand diseases or improve 
treatments, for example, the nutrigenomic and nutrigenetics. However, the huge 
amount of data generated raises the need for Electronic Health Record (EHR) 
improvements as it becomes increasingly necessary that it includes more specific 
genetic information. Thus, we aim to propose standard genetic archetypes (in 
openEHR) and describe our main challenges in this context. We assessed 2 
bibliographical databases (Pubmed and Web of science) to determine the main 
clinical statements needed to create the archetypes. The clinical statements were 
organized in archetype-concepts, and they were created in openEHR archetype 
editor. One archetype - genetic test results - was created from a set of genetic data 
and submitted to CKM repository for review.  Based on the modeled archetypes, 
an openEHR template can be created from the proposed archetype, mainly in the 
nutrigenomic area, genetic labs and others related to genetic.  
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Introduction 

The Electronic health records (EHR) plays a fundamental role in health care systems. 
When compared to paper-based records, EHRs present innumerable advantages such as 
completeness, timeliness, availability, legibility and accuracy  [1, 2] 

Several efforts have been developed to address issues regarding EHR modeling 
and its implementation allowing the development of future-proof EHR systems, mainly 
related with interoperability of health information [3]. One of the outcomes of these 
efforts is openEHR [4]. OpenEHR is a set of open specifications for EHR development 
based on two-level modelling [5]: (1) a reference model (RM) and (2) an archetype 
model (AM) [6]. The purpose of its design is to enable the semantic interoperability of 
health information between EHR systems [7]. This approach also avoids vendor lock-in 
[7] and differs from single-level, which IT developers represent clinical concepts by 
themselves [5]. In openEHR, all clinical knowledge is represented by archetypes [5]. 
Bacelar-Silva and Cruz-Correia (2015) [8] describes archetype as “a computable 
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electronic model of a concept-structured and detailed as completely as possible.” The 
openEHR community have been modeling archetypes to represent several essential and 
specific contents [9-11]. The openEHR-archetypes approach allows a complete and 
adequate clinical practice, improving the Clinical Decision support (CDS) [11], and its 
increasing adoption demonstrates that more and more specifics archetypes are needed, 
e.g. genetic archetypes.  

Since 2001, when the Human Genomic Project sequenced the human genome, the 
interest of this genetic content in EHRs has been increasing [12]. The discoveries into 
genetic testing technologies, new biomarkers test, gene-based diagnostic, and services 
for both rare and diseases have also increased [13, 14]. In a general way, this demand is 
related to personalized information, mainly with the focus on nutrigenomic, 
pharmacogenomics, among other genetic results [14, 15]. These new concepts promise 
personalized care, facilitate decision making between health professional and the 
patient [13], and more effective treatments, mainly to chronic disease [16]. They also 
aim at health outcomes for more accurate diagnosis and consequently targeted therapies, 
improve not just individual health but also public health policies [13].   

However, Scheuner et al. (2009) [13] concluded that although the EHR have 
potential to enable clinical integration of genetic medicine and improve delivery of 
personalized care; the structured and standardized data elements, and functionality 
requirements are needed. Therefore, there is currently an interest to propose genetic 
archetypes for EHR to improve data quality [17]. 

This study aims to describe the process, challenges and resulting archetypes of 
creating an openEHR genetic test result archetype.  

1. Methods 

This work was developed in the following 5 stages. 
Review articles - This study started with a literature review aiming to identify the 

main clinical concepts used in genomic studies. The literature review was carried out 
using Pubmed and Web of Science database to determine the articles published in this 
area. The search in the sources mentioned above was carried having as search query: 
“genetics” AND/OR “Electronic health record” AND/OR “archetype”. This research 
was complemented with books research. A total of 51 articles were found and 26 were 
considered.  

Archetype-friendly concept identification - After analyzing the articles, the 
authors created a set of clinical concepts, and they organized them in possible 
archetypes-friendly concepts.  

The Clinical Knowledge Manager (CKM) analysis - The Clinical Knowledge 
Manager (CKM) is an international repository of clinical knowledge [16, 18]. It is a 
library of openEHR archetypes and templates. The first important point to CKM is to 
avoid duplicate archetypes, so, we have searched all archetypes-friendly concepts in the 
repository. Hence, it was needed to be included the concept name and core data items. 
If the archetype concept was not available in CKM, the authors could create it.  

Archetype modeling in openEHR - The authors used Ocean Archetype Editor 
Software®, which is available on the openEHR site [10]. Each clinical concept 
modeling to archetype was discussed by the authors to the archetype to contain 
complete information. Finally, the new archetype was recorded in Archetype Definition 
Language (ADL), a formal language to express openEHR archetype [18].  
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The Clinical Knowledge Manager submission for review - The archetypes were 
submitted to CKM on 6th August 2017. After the submission, the openEHR editors 
assess if the archetypes proposed are necessary for CKM repository. After editors’ 
approval, the archetypes are reviewed by the international clinical community, and 
after approval, they are made available in CKM. 

2. Results 

After a literature review was possible to identify 11 clinical statements. Our research 
concluded that genetic content was not available in CKM repository, and so our team 
developed an archetype named “Genetic Test Results” that included all statements. 
This archetype was modelled in English as an observation class. It aims to record 
genetic test results of an individual, besides presenting significant data. Figure 1 
presents the proposed archetype. The data section includes:  

� sample detail; 
� test results; 
� genetic scope; 
� genetic sequence – genetic sequence file; 
� genetic sequence location; 
� clinical information provided; 
� comment.  

In Protocol section, we added the following content: 
� Responsible laboratory [cluster]; 
� Laboratory test identifier;  
� Test device details [cluster];  
� Test request details;  
� Laboratory scope and Extension [cluster].  
In "person state section", we included confounding factors and patient state details 

as a cluster.  

3. Discussion 

The archetype “genetic test results” aimed to record the results and interpretation of 
genetic tests in an individual. It can make a significant contribution mainly in the way 
that health professionals will conduct care practice, which is related to have the whole 
information needed and organized in an objective manner. However, the clinical 
information should not be defined to a specific EHR, but as comprehensively as 
possible and that facilitates the exchange of data between different information systems 
[11]. It explains why we choose openEHR-archetypes; what brings a substantial benefit 
that is semantic interoperability, which influences the exchange of information between 
EHRs [4]. In this context, the advantages in modeled openEHR-archetypes are well 
described in the literature [19]. However, we had important challenges in this genetic 
modeling process as: 1- Genetic information stored does not follow any standard 
protocol [20]; 2 - Genetic data stored in EHR is extensive and complex, and the EHR is 
unable to save all genome data and analyze it [21, 22] ; 3 - Much of an EHR content is 
collected in free text notes, which increases the variability of the data [21].  

P.A. Maranhão et al. / Challenges in Design and Creation of Genetic openEHR-Archetype 837



 

 
                            Figure 1. Genetic Test Result Archetype Mindmap 
 
For this reason, one of our challenges was to analyze the data, and, only those 
indispensables were created in free text notes; 4 - Marsolo et al. (2013) [21] describe 
that quantity and quality of phenotypic data in the EHR will depend on both types of 
EHR and the level of customization. This point is crucial because EHR implementation 
decision will directly influence a data collection, mainly related to the category of EHR. 
These points are significant challenges which increase the difficulty to create the 
archetype. Very recently, Mascia et al. (2017) [17] have proposed the following genetic 
archetypes: ``genetic findings'', “sequence variation” among others. However, the 
“genetic test results” archetype is still in development. In our opinion, some data in this 
archetype are not related to “results” as the data of “clinical information provided”, 
“interpretation summary” and “Recommendations”. Besides that, “laboratory identifier'” 
is not enough and requires a “laboratory scope” data, to determine whether it is a 
diagnostic or research laboratory. In our opinion, the archetype proposed by Mascia at 
al. (2017) still presents points to be improved. 

4. Conclusion 

The presented paper describes the process of creating genetic openEHR-archetype, 
from the analysis of currently review literature. Hence, the new archetype can be 
incorporated in different EHR systems and help the clinicians to store genetic data and 
improve data quality; consequently, optimize clinical practice. As future work, we are 
creating a patient record the includes our archetype to test in a real-case scenario. We 
reinforce the importance of health professionals being involved in EHR creation 
together with the IT professionals, resulting in a complete and structured EHR system. 
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