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Abstract: Objective: This systematic review aims to identify how data storage has been achieved in Electronic Health 
Record (EHR) systems. Methods: Following meta-analysis systematic review methodology, the authors reviewed pa-
pers published between 2000 and 2015 in PubMed, IEEE and ScienceDirect databases, which describes the storage of 
EHRs. Additionally, an inductive content analysis was performed to summarize the steps and methodologies followed 
in order to build EHR systems.  Results:  633 articles were screened, 79 were selected for the full review and 32 have 
been elected for final review. These articles elected were analyzed to extract relevant information about EHR storage. 
It has been noticed through the reviewed articles that there is no standard and common way adopted for EHR storage. 
Conclusion: There is little available information about EHR storage, suggesting opportunities in the sense of design a 
methodology for best practices for EHR storage and retrieval.
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Resumo: Objetivo: Esta revisão sistemática tem como objetivo identificar como o armazenamento de dados tem sido 
realizado em sistemas de RES (Registro Eletrônico de Saúde). Métodos: Seguindo a metodologia de revisão sistemática 
com meta-análise, os autores revisaram artigos publicados entre 2000 e 2015 nas bases de dados PubMed, IEEE e 
ScienceDirect, que descrevem o armazenamento de RES. Além disso, uma análise de conteúdo indutivo foi realizada 
para sumarizar os passos e metodologias seguidos a fim de construir sistemas de RES. Resultados: 633 artigos foram 
selecionados inicialmente, 79 foram selecionados para a análise completa e 32 foram eleitos para revisão final. Estes 
artigos eleitos foram analisados para extrair informações relevantes sobre armazenamento de RES. Foi observado, por 
meio dos artigos revisados, de que não há nenhuma maneira padrão e comum adotada para o armazenamento de RES. 
Conclusão: Há pouca informação disponível sobre armazenamento de RES, sugerindo oportunidades no sentido de se 
conceber uma metodologia de boas práticas para o armazenamento e a recuperação de RES.
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Introduction

The Electronic Health Record (EHR) is an evolving concept, which has been the subject of many 
researches, models and specifications, for example, openEHR (www.openehr.org) and ISO 136061.

From the technical perspective, the two-level modeling approach is gaining relevance to develop 
EHR systems2. This architecture proposes a separate definition on two modeling levels: information 
and knowledge. The information level is provided by the reference model and represents the generic 
clinical data structures. The knowledge level is provided in the form of archetypes and templates, 
which defines specific representations and meanings of those data structures. Archetypes define clin-
ical concepts and are usually built by domain experts. They are deployed at runtime via templates 
that specify particular groups of archetypes to use for a particular purpose, often corresponding to a 
screen form. Figure 1 presents the structure of such model.
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Figure 1- Two-level modeling structure.

The first level mostly referred as information level or reference model (RM) defines the entities 
and properties that are not likely to change over time. This model must be generic enough to avoid 
modifications for supporting new characteristics or requirements from a clinical domain perspective. 

The RM entities are the basic building blocks for the conceptual level. The archetype model (AM) 
allows defining clinical information models by constraining specific data structures of the RM, to 
support specific clinical use cases. Such definitions are called archetypes. Archetypes define the max-
imum data schema of a clinical concept. To attach a formal specification of the meaning of arche-
types, they can be linked to clinical terminologies. This makes archetypes a powerful mechanism to 
define information structures with attached meaning that support semantic interoperability among 
systems. This fact changes the way health information systems are developed. Domain experts define 
the structure and element types of the domain concepts (making it possible to create new concepts 
or update the current ones), while the system developers are just concerned about creating instances 
that represent the data according to the RM and the archetypes and creating user interfaces for the 
templates3. The ISO 13606 series of standards follows a similar approach, but it is based on a different 
RM1,4.

EHR systems using either openEHR or ISO 13606 need to efficiently store and retrieve arche-
type-based patient information, which it is not straightforward5,6,7. Although, archetype storage and 
retrieval is a challenge, there is very little available information of how the storage issue is addressed.

This systematic review aims to identify the trends used for EHR storage (also known as EHR 
persistence) in the researches published between January 2000 and September 2015. In particular, a 
systematic review and an inductive content analysis have been performed in order to learn about EHR 
storage and experiences in building medical systems. The question being addressed in this study is 
whether an emergent consensus (good practice) strategy for EHR storage exists, taking into account 
approaches that use ISO 13606 or openEHR approach, and, therefore, if it is possible to propose a 
common or unified storage approach. 

The remaining sections of this paper are organized as follows. The second section describes the 
materials and methods used to define the systematic review protocol.  The third section shows the 
results of our systematic review. The fourth section, in turn, presents a discussion about the results. 
Finally, the last section presents final considerations.

Methods and Materials

In order to perform this systematic review we defined a systematic review protocol containing the 
eligibility criteria, the exclusion criteria and terms that we would be observing following a systematic 
review methodology8. The eligibility criteria were:

•	 Papers with any of the following terms in their title or abstract: “electronic health records”,”Health 
Information Systems”, “EHR”, “electronic medical records”, “Health Information Systems”.

•	 Papers with the terms “storage” or “persistence”. 
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•	 Papers published between “2000/01/01” and ”2015/09/30”. 

When deciding on the search criteria, we preferred to have a broad scope focused on storage of 
EHRs, rather than searching for each of the specific EHR mechanisms that could be applied for stor-
age, such as relational database, NoSQL, XML databases. We have performed the search in PubMed1, 
IEEE Xplore2 and ScienceDirect3 databases. 

Figure 2 shows the structure of the search performed according to the previously defined search 
criteria. 

(

  “electronic health records”  OR “Health Information Systems” OR “EHR” OR       

  “electronic medical records” OR “Health Information Systems”

)

AND

(

  “storage” OR “persistence”

)

AND (“2000/01/01”:”2015/09/30”)

Figure 2- Search terms used to perform the systematic review.

With the results of the search performed on the selected databases, a two-phase procedure was ad-
opted for the systematic review. In phase 1, also known as screening, the title and abstract have been 
reviewed. The following exclusion criteria were adopted:

•	 Short Papers.
•	 Any paper that does not follow neither openEHR nor the closely related ISO 13606 standard.
•	 Articles not related with storage somehow (Interoperability, Security, Privacy).

In cases where limited information was available in the titles and abstracts, the papers were ac-
cepted for full review. In phase 2 (full review), we reviewed the paper thoroughly. The objective in 
this step was two-fold: to reject those papers that did not fit the purpose of this systematic review 
and, from only those papers that were finally accepted, to extract a set of data items and indicators to 
perform further analysis. 

Results

As a result of the search, 633 papers were found, 20 of which were duplicates. In total 613 papers 
titles and abstracts were screened, and 79 of them were selected for full review, after which it was de-
termined that only 32 papers contained relevant data for the objectives of this research. The summary 
of this systematic review process is presented in Figure 3.

Figure 4 shows the publication date distribution of the selected papers. Note that 2015 only includ-
ed the period between January and September of that year.

1 http://www.pubmed.gov
2 http://ieeexplore.ieee.org
3 http://www.sciencedirect.com
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None of the papers addressed the storage of EHR solutions directly and we tried to identify how 
storage is being achieved in each one of the papers. Some of them are using relational data model 
approach9,10,11,12, although most of them do not detail the storage mechanism13,6,14,15,16,17,18,19,20,21,22,23,24,25. 
Other storage data model are XML26, Data Warehouse27 and NoSQL databases7,28,29.

Most of the researches and EHR systems developed today use some kind of standard, mostly 
openEHR or ISO 13606. With these standards come a lot of architecture definitions, such as Clinical 
Document Architecture (CDA)30, which is an exchange standard and does not define the persistence 
storage requirements for CDA documents.  There is not yet any finalized openEHR specification of 
service interface to aid application developers in creating, accessing, and the storing the EHR con-
tent29. Although storage of EHR records has not being the subject of many researches, effective stor-
age of electronic healthcare record is the key for statistics, analysis and further use28. 
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Figure 3- Systematic review process.
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Figure 4- Publication date distribution of papers.

Discussion

This systematic review analyzed the selected papers searching for the storage mechanisms used. 
The focus was to determine if a standard or best practice exists for EHR archetype storage and watch 
closely the adoption of NoSQL or a non-conventional database approach for EHR storage (e.g., XML, 
object databases). Our reflection on the results of our publication searches confirmed that the decision 
not to include more specific search criteria was appropriate. Using a generic search without including 
specific terms for the types of storage proved to be successful, because it allowed the inclusion of an 
extensive range of storage experiences, using different technologies and standards. As we suspected 
before conducting this systematic review, storage or persistence is not the main concern of research in 
EHR. Yet, the focus of specifications such as openEHR and ISO 13606 is semantic interoperability, 
however, data interoperability is a challenging effort as well. 

We have seen many papers addressing semantic interoperability, integration, communication, 
however, there is not yet much effort in how an EHR system based either on openEHR or ISO 13606 
should do to store its records with their archetype tree-like structure. Once EHR relates to all the 
health-related data about the whole life of a person, it will contain a huge amount of data. Medical 
data must be available for large periods of time (for at least the entire lifespan of the patient), so there 
is a need for a lifelong solution. Otherwise there will be data loss because of the conversion from one 
system to another. Health information systems must be accurate, preventing data mixing, data loss 
and must be available at all times for authorized viewers.  

NoSQL Databases – Archetype based EHR data is logically tree-structured5, and different 
tree-structures appear every time a new archetype is used. Tree structures can of course be mapped 
to relational models31, but you would in that case want to avoid methods that involve too many joins 
at retrieval time and avoid methods that need manual creation of new tables when new archetypes ap-
pear. In relational database models, it is needed to design many tables and a lot of fields to store EHR. 
When the whole EHR of a person is queried, it will involve the connection among the tables, and this 
will weak the system performance, in addition, there will be many empty values. 

Although storage of archetypes using NoSQL solutions were not specified in the search string 
(Figure 2), we were interested in non-conventional approaches of storing archetype records, such as 
NoSQL or XML Databases. Some surveys have been published showing the increasing of NoSQL 
or XML databases6,32 investigates NoSQL and XML databases for clinical models considering the 
performance of them over relational databases33,34. Data models created using NoSQL or other storage 
data model seems promising since the nature of archetype based systems do not fit directly into a re-
lational database without transformation and conversion, what decreases more when the information 
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needs to be retrieved, therefore store the archetype directly without conversions seems appealing, 
once the schema-less feature of non-conventional databases offers great flexibility when a new ar-
chetype arises, without the need to change the whole structure. Additionally, standards for archetype 
query have been developed (e.g., AQL4) to help retrieve records stored as archetype directly without 
any transformation prior to storage. Besides, a system must be designed to be scalable, resilient, open 
for extension, but closed for modification (open/closed principle)35. 

Conclusion

Clinical data are dynamic in nature, often arranged hierarchically and stored as free text and numbers. 
Effective management of clinical data and the transformation of the data into structured format for data 
analysis are therefore challenging issues in electronic health records development. Different standards and 
technical approaches exist (e.g., ISO 13606 and openEHR, using archetypes, or HL7 v3, using templates), 
but there is no formal definition of how store and retrieve archetype-based patient information. Thus, it is 
important clear and well-defined standards or best practices for archetype-based EHR storage.

This research characterized published experiences related to EHR storage between 2000 and 2015, 
in order to obtain a better understanding of the different approaches used for EHR storage. It was 
found that there is no consensus on EHR storage, specially for archetype-based systems. This sug-
gests that it should be possible to create a common or unified methodology for future clinical infor-
mation data modeling for systems that use archetypes. This conclusion is, however, limited, due to 
the selected papers’ lack of detail on the storage details used and how the storage issue is addressed. 
Some measurements and implementation suggestions have been published35. Yet, there is no standard 
for archetype storage. Despite of the popularity of relational databases, the scalability of the NoSQL 
database model and the document-centric data structure of XML databases appear to be promising 
features for effective clinical data management over relational databases. 

As part of our reflection on the set of selected papers, we also observed the cloud computing adop-
tion14,22,7,34. Cloud computing is a promising platform for health information systems in order to reduce 
costs and improve accessibility. The cloud can provide several benefits to all the stakeholders in the 
health care ecosystem through systems such as health information management system, laboratory 
information system, radiology information system, pharmacy information system, etc. With public 
cloud-based EHR systems hospitals do not need to spend a significant portion of their budgets on IT 
infrastructure. Public cloud service providers provide on-demand provisioning of hardware resources 
with pay-per-use pricing models. Thus, hospitals using public cloud-based EHR systems can save on 
upfront capital investments in hardware and data center infrastructure and pay only for the operation-
al expenses of the cloud resources used. The biggest obstacle, however, in the widespread adoption of 
cloud computing technology for EHR systems is security and privacy issues of health care data stored 
in the cloud, due to its out-sourced nature7. Therefore, we envision healthcare systems being created 
in the cloud, storing archetypes in non-conventional databases (NoSQL or XML databases) and pro-
viding semantic interoperability through services offered via cloud service providers.
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