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Abstract

The COVID-19 pandemic had put pressure on various national healthcare systems, due to the lack of health professionals
and exhaustion of those avaliable, as well as lack of interoperability and inability to restructure their IT systems. Therefore,
the restructuring of institutions at all levels is essential, especially at the level of their information systems. Furthermore,
the COVID-19 pandemic had arrived in Portugal at March 2020, with a breakout on the northern region. In order to quickly
respond to the pandemic, the CHUP healthcare institution, known as a research center, has embraced the challenge of
developing and integrating a new approach based on the openEHR standard to interoperate with the institution’s existing
information and its systems. An openEHR clinical modelling methodology was outlined and adopted, followed by a survey
of daily clinical and technical requirements. With the arrival of the virus in Portugal, the CHUP institution has undergone
through constant changes in their working methodologies as well as their openEHR modelling. As a result, an openEHR
patient care workflow for COVID-19 was developed.
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1 Introduction

Interoperability is increasingly viewed as an essential aspect
of an HIS. A complete and understandable EHR - one that
includes all the relevant clinical information concerning a
single patient throughout her/his life - aggregates different
sources of medical data, such as progress notes, lab data
and exam reports, inpatient care or surgery reports. In most
modern hospitals, data is recorded in multiple discrete sys-
tems with limited interoperability. To present this infor-
mation in a logic, readable way, considerable effort must
be placed in ‘bridging’ these systems. Clinical data has a
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complex structure and meaning. Moreover, most HIS were
incrementally built by adding up new modules, each one
of them aiming to solve a particular need of single units or
departments within the hospital, often disregarding interop-
erability. As a result, to develop basic functions like infor-
mation exchanging and sharing is becoming more and more
demanding, consuming precious resources. As a result the
HIS can become increasingly fractured, paving the way to
cumbersome outcomes: increasing probability of clinical
errors, rising costs for the institution, and decreasing the
overall quality of healthcare [1-4].

Thus, the main goal of an HIS is to support the continuity
of care across multiple institutions and healthcare provid-
ers in a ubiquitous, interoperable, and secure way, so as to
facilitate data collection, aggregation, and analysis. This is
the basis to provide a completer and more coherent picture
of the patient, allowing for better clinical judgment and safer
decisions. Furthermore, CDS systems often rely on the same
foundations, to achieve its role as a useful, reliable deci-
sion aid at the point of care. The first COVID-19 outbreak
began in mainland China, and quickly proliferated to the
rest of the world, causing a global pandemic situation [5].
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The current epidemic situation has overloaded healthcare
systems in many countries. This was due to numerous fac-
tors such as insufficient human and material resources, in
face of an increased health care demand. On top of that,
difficulties experienced sharing data on normal day-to-day
work were enhanced by the pressure caused by this pan-
demic, causing more burden to health professionals. In these
emergency times, clinical data produced is a precious asset
useful not only for clinical decisions but for health political
governance, providing updated and on real time information
regarding the pandemic’s evolution. In order to optimize the
workflow for the treatment of patients with COVID-19 in
Portugal, the CHUP institution has developed a new system
based on openEHR specification. Thus, a hybrid solution
that interoperated with existing systems was developed,
ensuring quick and effective communication protocols
between users with minimum effort. The next subchapters
will offer key basic definitions for the development of the
system under study.

1.1 Interoperability in healthcare

In literature, one can find multiple definitions for interoper-
ability. In short, clinical data interoperability is the capac-
ity of two or more systems to interpret data exchanged or
shared between them. Each interoperability level has spe-
cific syntactic, semantic, and cross-domain requirements.
International e-health communities have been advising for
and working on the use of clinical information models as a
mean to increase interoperability [1, 6, 7]. The CEN advo-
cates that proper use of standards is warranted if one aims to
build more reliable and efficient software, while increasing
connectivity with other appliances and components. Thus,
healthcare interoperability can be ensured using IT stand-
ards, with the aim to harmonize and enable interoperability
with external applications as much as possible [8].
Semantic interoperability is critical for the continuous
improvement of patient’s quality of care, global health
research, and the management of healthcare institutions.
It ensures the preservation of meaning while exchanging

Fig. 1 Levels of Interoperability
Achieved Using an openEHR
Approach. Based on [10]
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information is exchanged between different systems [9].
The interdependence of technical and domain-knowledge
is recognized as a barrier to successfully implementing
and regularly updating an HIS. The dual model approach
to information modelling has been gaining traction as a
strategy tackle this problem. In fact, separating the (more
stable) core — the reference model — from the (ever chang-
ing) clinical model, grants the healthcare professionals
more freedom to adjust the EHR to their specific and
evolving needs, while preserving the structure of the HIS
and unloading the IT team.

According to Garde et al., Fig. 1 reveals that “arche-
types are syntactically interoperable this is ensured by
the reference model and semantically interpretable this is
ensured by archetypes themselves. However, archetypes
alone do not ensure semantically interoperable systems
and archetype development must be coordinated through
“Domain Knowledge Governance to avoid incompatible
archetypes for the same concept” [10].

The Pahl’s research work compares two dual-model
standards, namely ISO (International Organization for
Standardization) 13606 and openEHR. Both have their
similarities as they use a two-level domain modelling,
based on the AOM to characterize their clinical content.
However, the archetypes developed by each of them are
very different and are not compatible. Moreover, their
RMs are very different as well as their conceptual struc-
tures [11]. Figure 2 represents a schematic representation
of the only open specification available (openEHR), com-
pared with ISO 13606 and the HL7 CDA specification,
attending to all requirements for a specific propose. Addi-
tionally, ISO 13606 integrates with the openEHR AOM.

ISO 13606 and openEHR can be distinguished between
their purposes. While ISO 13606 is more focused in data
communication, openEHR prioritizes data persistence
[12, 13]. Henceforth, due to the case study’s main objec-
tive of implementing an interoperable system in a pan-
demic situation, the persistence and consultation of data
proves to be important in monitoring the evolution of the
pandemic and the discovery of new knowledge, revealed
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Fig.2 Relationship between
openEHR, CEN 13606, and
HL7 CDA. Adapted by [11]
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from the data produced. Thus, openEHR was the adopted
standard to use and will be briefly described in the fol-
lowing section.

1.2 openEHR

OpenEHR is based on a dual approach separating informa-
tion from domain knowledge, allowing clinical expertise
define how to capture reality without the need to redefine
information model that is stable. Information is represented
through RM, while knowledge is streamlined through AOM
[10, 14]. The RM ensures that contextual meta-data in health
records is taken care of and does not need to be redefined
by each archetype. Also, the AOM presents the clinical
concepts in a combined, structured, and restricted way to
the entities contained in the RM [15, 16]. Fig. 3 shows an
overview of the openEHR architecture implementation as
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well as its different domains and each performer type. In
a knowledge domain level, archetypes and templates are
developed on a specific platform by clinical experts. This
modelling process acts as a well-defined semantic gateway to
terminologies, classifications and clinical guidelines. On the
other hand, the IT specialist is responsible for the software
coding with the RM and its integration with the AOM. The
distributed system approach allows an easy development of
one or more healthcare systems and their GUIs, with differ-
ent kind of users [11, 12].

In terms of data protection, an openEHR approach
ensures data resilience, maintaining them in the system in a
historic and revision approach. Each change in the patient’s
EHR is saved through the audit system, which offers a high
reliability to the structure. Finally, the patients’ clinical data
is separated from their administrative data, ensuring the
patient’s confidentiality [16, 17].
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1.2.1 Main Goals, Features, and Benefits

Consistently modelling health information according to the
openEHR specification allows the establishment of seman-
tic interoperability between HISs and within them, avoiding
data blocking by data providers. Moreover, it is an open
standard, allowing everyone to reuse clinical model defined
and improve it. Its documentation is complete and is con-
stantly updated by the community.

On a technical approach, the separation of the openEHR
architecture also allows for a better division of tasks dur-
ing its implementation. Therefore, it is straightforward to
identify the kind of professionals that will be responsible
for each tier of the information model: the technical RM
and the clinical AOM. The clinical experts’ collaboration is
extremely important, as it allows for a continuous upgrade of
the AOM’s structures and a constant evolution in the embed-
ded knowledge. This possibility is supported by openEHR’s
versioning system, without invalidating reuse of previously
used structures.

Archetypes and templates are the main artifacts of
openEHR. They are multilingual and complemented with
international terminologies, avoiding unnecessary process-
ing of data. Therefore, as terminologies are global standards,
the retrieval information process is semantically effective
and independent of any system [18]. The RM is stable and
sustainable by IT experts. It is completely independent of
software applications and technologies, enabling lifelong
and application independent EHRs. This approach supports
many features required by complex clinical record mainte-
nance, such as record versioning, an audit system , strong
and complex structures of encounters and events, a specific
AQL, and reliable data safety tools [19].

1.2.2 Implementations

In 2013, the article “Survey of openEHR storage implemen-
tations” reported that there were already around 16 projects
based on an openEHR implementation. Their results had
revealed that 11 in 16 projects have adopted a RDBMS for
persistence and querying. The study also discloses that 7
of the projects had a non-commercial licensing. Further-
more, most APIs were developed using SOAP and the REST
architecture. At the time of publishing, some of those sys-
tems were under development, while others were still in
experimental phases, and some of them in production [20].
Hence, after 7 years, several projects were developed based
on openEHR approaches in the most diverse areas of health-
care. However, there are still few research projects published
on this subject applied to the COVID-19 pandemic.

In Sweden, a system called VERA - Virtual Emergency
Room Administrator - was developed and consists of a proto-
type for an electronic emergency record using the openEHR
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standard and the EHRScape cloud service. Although this
work did not appear in the context of the pandemic, it is
adaptable in an emergency context with COVID-19 openEHR
models [21]. Also, in India, the authors of a blockchain study
in Healthcare context “reviewed the major uses of blockchain
in clinical data security and management”. They defended
the use of blockchain in healthcare to achieve secure storage
and integrity protection, privacy and ownership of data, data
sharing, traceability, and accountability of data. Finally, in
Germany, a study initiated an open-access platform for data
collection of patients with COVID-19, helping conducting
clinical trials for new diagnostic and therapeutic options
[22]. Concerning the modelling process of openEHR struc-
tures, the collaboration of international institutions had rec-
ommended a methodology on how to develop an openEHR
template from the collected data items according to COVID-
19 guidelines, and how to review and release the created
template. As a result, the template has been uploaded into
the CKM platform with the name “COVID-19 Pneumonia
Diagnosis and Treatment [7th edition]” [23].

1.3 Motivation

As previously mentioned, this unexpected pandemic had
instigated the collapse of healthcare systems in several
countries, warranting a restructuring of institutions at prac-
tically all levels. In Portugal, the first COVID-19 case was
diagnosed at the Centro Hospitalar Universitario do Porto
in early March 2020. Facing a crisis of unknown propor-
tions, the institution had decided to develop a add-on to the
implemented HIS, based on the openEHR specification,
supporting the workflow associated with suspected and
confirmed cases, in order to quickly respond to the local
growth of the pandemic. Resourcing to a multidisciplinary
team of researchers and healthcare professionals developing
the future EHR of CHUP, the process started with a frontline
process mining and its subsequent openEHR modelling. This
case study aims to answer several research questions raised
during the implementation of new approaches in HIS. These
research questions include:

RQ1: What is the relevance of using global clinical stand-
ards to promote Interoperability in Healthcare Institutions?

RQ2: Is openEHR feasible for designing and developing
a new clinical workflow in a pandemic situation?

RQ3: How to integrate the new workflow developed in
the institution’s Information Systems?

2 Methods

To develop well-founded templates that can support the
healthcare process and store all relevant patient information, a
methodology on how to develop and support these structures
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Fig.4 Modelling method for
development of openEHR
structures

Collect COVID-19 Data
Requirements

Normalize and Organize Concepts

Search CKM Archetypes

Archetypes Exist? > Create new Archetypes

Edit Archetypes Based on
Institution Domain Concepts

Review Archetypes

Create New Template

was defined and adopted (Fig. 4). As knowledge regarding
COVID-19 was starting to be shared among the medical
community, a requirement elicitation process allowed for the
identification of the concepts to store, and how to represent
them. Regarding modeling, queries on the openEHR CKM
had returned useful structures, and new COVID-19-specific
archetypes and templates developed by the community com-
plemented them. From that basis, the modelling tool used
was the Archetype Designer by Better in partnership with
the international openEHR community [24].

In order to collect the domain concepts for modeling,
it was necessary to analyze the institution’s needs at the
administrative and clinical levels. Throughout the process,
communication between the CHUP institution and patients

Review New Template Template Developed

was constant and direct, through text messages and phone
calls. The workflow of health professional’s workflow during
the pandemic was thus derived and shown in Fig. 5.

In the first wave, access to hospital due to suspect for
COVID-19 were mainly controlled by SNS24, through tele-
phone referral. Patients were assessed in COVID-19 screening
area and sent to home after collecting sample to SARS-CoV2
when their clinical condition permitted. Results were sent by
SMS when negative to SARS-CoV?2 or shared by phone if the
first method wasn’t successful. Patients with a positive result,
was assessed by phone regarding disease severity and sent to
home-based care or sent to the hospital for additional study
and possible admission to ward.

@ Springer
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Fig.5 Patient Treatment Flow COVID-19 in CHUP

Surveillance of patients with home-based care was carried
out through self-monitoring complemented by active monitor-
ing by health professional.

3 Results

The adoption of a new system based on the openEHR speci-
fication has allowed health professionals to optimize and
automate their medical workflows, especially during the
COVID-19 pandemic. Multiple archetypes hosted in CKM
were used, witch demonstrate the importance of sharing
clinical models.

Furthermore, a platform for patient monitoring and refer-
ral was developed, including web applications and a micros-
ervice-based infrastructure. Since the implementation of the
proposed system and its COVID-19 workflow, thousands of
compositions were submitted and processed. To present the
project’s KPIs, several metrics of the platform’s usage were

@ Springer
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gathered and analyzed using data visualization software,
namely Tableau Desktop.

The results presented are subdivided in terms of model-
ling process and the extraction of clinical knowledge. In
order to support the proposed patient treating flow monitor,
monitoring them during their recovery, multiple templates
were developed. On Fig. 6 a representation of which arche-
types were used in each created template is presented.

The developed templates were used to support a platform
for monitoring patients during the COVID-19 pandemic. Fig-
ure 7 shows the total number of COVID-19 openEHR records
submitted during the first wave, from March to June 2020.

Then, Fig. 8 presents the number of submitted templates
from February to May, per template. The majority of the
submitted templates are related to the developed self-mon-
itoring application, where confirmed positive patients were
able to submit their symptoms. As patients were reminded
two times per day by text message, a high number of submit-
ted templates was expected.
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Fig.6 Representation of the archetypes used in the created templates

By using the date range between the “Initial Patient Reg-
istration” and the “Telephone Referral” templates, it is pos-
sible to calculate how much time a patient had to wait for
their COVID-19 test results. Figure 9 shows how the aver-
age waiting time for the COVID-19 test varies since it was
performed.
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Fig. 7 Records submitted based on the openEHR structures developed
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With the dual architecture implemented, it was possible
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Fig.8 Submitted Templates per template

This approach allowed the reuse of archetypes in dif-
ferent templates throughout the COVID-19 patient care
workflow.

In addition, these templates have been adopted in dif-
ferent contexts, confirming a careful and extensive clinical
modelling.

The most rewarding feature of using openEHR is its high
flexibility in the face of constantly changing knowledge
scenarios.
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When changing clinical knowledge, it was only necessary
to change the template, maintaining the uniformity of the
software involved in the openEHR system.

Modelling process must be accompanied by the necessary
clinical guidelines to maintain data integrity in a specific
clinical context, and must always be developed as a continu-
ous process so that its update is quick and effective.

With the results of this study, it is possible to answer the
research questions proposed initially.
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Fig.9 Average COVID-19 Test Waiting Time
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What is the relevance of using global clinical standards to
promote Interoperability in Healthcare Institutions?

The use of global standards ensures the symbiosis of
reliable and ubiquitous software with other devices and
components. These standards establish interoperability in
different contexts, allowing communication with external
applications. In a clinical domain, the use of openEHR
standard allows the reuse of the clinical data model defined
at an international level, with the commitment of local
needs. Figure 6 reveals the potential of reusing archetypes
to develop structures (templates) for specific use cases.
Thus, the implementation of an international standard such
as openEHR allows institutions to achieve their different
levels of interoperability (semantic, syntactic and struc-
tural), ensuring the ability to use technology to share, as
well as exchange data from hospitals, laboratories, pharma-
cies, etc. Consequently, with a high level of interoperability
in healthcare institutions improves the patients’ experience,
shortens waiting times, improves and simplifies clinical
records, decreases costs associated with previous methods
as well as possible errors, preserves patient privacy, among
others.

Is openEHR feasible for designing and developing a new
clinical workflow in a pandemic situation?

In a pandemic situation, the clinical guidelines and clinical
knowledge are constantly improving and changing, translating
into a need to implement a type of architecture that allows to
distribute the development process by clinical and IT experts,
complementing each other. The adoption of a dual architec-
ture approach, which separates the reference model with the
archetype model, translates into a continuous improvement,
with dynamic and constantly changing modelling structures.
For this to be possible, it is necessary to first outline a model-
ling methodology that allows clinical experts to model in a
consistent and reusable way. On the other hand, it is necessary
to develop the workflow for each case study to model. In a pan-
demic case study, it is necessary to understand the first steps
for the identification and tracking of the patient, modelling
them. After the patient tracking , it is essential to understand
the possible paths that the patient can take from the admission
time. If the patient has not been discharged from hospital, the
different types of hospitalization - hospital or home care - must
be properly modeled and followed up until discharge.

How to integrate the new workflow developed in the insti-
tution’s Information Systems?

Firstly, a dynamic GUI framework should be developed to
interpret the templates modelled through the proposed mod-
elling methodology. Subsequently, the developed templates
must be transposed and visualized through the developed

framework, so that they can be used later in all target IT’s,
both for data entry and visualization. To make this possible,
mechanisms must be developed to insert and retrieve data
from the different legacy systems already used in the institu-
tion, mapping them with the modelled openEHR structures.

5 Conclusions and future work

This case study is part of a pilot project for the implementa-
tion of openEHR at the CHUP institution. After analyzing
the institution’s needs, it was decided to adopt the openEHR
clinical methodology, with the support of a vast international
community and constantly evolving around the world. The
research archetype proposed and developed was put in place
during the beginning of the COVID-19 pandemic in Portugal,
helping the institution and its health professionals to organize
themselves in times of crisis and high pressure. The methodol-
ogy also allowed the institution to be able to outline its clinical
guidelines in a structured way, as well as deal with its constant
changes. Based on the different results until we reached the
final COVID-19 workflow and the constant feedback from
users, the developed system proved to be quick to change,
adapt and employ, resulting in a high gain for the institution.
The system translates into dynamic flexibility associated with
the current pandemic, being able to easily interoperate with
other HISs. Through standardized and structured data records,
it was possible to quickly obtain the most diverse indicators
both in terms of their workflow and also of the development
of the pandemic in the healthcare institution.

As a future work, it is necessary to identify and develop
the Demographic Information Model so that it is possible
to identify different attributes and relationships of demo-
graphic entities that exist independently of particular
clinical involvement or participation in particular events.
After that, it is inevitable to develop the EHR Information
Model so that the implementation of the RM is complete.
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type Definition Language; AOM: Archetype Object Mode; AQL: Arche-
type Querying Language; CHUP: Centro Hospitalar Universitario do
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Manager; EHR: Electronic Health Record; CEN: European Committee
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ogy; IHR: International Health Regulation ; ISO: International Stand-
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