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Abstract. This work aims to describe how EHRs have been used to meet the needs
of healthcare providers and researchers in a 1,300-beds tertiary Hospital during
COVID-19 pandemic. For this purpose, essential clinical concepts were identified
and standardized with LOINC and SNOMED CT. After that, these concepts were
implemented in EHR systems and based on them, data tools, such as clinical alerts,
dynamic patient lists and a clinical follow-up dashboard, were developed for
healthcare support. In addition, these data were incorporated into standardized
repositories and COVID-19 databases to improve clinical research on this new
disease. In conclusion, standardized EHRs allowed implementation of useful multi-
purpose data resources in a major Hospital in the course of the pandemic.
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1. Introduction

COVID-19 has been the major health challenge in recent decades, being declared a state
of pandemic on March 11, 2020 by WHO [1]. According to official figures, there were
a total of 88,387,352 confirmed cases and 1,919,204 deaths registered as of January 12,
2021 [2]. This work was developed in the “12 de Octubre” University Hospital [3], a
1,300-beds tertiary hospital from Madrid Region (Spain), where official sources
estimated a total of 434,103 positive cases and 12,001 deaths on January 7, 2021 [4].

In this critical scenario, Electronic Health Records (EHRs) must provide an agile
response to the needs of healthcare providers and researchers through a useful data
exploitation [5]. To that end, representation and exchange of information with full
meaning, known as semantic interoperability [6], is a goal to achieve for primary and
secondary uses [7, 8]. This allows having complete and coherent information regardless
of where it was generated, with no errors due to loss of meaning or context [9].

Thus, this work aims to describe how EHRs have been used to supply healthcare
and research needs in a major Hospital during the COVID-19 pandemic.

! Corresponding Author, Miguel Pedrera Jiménez, Hospital Universitario 12 de Octubre, Av. de Cérdoba
s/n, 28041 Madrid Spain; E-mail: miguel.pedrera@salud.madrid.org.



M. Pedrera et al. / Use of EHRs in a Tertiary Hospital During COVID-19 Pandemic 29
2. Methods

The methodology proposed is supported by previous studies on health information [8,
10], and it is formed by two stages. First, new clinical concepts essential to cope with the
pandemic situation were identified and standardized. Secondly, these concepts were
implemented in Hospital’s EHR systems and based on them, data functionalities were
provided to healthcare professionals and researchers.

2.1. Standardization of relevant COVID-19 concepts

Development of useful data tools require a complete set of structured and standardized
variables to be included into the systems and updated in real time. This was carried out
gradually as different needs appeared on the daily basis, through collaboration between
clinical-domain experts, terminologists and computer scientists. Thus, two subsets of
COVID-19 concepts were identified: observations for SARS-COV-2 diagnostic tests and
clinical alerts necessary to identify infected and at-risk patients.

2.1.1. Observable entities for COVID-19 diagnostic tests

Initially, it was necessary to record data on SARS-COV-2 diagnostic testing in a
standardized manner. Two different concepts were identified: detection test by NAA,
standardized in March 2020, and rapid immunoassay test, included in September 2020.

Semantic binding was done using LOINC terminology [11], which specified a broad
set of concepts for laboratory testing of COVID-19 [12]. Likewise, this standard is part
of the recommendations of the Spanish Ministry of Health [13] and has been adopted by
the Hospital for the Laboratory Information System (LIS). Table 1 shows this
specification of standard observations and the date of implementation.

Table 1. Observable entities for COVID-19 diagnostic tests standardized with LOINC.

Concept ID Implementation date Description
94315-9 2020-03-17 SARS-related coronavirus E gene [Presence] in Specimen by
NAA with probe detection
94558-4 2020-09-29 SARS-CoV-2 (COVID-19) Ag [Presence] in Respiratory

specimen by Rapid immunoassay

2.1.2. Clinical alerts and COVID-19 diagnoses

The most crucial task during pandemic is to classify patients according to whether they
are diagnosed, suspected or discarded COVID-19 disease. This identification was done
implementing alerts based on WHO specifications [14]. In order to provide a more
accurate monitoring of the evolution of patients, additional alerts were included:
“respiratory risk” and “patient from nursing home”. Thus, since March 2020, every
patient admitted to the Hospital has been labelled with them.

Following the Health Ministry of Spain and Hospital strategy [13, 15], these
concepts were terminologically linked to SNOMED CT [16], which also has developed
several resources for COVID-19 [17]. The latest global version of this terminology was
used, as well as the Spanish National Extension [15], for those not found in International
Edition. Table 2 shows the set of concepts for COVID-19 alerts standardized with
SNOMED-CT and the date of implementation.
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Table 2. Clinical alerts for COVID-19 standardized with SNOMED-CT.

Concept ID Implementation date Description
63681000122103 2020-03-08 Diagnoses disease caused by 2019 novel
coronavirus with specific  diagnostic tests
62811000122102 2020-03-17 Diagnoses disease caused by 2019 novel
coronavirus without specific diagnostic tests
840544004 2020-03-08 Suspected disease caused by 2019 novel coronavirus
688232241000119100 2020-04-15 Discarded disease caused by 2019 novel coronavirus
704296008 2020-03-08 At risk of impaired respiratory system function
160734000 2020-03-20 Lives in a nursing home

2.2. Implementation in information systems

Once these concepts were modelled and standardized, they were implemented in
Hospital's EHR systems. Our main information system for hospitalization is DXC HCIS
version 3.10.5. Thus, different tools were developed in this system to support healthcare
of COVID-19 patients. Similarly, research systems were improved to facilitate secondary
uses: concepts for COVID-19 were loaded into an i2b2 repository [18], and a mechanism
was built for automated population of RedCap databases from EHRs [19].

3. Results

The main result of the work was the development of a set of data tools based on the
standardized EHRs previously described. These functionalities have two main purposes:
improve the management and healthcare and facilitate the research on this new disease.

3.1. Healthcare tools for COVID-19

3.1.1. Clinical alerts

Clinical alerts to manage the COVID-19 cohort were implemented in the EHR system.
The "COVID-19 confirmed case" alert is automatically activated when the system
detects a positive diagnostic test. The same way, the "respiratory risk" alert is
automatically activated when determined vital signs are abnormal. The rest of alerts must
be activated manually by clinicians. Table 3 shows the volume of records stored in the
system and how many different patients they refer to, up to January 13, 2021.

Table 3. Volume of clinical alerts from COVID-19 cohort.

Alert Records Patients

Diagnoses disease caused by 2019 novel coronavirus with specific 5799 5295
diagnostic tests

Diagnoses disease caused by 2019 novel coronavirus without specific 1242 1151
diagnostic tests

Suspected disease caused by 2019 novel coronavirus 1722 1533
Discarded disease caused by 2019 novel coronavirus 12057 11351
At risk of impaired respiratory system function 4659 4322

Lives in a nursing home 56 56
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3.1.2. Dynamic patient lists

Based on the standardized alerts described before, dynamic patient lists were
implemented. They show, in real time, hospitalized patients that meet criteria established
as, for instance, confirmed or diagnosed COVID-19 patients at respiratory risk. In
addition, cumulative patient lists were also created for public health purposes.

3.1.3. Clinical follow-up dashboard

For the collection and visualization of patient-level data, it was necessary to equip the
EHR system with a COVID-19 dashboard. This functionality allows standardized data
entry during healthcare activity through clinical forms and displays together data from
different systems that, otherwise, would be disaggregated into multiple ones.

3.2. Research tools for COVID-19

3.2.1. i2b2 repository and TriNetX platform

In order to carry out an adequate secondary use of EHRs [20], known as Real World
Data (RWD), the information stored in the healthcare systems is centralized in the
Hospital’s i2b2 repository [21]. This repository has allowed the Hospital to participate
in the 4CE Consortium for COVID-19 of the i2b2 tranSMART Foundation [22]. In the
same way, through TriNetX platform [23], our professionals are able to query the
contained data to manage the patient cohort and build research hypotheses.

3.2.2. RedCap databases and ISARIC-WHO CRF

Data collection is an essential part of clinical research but is very demanding if done
manually. To avoid this, in COVID-19's research, a process has been developed to
automatically extract, transform, and load EHRs into databases implemented in RedCap,
using its API and RStudio [24]. The first database generated in an automated way was
the one designed and implemented by the ISARIC Consortium [25].

4. Conclusions

The standardization of COVID-19 concepts has allowed the implementation of useful
healthcare and management tools based on EHRs. This was essential in a critical
situation like the one experienced during the beginning of the pandemic, where the large
number of patients and their complexity made it difficult to identify their infection and
risk status. Likewise, this has allowed improving clinical research in this new disease
through standardized repositories and COVID-19 databases.
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