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Abstract

Due to the COVID-19 pandemic, changes and improvements
regarding the organization have been made to adapt quickly at
the Emergency Department (ED) of the Hospital Italiano de
Buenos Aires, Argentina. This article describes the design,
implementation, and use of an electronic dashboard which
provided monitoring of patients discharged home, during
Jollow-up with telehealth. It was useful to access essential
information to organize and coordinate professional work and
patients’ surveillance, providing highly relevant data in real-
time as proxy variables for quality and safety during home

isolation. The implemented tool innovated in the integration of

technologies within a real context. The information
management was crucial to optimize services and decision-
making, as well to guarantee safety for healthcare workers and
patients.
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Introduction

On March 20, 2020 Argentina’s government declared a national
emergency to battle the COVID-19 pandemic with a lockdown
status and begin mandatory quarantine [1]. However, the
Emergency Department (ED) suffers from a long time ago
(predates this pandemic), a worldwide phenomenon called
crowding [2, 3]. In light of possible saturation of the health
system, with the aim to optimize the availability of hospital
beds [4], it was not until June 2020 that our Ministry of Health
enabled the management of confirmed COVID-19 cases with
mild clinical symptoms or asymptomatic as outpatients.
Consequently, our institution began on June 22, 2020, to
discharge home those patients (COVID-19 confirmed) with
mild clinical symptoms or asymptomatic, immediately after the
initial evaluation and diagnosis at the ED. We used telehealth
to follow up these patients (during isolation at home), and it was
almost mandatory to make some evaluation of outcomes related
[5]. Quality and safety are allowed review through an electronic
dashboard, which provides an opportunity for real-time
assessment and intervention.

Availability of reliable data has for a long time been a challenge
for health programmes in Argentina. We already know from
literature that poor investment in health information systems
has led to challenges like weak human resource capacity, data
infrastructure deficits, weak monitoring and supervision and
non-existent feedback on data quality [6,7].

From literature review, we already know that technology helps
patient care and professional workflow [8]. There are even
more sophisticated experiences, such as South Korea, where
they adopted a vital sign monitoring mobile app and smart
devices so that medical personnel could view the vital signs and
symptoms of all patients [9].

In this contextual framework, changes and improvements
regarding the organization were necessary to adapt quickly. An
electronic dashboard innovates in the integration of
technologies within a real context; it brings the benefit to
quickly adapt in real-time [10] to growing demand, typical of
epidemiological pandemic variations. In this way, it should help
clinical decision-making [11] and hospital administration [12].

This paper aimed to describe the design, implementation, and
use of an electronic dashboard that would allow visualizing
indicators of telehealth follow up through the use of
engineering and data science.

Methods

Setting and data collection

This study took place at Hospital Italiano de Buenos Aires, a
community-based tertiary care hospital located in Buenos
Aires, Argentina. It has an ED that provides services for
unscheduled consultations 24 hours a day, 365 days a year, and
usually attends about 160,000 consultations annually.

All patient health information is stored in a single Clinical Data
Repository (CDR) fed by the hospital electronic health record
(EHR). The CDR stores clinical documents for each patient,
with the highest quality standards worldwide. The hospital
health system has been evaluated by a recognized international
organization (HIMSS, Level 7+) and accredited by the Joint
Commission International.

Design and development

The Biostatistics and Business Intelligence team at the Health
Informatics Department and the ED team set the requirements
for the project, which were ready in July 2020.

Several transactional systems were analyzed for data collection
and taken into consideration to feed the dashboard. These
transactional systems, such as Patient Admission System,
Triage, EHR, Laboratory, and COVID-Enroller, served as input
of crucial variables needed for this project. We use Pentaho as
an ETL (Extract, Transform and Load) tool to bring this data
from transactional systems and save it in our data warehouse
and make the data modeling needed to maintain data quality. In
this way, we agglutinated in our data warehouse all the
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information required from several transactional systems of the
hospital to load the data accurately in the dashboard. We
applied Business Intelligence (BI) using IBM’s BI Cognos
Analytics. This tool puts together the metadata to visualize the
information through indicators placed in an interactive
dashboard. The user can manage the system to follow-up active
COVID-19 patients.

Results

Telehealth follow-up

All patients involved were followed after discharge from the
ED using a telehealth program. At the diagnosis, a video-call
consultation was scheduled between patients and physicians.
As interfaces, patients used their Personal Health Records
(PHR), and the health team used the EHR; both systems are
interconnected to perform proper audio, chat, and video-call
communication. The development of the tool was previously
designed ad hoc at the hospital (Figure 1).

Figure 1. Teleconsultation system, EHR view.

When receiving a positive test result, patients were scheduled
with a first video call up to 24 hours after discharge from the
ED. Based on the assessed clinical status of the patient during
first control (examples: persistent dyspnea or fever,
comorbidities, and risk factors), physicians rescheduled a
second appointment for the next 24 to 72 hours. Based on
findings at the second encounter, they were able to reschedule
a third one, if needed. This remote surveillance of outpatients
ended up to ten days after diagnosis (from ED discharged).

Dashboard prototype
The resulting dashboard prototype is presented in Figure 2.
Figure 2. Dashboard prototype (screenshot from April 2021)
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Every 24 hours, the system automatically updated the
information, including real-time data up to the previous day.
Initially, the three most relevant indicators of the dashboard
were: (a) Cumulative number of active outpatients being
followed with telehealth; (b) Number of patients by day of
follow-up (1 to 14), this allows to visualize fluctuating
epidemiological variations of cases; (¢) Number of patients by
insurance, to organize human resources and workflow.

The Argentinian health system is composed of a complex
network of service providers, which fall into three different
subsectors: (i) public, (ii) private; and (iii) private health
insurance, which includes a variety of plans. Our hospital only
guarantees telemedicine follow-up for people affiliated with
our own private insurance plan (PS-HIBA), with approximately
160.000 patients.

In practice, it behaves as a dynamic prospective cohort of
patients being followed over time, from the initial evaluation
and diagnosis until 14 days after ED discharge, exploring rates
of specific outcomes as needed. After 14 days, discharged
patients were withdrawn from the dashboard.

Implementation and Use

The dashboard has been used since July 27, 2020, displaying
reliable and real-time information. The number of active cases
increased week-by-week after its implementation (Figure 3). A
total of 1,239 patients were discharged home (for outpatients
management) from the ED and followed with telemedicine
between June 23, 2020, and August 23, 2020.

Figure 3. Cumulative COVID-19 outpatients by weeks after
dashboard implementation on July 2020
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Up Date for healthcare quality and safety indicators

Based on this previous experience with only descriptive
information, in December 2020 we added new outcomes to
monitoring patient-safety, defined as the occurrence of: a new
face-to-face consultation in ED, or a further unscheduled
hospitalization. Both outcomes were included as primary
indicators of dashboard (proxy variables of safety during
isolation with telehealth follow up): ED-readmission rates and
hospitalization rate, reported as a cumulative incidence within
14 days of follow up until epidemiological discharge (18% and
4% respectively in Figure 4 on April 30, 2021). Monitoring
these indicators played a crucial role in the health care system.
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Figure 4. Healthcare quality and safety of COVID-19
outpatients. X axis contains three bars with real-time date of':
(orange) total number of active COVID outpatients; (vellow)

ED-readmission rate, (green) hospitalization rate.
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Discussion

The experience of developing our prototype and designing the
software to meet specific and tailored requirements, allowed the
surveillance and evaluation of confirmed COVID-19 cases for
outpatient management, developed in record time, and centered
on user needs. Related outcomes after ED discharge could have
tremendous implications for care quality, public health, disease
surveillance, and practice-based learning across a great many
use-cases.

The main strengths of this project were: (a) data quality; (b) it
was easily understood by end-users (physicians, researchers,
and decision making authorities) to track the outbreak as it
developed; (c¢) data privacy: patient confidentiality was
guaranteed, the data was de-identified, and the access to the
dashboard was restricted only to staff and by using a secure
username and password. Despite this, the article describes a
unicentric study, hard to generalize to other centers due to the
tailored development; although easily reproducible.

Dashboards have recently received the spotlight as healthcare
information technology to support healthcare decision-making
and tasks [13].

The data could be used to inform healthcare planning in
preparation for the next phase of the pandemic. Having accurate
and timely information presented in a user-friendly way would
give us a better understanding of the situation to make better
decisions when caring for patient health [14]. The next step, for
the future, could be to create and validate a prediction tool for
in-hospital mortality to support frontline clinical decision
making [15].

Conclusions

This information provided by the interactive dashboard, with
reliable and real-time data, was crucial to optimize services and
decision-making (in terms of human resource: needs, quantity
and functions), as well to guarantee safety for patients, and
healthcare workers.

Related outcomes after ED discharge, through the use of
engineering and data science, could have tremendous
implications for care quality, public health, disease
surveillance, and practice-based learning across a great many
use-cases.

Acknowledgments

We would like to thank all healthcare workers during the
pandemic, especially those at the Emergency Department. We

also appreciate Dr Javier Pollan (Chief of Internal Medicine
Department) and Dr Diego Giunta (Chief of Internal Medicine
Research Unit) for general support of this project.

References

[1] BOLETIN OFICIAL REPUBLICA ARGENTINA -
AISLAMIENTO SOCIAL PREVENTIVO Y
OBLIGATORIO - Decreto 297/2020. Available from:
https://www.boletinoficial.gob.ar/detalleAviso/primera/
227042

2] Rasouli HR, Esfahani AA, Nobakht M, Eskandari M,
Mahmoodi S, Goodarzi H, et al. Outcomes of Crowding
in Emergency Departments; a Systematic Review. Arch
Acad Emerg Med 2019 Aug 28;7(1):e52.

[3] Giunta DH, Pedretti AS, Elizondo CM, Grande Ratti
MEF, Gonzalez Bernaldo de Quiros F, Waisman GD, et
al. [Analysis of Crowding in an Adult Emergency
Department of a tertiary university hospital]. Rev Med
Chil 2017 May;145(5):557-63. Available from:
http://dx.doi.org/10.4067/S0034-98872017000500001

[4] Morley C, Unwin M, Peterson GM, Stankovich J,
Kinsman L. Emergency department crowding: A
systematic review of causes, consequences and
solutions. PLoS One 2018 Aug 30;13(8):¢0203316.
Available from:
http://dx.doi.org/10.1371/journal.pone.0203316

[5] Kim CH, Lieng MK, Rylee TL, Gee KA, Marcin JP,
Melnikow JA. School-Based Telemedicine
Interventions for Asthma: A Systematic Review. Acad
Pediatr 2020 Sep;20(7):893-901. Available from:
http://dx.doi.org/10.1016/j.acap.2020.05.008

[6] The Data for Decision Making project: assessment of
surveillance systems in developing countries to improve
access to public health information. Public Health 2008
Sep 1;122(9):914-22. Available from:
http://dx.doi.org/10.1016/j.puhe.2007.11.002

[7] Pappaioanou M, Malison M, Wilkins K, Otto B,
Goodman RA, Churchill RE, et al. Strengthening
capacity in developing countries for evidence-based
public health: the data for decision-making project. Soc
Sci Med 2003 Nov;57(10):1925-37. Available from:
http://dx.doi.org/10.1016/50277-9536(03)00058-3

[8] Giraldo L, Schachner B, Luna D, Benitez S. Electronic
Whiteboard in the Inpatient Care Management: Nurses’
Perceptions About the Use. Stud Health Technol Inform
2020  Jun 16;270:188-92. Available from:
http://dx.doi.org/10.3233/SHTI200148

[9] Bae YS, Kim KH, Choi SW, Ko T, Jeong CW, Cho B,
et al. Information Technology-Based Management of
Clinically Healthy COVID-19 Patients: Lessons From a
Living and Treatment Support Center Operated by Seoul
National University Hospital. ] Med Internet Res 2020
Jun 12;22(6):¢19938. Available from:
http://dx.doi.org/10.2196/19938

[10] Franklin A, Gantela S, Shifarraw S, Johnson TR,
Robinson DJ, King BR, et al. Dashboard visualizations:
Supporting real-time throughput decision-making. J


https://paperpile.com/c/bQI18a/Klo4
https://paperpile.com/c/bQI18a/AlZL
https://paperpile.com/c/bQI18a/FXu0
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/Qk2Z
http://paperpile.com/b/bQI18a/Qk2Z
http://paperpile.com/b/bQI18a/Qk2Z
http://paperpile.com/b/bQI18a/Qk2Z
https://www.boletinoficial.gob.ar/detalleAviso/primera/227042
https://www.boletinoficial.gob.ar/detalleAviso/primera/227042
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/0689
http://paperpile.com/b/bQI18a/0689
http://paperpile.com/b/bQI18a/0689
http://paperpile.com/b/bQI18a/0689
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/Fkif
http://paperpile.com/b/bQI18a/Fkif
http://paperpile.com/b/bQI18a/Fkif
http://paperpile.com/b/bQI18a/Fkif
http://paperpile.com/b/bQI18a/Fkif
http://paperpile.com/b/bQI18a/Fkif
http://dx.doi.org/10.4067/S0034-98872017000500001
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/5SlR
http://paperpile.com/b/bQI18a/5SlR
http://paperpile.com/b/bQI18a/5SlR
http://paperpile.com/b/bQI18a/5SlR
http://paperpile.com/b/bQI18a/5SlR
http://paperpile.com/b/bQI18a/5SlR
http://dx.doi.org/10.1371/journal.pone.0203316
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/Geau
http://paperpile.com/b/bQI18a/Geau
http://paperpile.com/b/bQI18a/Geau
http://paperpile.com/b/bQI18a/Geau
http://dx.doi.org/10.1016/j.acap.2020.05.008
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/3ev7
http://paperpile.com/b/bQI18a/3ev7
http://paperpile.com/b/bQI18a/3ev7
http://paperpile.com/b/bQI18a/3ev7
http://dx.doi.org/10.1016/j.puhe.2007.11.002
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/aTTz
http://paperpile.com/b/bQI18a/aTTz
http://paperpile.com/b/bQI18a/aTTz
http://paperpile.com/b/bQI18a/aTTz
http://paperpile.com/b/bQI18a/aTTz
http://paperpile.com/b/bQI18a/aTTz
http://dx.doi.org/10.1016/s0277-9536(03)00058-3
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/TJnH
http://paperpile.com/b/bQI18a/TJnH
http://paperpile.com/b/bQI18a/TJnH
http://paperpile.com/b/bQI18a/TJnH
http://dx.doi.org/10.3233/SHTI200148
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://paperpile.com/b/bQI18a/vWXf
http://dx.doi.org/10.2196/19938
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/5pEq
http://paperpile.com/b/bQI18a/5pEq
http://paperpile.com/b/bQI18a/5pEq

372 A.S. Pedretti et al. / Evaluation of Telehealth Service for COVID-19 Outpatients

Biomed Inform 2017 Jul;71:211-21. Available from:
http://dx.doi.org/10.1016/j.jbi.2017.05.024

[11] Dowding D, Randell R, Gardner P, Fitzpatrick G, Dykes
P, Favela J, et al. Dashboards for improving patient care:
review of the literature. Int J Med Inform 2015
Feb;84(2):87-100. Available from:
http://dx.doi.org/10.1016/j.ijmedinf.2014.10.001

[12] Randell R, Greenhalgh J, Wyatt J, Gardner P, Pearman
A, Honey S, et al. Electronic whiteboards: review of the
literature. Stud Health Technol Inform 2015;210:389—
93.

[13] Alotaibi YK, Federico F. The impact of health
information technology on patient safety. Saudi Med J
2017 Dec;38(12):1173-80. Available from:
http://dx.doi.org/10.15537/sm;j.2017.12.2063 1

[14] Boietti B, Mirofsky M, Valentini R y col. Registro
Multicéntrico Argentino de Pacientes Internados por
Covid-19 (REMA Covid-19): presentacion del
proyecto. Rev Arg Med 2020;8(3):222-225. Available
from:
http://www.revistasam.com.ar/index.php/RAM/article/
view/497/393

[15] Marcolino MS, Ziegelmann PK, Souza-Silva MVR,
Nascimento IJB, Oliveira LM, Monteiro LS, et al.
Clinical characteristics and outcomes of patients
hospitalized with COVID-19 in Brazil: Results from the
Brazilian COVID-19 registry. Int J Infect Dis 2021 Jan
12; Available from:
http://dx.doi.org/10.1016/j.1jid.2021.01.019

Address for correspondence

Grande Ratti, Maria Florencia

E-mail: maria.grande@hospitalitaliano.org.ar
Address:

Juan D. Perén 4190 (C1181ACH)

Buenos Aires, Argentina.


http://paperpile.com/b/bQI18a/5pEq
http://paperpile.com/b/bQI18a/5pEq
http://dx.doi.org/10.1016/j.jbi.2017.05.024
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/4SBY
http://paperpile.com/b/bQI18a/4SBY
http://paperpile.com/b/bQI18a/4SBY
http://paperpile.com/b/bQI18a/4SBY
http://dx.doi.org/10.1016/j.ijmedinf.2014.10.001
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/XC2Q
http://paperpile.com/b/bQI18a/XC2Q
http://paperpile.com/b/bQI18a/XC2Q
http://paperpile.com/b/bQI18a/XC2Q
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/Klo4
http://paperpile.com/b/bQI18a/Klo4
http://paperpile.com/b/bQI18a/Klo4
http://paperpile.com/b/bQI18a/Klo4
http://dx.doi.org/10.15537/smj.2017.12.20631
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/AlZL
http://paperpile.com/b/bQI18a/AlZL
http://www.revistasam.com.ar/index.php/RAM/article/view/497/393
http://www.revistasam.com.ar/index.php/RAM/article/view/497/393
https://paperpile.com/c/bQI18a/0689+Fkif
https://paperpile.com/c/bQI18a/vWXf
http://paperpile.com/b/bQI18a/FXu0
http://paperpile.com/b/bQI18a/FXu0
http://paperpile.com/b/bQI18a/FXu0
http://paperpile.com/b/bQI18a/FXu0
http://paperpile.com/b/bQI18a/FXu0
http://paperpile.com/b/bQI18a/FXu0
http://dx.doi.org/10.1016/j.ijid.2021.01.019

