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Background: Telemonitoring with applications and connected devices facilitates a more accessible and
efficient attention. Its implementation has been accelerated thanks to the pandemic by COVID-19, where
they have allowed the continuity of care.

Objective: To evaluate the efficacy of a remote monitoring platform for the outpatient follow-up after
hospital discharge by COVID-19.

Methods: Prospective observational study of patients discharged from the hospital with COVID-19
infection between March 23 and May 25, 2020, who were followed for one month with the Connected
Health telemonitoring platform. The mobile phone application connected to a pulse oximeter, allowed to
measure vital signs and answer health questionnaires (EQ5D3L and CAT) daily, and alert the medical team
that could be contacted by video consultation.

Results: 95 patients (64% male) with a mean age of 54 (SD 26-81) years were included. The application
allowed the detection of alerts for pain (80% of patients) and a decrease in oxygen saturation (12%). No
patient required hospital readmission or presented complications. The application allowed strict monitoring
of symptoms and quality of life. The main symptom was severe pain (59% of patients) followed by anxiety
or depression (25%). The average state of health was 65 (SD 20-100). COVID-19 caused a low impact on
the quality of life of 62% of the patients, although 8% reported a significant limitation, due to shortness of
breath and leaving the house.

Conclusion: telemonitoring allows a safe remote monitoring of patients after hospital discharge by COVID-
19. The Connected Health application has allowed the measurement of oxygen saturation, symptoms and
quality of life, and the detection and management of alerts by the medical team through video consultation.

© 2020 César Morcillo Serra. Hosting by Science Repository.

information, participation and autonomy. They have the potential to

Introduction

The emergence of digital health is an increasingly evident reality, with
innovative patient-centered care models, promoting accessibility, safety
and efficiency in all areas of health, thanks to disruptive technologies
such as telemedicine, mobile health, applications, artificial intelligence,
sensors and other devices. These new digital technologies allow building
a different relationship with the patient, focused on their needs, agile and
continuous 24 hours a day, where the user enjoys much more

simplify healthcare processes, to improve the quality and reduce the cost
of medical care [1].

Mobile devices and applications create the digital channel, where
healthcare can be delivered anywhere. The video consultation is a clear
example of this, being very useful for disease control and follow-up after
discharge from the hospital. The networking of physical devices over the
internet allows patients to use connected sensors that measure all kinds
of physiological variables, adherence to medication and their perceived
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state of health, making it easier for doctors to remotely monitor the
health of a patient in real time. This has led to the creation of Connected
Health platforms, which allow telemonitoring of patients with wearables
linked to mobile applications. The data is managed in the cloud by
software that allows alerting healthcare personnel of clinical
deterioration and thus acting early. There is sufficient evidence that
telemedicine reduces healthcare costs, improves the health of the
population and the customer experience in healthcare [2].

Real world data is data related to the patient's health status collected in
real time, thanks to smartphones and the Internet of Things. The
integration of these electronic medical records and biometric data allows
creating the digital phenotype of the patient. There is a need for this real
data documentation and communication between patients and the
medical team. Patients provide information that is complementary but
different from that collected by the doctor, since they tend to
underestimate the symptoms of the patients, having shown that severe
symptoms are not reported in clinical trials by up to 76%. Numerous
trials have shown that outpatient symptom monitoring improves
communication between the patient and the medical team, quality of life,
symptom management and survival, and in turn the satisfaction of the
medical team and the support to clinical decision [3, 4].

Digital health solutions have played a crucial role during the COVID-19
pandemic to support public health policies, such as mobile health apps
for COVID-19 self-assessment and monitoring [5]. Its benefits have
been to establish a formal and secure communication channel between
the citizen and the health professional, decrease non-essential visits to
health centers, thus reducing the risk of infection for both citizens and
health professionals and ensure continuity of care [6]. In the present
study, we evaluated the efficacy of outpatient remote monitoring after
hospital discharge by COVID-19, by measuring oxygen saturation,
symptoms and quality of life, and the detection and management of alerts
by the medical team, through video consultation.

oevices

Biometric Data
SANITAS CLOUD
D

BIG DATA

g

Smartphone

Methods

Prospective observational study of patients discharged from the hospital
with clinical, serological and/or PCR and radiological diagnoses of lung
involvement by COVID-19, between March 23 and May 25, 2020. 164
patients who were consecutively discharged, were offered a clinical
follow-up through the Connected Health telemonitoring platform for one
month. To do this, they had to be stable, have passed the critical period
of the disease, remain fever-free for at least 48 hours, and have a baseline
oxygen saturation > 92%. 95 patients agreed to participate, who gave
their informed consent and received at their home a pulse oximeter
(Lifevit OL-750) with bluetooth connectivity that allowed the
connection to the Connected Health application that the patient himself
downloaded on his mobile phone. The use of the Connected Health
application and data registration was approved by the Center's Research
Ethics Committee.

Connected Health is a platform for remote monitoring, continuously,
anytime, anywhere, connected to the medical team. It allows to measure
and see the evolution of vital signs with devices connected to the
application and to answer health questionnaires adapted for different
disease profiles. The doctor responsible for the patient activates the
service directly from the electronic medical record. The intelligent
system analyses these measurements and the answers to the
questionnaires and allows the detection of anomalies in the
measurements. The nursing team periodically reviews the information
received and proactively contacts the patients by video consultation,
prioritizing according to the information received, and in the event of
incidents if they cannot resolve it, a doctor assesses the situation. The
application also allows the patient to contact the nursing team by video
consultation 24/7. It includes other functionalities, such as treatment
reminders, information of interest about the disease, and keeping family
members or caregivers informed (Figure 1), which have proven useful
in controlling other diseases such as high blood pressure [7].

FRONT OFFICE

Patient Caregivers

Self-management  Surveillance

Tablet
Nursing Physicians

]
= @

24x7 monitoring  Medical record

Figure 1: Features of Connected Health telemonitoring platform.

For the follow-up of patients with COVID-19, a post-hospitalization
profile was created, collecting the oxygen saturation measurements with
a pulse oximeter, and allowing linking other devices or manually
including other physiological measurements such as temperature or
blood pressure. The application also allowed asking two daily quality of
life questionnaires (Figure 2). A generic, self-completed EQ5D3L
questionnaire that measures five dimensions of health: mobility, self-
care, habitual activities, pain and anxiety or depression, as well as a
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general health score on a scale of O (the worst health condition
imaginable) to 100 (the best one), and the specific questionnaire COPD
Assessment Test (CAT) whose questions were considered would be
useful to see the evolution of respiratory symptoms in patients with
COVID-19 [8, 9].

The scores for each section are graduated between 0 (I never cough) and
5 points (I am always coughing). The sum obtains a total score that can
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range from O (better perception of quality of life) to 40 points (worse
perception of quality of life). Based on the total score obtained in the
CAT, they are classified into 4 groups: low impact (1-10 points): most
days are "good days", but the disease is the cause of some of its
limitations. Medium impact (11-20 points): there are few "good days" in
a week and the disease is one of the main problems of the patient. High
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impact (21-30 points): There are no "good days" in a typical average
week, and illness is the most important problem. Very high impact (31-
40 points): the limitation produced by the disease is maximum. For the
analysis of the data, usual descriptive statistical techniques have been
used.

(AR

16:33 il T -

X
Videomonitorizaciéon

Haz una videollamada a enfermeria
Consulta tus dudas de salud con nuestro
equipo

+/ si has tenido un valor fuera de lo normal en
una medicion

¥ Si no sabes interpretar el valor de tus
mediciones

+ si tienes dudas sobre tu estado de salud

© No llamar por problemas técnicos con la app
o dispositivos. En ese caso puedes contactar con
nosotros en el 675 970 920 o si prefieres

enviarnos un email a
soporte@elegimosalud.com

Hacer videollamada

—_——— Y

Figure 2: Connected Health application: screenshots.

Results

Of the 95 patients included in the study, 61 were men and 34 women,
with a mean age of 54 years (SD 26-81) and all completed the follow-up
for a month. 69 of the 164 patients who were discharged during the
recruitment period refused to enter the program. The application allowed
the detection and management of alerts by video consultation, especially
for pain, which presented 80% of the patients, and for a decrease in
oxygen saturation, which presented 12% (Figure 3).

Oxygen Saturation <90% -

Heart Rate >120x' ]

% Patients0 10 20 30 40 50 60 70 80 90 100

Figure 3: Alerts detected by the Connected Health application.

The mean saturation of all participants was 94% (SD 86%-99%). No
patient died, presented serious complications, nor did they need to go to
the emergency department or hospital readmission. The application
allowed strict monitoring of symptoms and quality of life. The main
symptom was severe pain (59% of patients) followed by anxiety or
depression (25%). Figure 4 shows these results obtained with the
EQ5D3L questionnaire, which also showed an average health status of
65 (SD 20-100). The analysis of the CAT questionnaire showed that
COVID-19 had caused a low impact for 62% of the patients, where most
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of the days were "good days", but with some limitation (Figure 5),
although 8% of patients reported an important limitation, due to lack of
air and when leaving the house (Figure 6). The results shown are the
average of the answers of the different days during the follow-up.
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Figure 4: Results of the EQ5D3L quality of life questionnaire:
symptoms and severity.

= Low impact = Mild impact = High impact
Figure 5: Results of the CAT questionnaire (COPD Assessment Test):
impact on quality of life.
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Figure 6: Results of the CAT (COPD Assessment Test) questionnaire:
severity of symptoms in a scale from 0 (little) to 5 (a lot).

Discussion

This study demonstrates the efficacy of the Connected Health platform
for the remote monitoring of patients after hospital discharge by COVID-
19. The application has facilitated the measurement of oxygen
saturation, symptoms and other quality of life measures, and has allowed
the detection and management of alerts by the medical team through
video consultation. Other studies have shown that remote monitoring of
patients to control COVID-19 symptoms at home is effective and safe,
improving engagement and health education, while minimizing
exposure to COVID-19 and the use of face-to-face medical care [10]. If
this telemonitoring is carried out specifically after hospital discharge, it
is also safe and efficient; it makes early hospital discharge possible
(especially if ambulatory pulse oximetry is offered), it reduces the
hospital stay, the use of protective materials and healthcare costs,
increasing available beds for other patients. It also increases patient
satisfaction, which allows them to recover in their family environment
[11].

In our sample, no patient died, needed to go to the emergency room or
to be re-admitted to the hospital. These results agree with those published
in a similar study, which has also demonstrated the usefulness of
telemonitoring in higher-risk COVID-19 patients, by allowing clinical
control, early detection of disease deterioration, and offering patient and
family support [12]. This monitoring strategy and rapid alert
management gives the user a sense of control and security in uncertain
days, reducing the use of other healthcare resources. The deployment of
digital health solutions, especially telemedicine, has been shown to
reduce system overload, save time for the healthcare professional, avoid
non-essential visits by citizens to healthcare facilities and decrease the
infection rate, both for citizens as probably for health professionals,
which in our hospital has only been 7% [13, 14].

The health-related quality of life is the way in which the patient perceives
her illness and is of utmost importance to know the state of health of an
individual [15]. There are few studies that analyse the quality of life in
patients with COVID-19 and it is difficult to compare them due to the
use of different health tests. These must be valid, repeatable and sensitive
to change. Using generic or disease-specific instruments has its
advantages and disadvantages. The generic instruments detect the global
effects on quality of life, applicable to different populations with
different diseases, but they do not explore particular aspects that are
basic in certain diseases, as in the COVID-19 are the degree of dyspnea
or cough. Although there is no specific questionnaire for this disease, its
symptoms are analysed by other lung disease questionnaires such as
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CAT, which allow us to assess more subtle changes in the disease, such
as shortness of breath, reported by 8% of patients in the present study.

Our quality of life results are similar to those published by Ping et al.,
where the mean health status score of the EQ-5D questionnaire for
patients with COVID-19 was 85.5 and the most frequently reported
problem was pain (19%) and anxiety or depression (17.6%) [16]. Their
sample presented better health score, possibly due to the fact that they
analysed outpatients in general, not just a severe disease after hospital
discharge. Other studies show how COVID-19 affects people's health
and quality of life, but not only in those who suffer from it, but even in
those who suspect having symptoms of COVID-19, which show a higher
probability of depression and lower quality of life [17, 18].

This study should be interpreted with caution due to certain limitations.
Although the CAT questionnaire has been developed to help assess the
impact of COPD symptoms and not to analyse the symptoms of COVID-
19, CAT has also been shown to be effective in other diseases such as
bronchiectasis, where it correlates with the severity of dyspnea and
functional capacity in daily life [19]. In our study, pain was the most
frequently reported symptom when responding to the CAT
questionnaire, and at the same time, pain was the main reason for alert
generation throughout the application.

The alarm situation due to the COVID-19 pandemic and confinement
have undoubtedly influenced the high adherence to the program, and
therefore these results cannot be extrapolated to the monitoring of other
diseases. The fact that the study was conducted in a single hospital and
without a control group is another limitation, so it should be confirmed
in larger samples and with control groups, which help define the role of
telemedicine in this or future epidemics.

At times like this pandemic, the most adverse scenarios often provide
an opportunity to develop and test the ability of these digital health
technologies to increase the efficiency of systems. The high pressure on
the healthcare system in a situation of extreme crisis has been a
surprising engine of change. The lessons learned in the pandemic by
COVID-19 have helped define future steps, but many financial barriers
to the adoption of digital solutions have yet to be removed [20].
Although evaluating the efficiency of adopting these long-term
implemented digital health solutions is of utmost importance, the
satisfactory experience in this and other studies will certainly create good
expectations about the convenience and accessibility of virtual care,
which will be difficult to reverse once the COVID-19 crisis subsides.

Conclusion

The past decade has seen unprecedented progress in digital health,
enabling closer contact with patients. Thanks to telemedicine, we have
the opportunity to create new data-based approaches to identify and
intervene early in clinically significant events, thus improving both the
quality and quantity of life [21]. This study has shown how the
Connected Health platform allows a safe remote monitoring of COVID-
19 patients after hospital discharge, facilitating the measurement of
oxygen, symptoms and quality of life, and its management by the
medical team through video consultation. Although new studies are
needed to demonstrate the effectiveness of these digital health tools in
situations such as this COVID-19 pandemic, this has undoubtedly helped
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us, both health personnel and the population, to be better prepared for
this next digital age.
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