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Abstract. The advance of technology allows daily monitoring of people with car-
diovascular diseases. It enables patient empowerment, making them increasingly
autonomous and responsible for their health by using digital tools and solutions.
The purpose of this study is to idealize a system individualized to the patient
with cardiovascular diseases, including monitoring, follow-up, treatments, and
communication with healthcare professionals. A review of the existing literature
was carried out, identifying the need to understand patients’ needs and prefer-
ences to adapt the digital solutions. Therefore, a questionnaire was developed to
characterize patients’ preferences, showing that patients prefer to use their per-
sonal devices, such as mobile phones, due to their ease of use and commodity.
Most patients would like to receive information through a mobile application.
They also agreed that teleconsultation and telemonitoring helped to improve their
health status.

Keywords: Patient-empowerment - Cardiovascular diseases - Mobile devices -
Telemonitoring

1 Introduction

According to World Health Organization (WHO), cardiovascular diseases have a high
prevalence worldwide, particularly in the middle- and low-income countries [24]. These
diseases are mainly related to unhealthy behaviors that lead to the emergence of chronic
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diseases, such as hypertension, diabetes, obesity, and cardiac failure [ 10]. Several reports
describe the positive impact of technological equipment to promote the control of these
diseases showing positive health results [4, 13], and this use is increasingly recommended
for clinical practice.

Technology is currently entering daily lives, taking part in daily routines and behavior
habits [5, 6]. The advancement of technology enables the possibility to monitor patients
daily and promote the creation of medical assessment tools that are continuous, reliable,
and accurate [1]. Thus, the medical assessment is not limited to a punctual evaluation in
the clinic but translates the real values of [22]. The use of technology and telemonitoring
also allows patients to have greater autonomy to manage their own health, with greater
empowerment and a patient-centered approach [11, 23].

There is extensive research around this topic, but no combined technologies are used
for a specific group of diseases. However, the number of studies related to remote patient
monitoring, patient care using telemedicine, and the development of patient literacy is
increasing [9].

Mainly, small research studies created systems for specific diseases, but they are not
available in the market. For example, the authors of [16—18] argued about developing a
system for blood pressure telemonitoring. They verified that it promotes the compliance
to treatment, intensification, and optimization of medication use, improvement of life
quality, reduction of risk of developing cardiovascular complications, and cost-saving
with the help of mobile devices (i.e., Smartphones and smartwatches).

Regarding heart failure, some studies promoted the use of e-Health technologies for
the telecare, remote monitoring of hemodynamic implantable devices, home monitoring
of cardiovascular implantable electronic devices, and telerehabilitation, revealing robust
capabilities for life-threatening deterioration, helping heart failure patients to avoid seek-
ing medical assistance in hospitals, and revealing that home-based telerehabilitation is
effective with high adherence and reduced mortality [7, 21].

Due to the high cost of the medical solutions and the rare validation of the developed
solutions, the current solutions for monitoring blood pressure have limited value and
benefits in hypertensive patients related to the less acceptance of these solutions [3].

This study aims to understand users’ preferences in a system to monitor and control
cardiovascular diseases. Furthermore, it intends to create a system as adapted as possible
to patients with cardiovascular diseases, where each module can be adapted to individual
patient preferences and healthcare needs. Thus, the focus is on the empowerment of
patients and promote health literacy through individualized technological approaches.

2 Related Work

A literature review was performed to verify the different options for using telemonitoring
technologies to promote e-Health solutions.

The study [8] proposed an electronic system for monitoring cardiac patients using
the development board Linklt ONE. It measures and analyses the cardiac pulse for
the detection of arrhythmias. The system has an intelligent module that identifies the
arrhythmias and activates an alarm to report the health conditions for the healthcare
provider closer to the patient. The system also includes an Arduino and a GPS module
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connected to the virtual platform UBIDOTS by Wi-Fi. The platform provides visual
information about the patient’s state.

In [15], the authors recruited 80 Heart Failure patients with New York Heart Associ-
ation (NYHA) functional classes II or III. The latter was hospitalized in Intensive Care
patients for a study for eight weeks to compare telemonitoring intervention with usual
care. The patients are separated into a control group and an intervention group. The study
consisted of an educational trial to measure the application of the Iranian version of the
European Heart Failure self-care questionnaire and the heart failure-related readmis-
sion rates. The mean scores showed differences between the two groups demonstrated
significant differences at the baseline for self-care behaviors. Related to the covariance
analysis, the differences between the groups are also significant. However, related to the
readmission rates, it is low for the intervention group. Thus, it proved that telemonitoring
improved self-care behaviors, but the results are not significant.

The authors of [19] implemented a telemedicine platform for pulse-wave analysis
and ambulatory blood pressure monitoring. The data was recorded with a computer
for the investigation, uploading it to their Web-based telemedicine platform to process
the sensors’ signals with proprietary mathematical algorithms. Unfortunately, a detailed
analysis of the algorithms was impossible because the source code was not available.

In another work [14], the Smartphone and cardiography devices were used to identify
some health rate conditions, including normal sinus rhythm, atrial fibrillation, coronary
artery disease, and possibly ST-segment elevated myocardial infarction with artificial
intelligence techniques. In addition, it proved that it could be used in self-monitoring
systems with a mobile device.

The authors of other work [2] analyzed 340 patients with heart failure in NYHA
functional class III with a remote system named CardioMEMS HF that includes a Car-
dioMEMS PA sensor to measure Pulmonary Artery pressure. The system consists of an
implantable wireless sensor with a delivery catheter, a patient and hospital electronics
system, and a patient database. With this system, the medical doctors were remotely
informed about the Pulmonary Artery pressure of the patients via Merlin.net. The sys-
tem also evaluated the efficacy and cost-effectiveness of hemodynamic monitoring in
patients with chronic heart failure. However, the authors do not report the results, and
more experiments are needed to report reliable conclusions.

In other research [12], the patients with atrial fibrillation used the short continuous
heart rhythm monitoring (i.e., Holter device), and the long-term intermittent heart rhythm
monitoring (i.e., AliveCor Kardia device), revealing a high accuracy in the detection of
the different symptoms. The authors also used the System Usability Scale and a four-item
questionnaire to evaluate the system through the other patients. As aresult, it was verified
that long-term intermittent monitoring effectively detects atrial fibrillation recurrences
after atrial fibrillation ablation. In addition, long-term periodic monitoring has more
reported usability than short continuous heart rhythm monitoring. Finally, the long-term
intermittent monitoring reported a high accuracy to detect atrial fibrillation.

Table 1 presents the analysis of the different studies, verifying that few studies related
to telemonitoring for cardiovascular patients. However, portable devices are starting to
be used with other sensors to monitor these patients constantly.
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Table 1. Analysis of the related work.

Study | Data Acquisition | Acquired Data Devices Tool used for Data
Method Analysis
[8] Virtual platform Cardiac pulse Arduino and a GPS | Virtual platform
UBIDOTS module UBIDOTS
[15] | Telemonitoring The Iranian version | Mobile device Statistical software
through phone of the European
Heart Failure
self-care
questionnaire
[19] | Web-based Pulse, blood Computer, BPLab Web-based analysis
telemedicine pressure, ambulatory | device, and software
platform arterial stiffness, and | oscillometric BPLab | (THOLOMEUS,
central device Biotechmed Ltd.,
hemodynamics Somma Lombardo,
Varese Italy)

[14] | Mobile application | Health rate Smartphone and Artificial
cardiography intelligence
devices techniques

[2] CardioMEMS HF | Pulmonary Artery Implantable wireless | Hospital electronics

pressure sensor with delivery | system - Merlin.net
catheter and
CardioMEMS PA
sensor
[12] | Holter device, and | Heart rhythm Holter device, and | System Usability
AliveCor Kardia AliveCor Kardia Scale (SUS) and
device device statistical methods

3 Methods

3.1 Study Design

This research started with the research about the related work using a scientific database
(i.e., PubMed Central) related to using technology for cardiac patients. Then, the anal-
ysis was performed with the following keywords: “cardiovascular’, “e-Health”, and
“telemonitoring”. The research was limited between 2016 and 2021, where 17 research
articles were retrieved. However, only the original research articles were analyzed, which
included only six studies.

A questionnaire was designed, including nine multiple-choice questions related to
the patient’s preferences for disease management and interaction with the healthcare
provider. The questions analyzed the different studies available in the literature and pre-
vious work [20]. Patients from an Arterial Hypertension outpatient clinic voluntarily par-
ticipated. Thus, 12 patients anonymously answered the questionnaire after the acceptance
of the informed consent. The Ethics Committee of the Universidade da Beira Interior
previously approved the study protocol with the reference CE-UBI-Pj-2021-041:1ID969.
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3.2 Structure of the Study

As presented in Fig. 1, this study was born from recognizing the necessity for a system
to allow patient empowerment in monitoring and controlling cardiovascular diseases.

After that, the questionnaire was created and distributed to the participants. Finally,
the questionnaire was designed, distributed, and analyzed to evaluate the expectations
of the patients.

Study on the Creation of the DlStrﬂSl;letlon o Analysis of the
State-of-the-art questionnaire . . results
Questionnaire

Fig. 1. Structure of the study

3.3 Statistical Analysis

Based on the data acquired, the responses were filtered and grouped by categories. Thus,
the frequencies were analyzed, and different conclusions have been achieved to develop
further and analyze a patient-centered innovative system for cardiovascular diseases.

4 Results

Based on the analysis of the distributed questionnaires, it was possible to verify different
conclusions. The answers in the question “Which of the following instruments would you
prefer to use to collect your health data?” presented in Fig. 2 show that the participants
in the study do not have a consensual preference for collecting the data. We grouped

Which of the following instruments would you prefer to use to
collect your health data?

100%
80%
60%
40%

20%

0%

wearables Sensors medical devices

Fig. 2. Answers to the question “Which of the following instruments would you prefer to use to
collect your health data?”
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Which device would you prefer to use to transmit your health
information and data to your doctor?

100%
80%
60%

40%

20%

0%
mobile device computer

Fig. 3. Answers to the question “Which device would you prefer to use to transmit your health
information and data to your doctor?”

the answers in three groups, including wearables (i.e., Smartphones and smartwatches),
sensors (i.e., Clothing with built-in sensors, Sensors glued to the skin, and Sensors placed
under the skin), and medical devices (i.e., blood pressure measuring device, scale, among
others). A slight preference is revealed for the wearables.

Regarding the answers in the question “Which device would you prefer to use to
transmit your health information and data to your doctor?”, presented in Fig. 3, the
answers showed a clear preference for the use of mobile devices, and only 2 of the
participants do not want to use the mobile devices for this function.

Considering the answers to the question “What tools would you use to ana-
lyze/visualize your health data?” presented in Fig. 4, patients prefer mobile applications.
Furthermore, only 2 participants would not like the use of mobile devices.

Regarding the question “How would you like to receive feedback from your doctor
about your health status?” presented in Fig. 5, it shows a clear preference for mobile
applications.

What tools would you use to analyze/visualize your health data?
100%
80%
60%

40%

o
8%

0%
mobile application website other software

Fig. 4. Answers to the question “What tools would you use to analyze/visualize your health data?”
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How would you like to receive feedback from your doctor about

your health status?
100%
80%
60%
40%

20%
0
0%

mobile application Internet and social telephone

Fig. 5. Answers to the question “How would you like to receive feedback from your doctor about
your health status?”

Sequentially, the question “What biological parameters do you think are important to
evaluate?” presented in Fig. 6 shows that blood pressure measurement is essential for the
patients. In addition, the other features critical in the patients’ viewpoint for the different
measures are the electrocardiographic monitoring, the peripheral oxygen saturation, and
the heart rate.

Analyzing the answers in the questions “What do you value most when using medical
measuring devices?” and “What do you value most in the use of computer systems in

What biological parameters do you think are important to
evaluate?

= Peripheral Oxygen
Saturation

= Arterial Pressure

= Temperature

= Heart Rate
-1 7%
= ECG
= others

Fig. 6. Answers to the question “What biological parameters do you think are important to
evaluate?”
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What do you value most when using medical measuring devices?
100%
80%

60%

0%
privacy and security ease of use integration number of
functionalities

Fig. 7. Answers to the question “What do you value most when using medical measuring

devices?”

What do you value most in the use of computer systems in
medical treatments?

100%
90%
80%
70%
60%
50%
40% 0
10%
0%
ease of use privacy and security number of integration
functionalities

Fig. 8. Answers to the question “What do you value most in the use of computer systems in
medical treatments?”

medical treatments?” presented in Figs. 7 and 8, respectively, revealed that most patients
considered that the most important feature would be the ease of use and the security and
privacy important for the medical treatments.

Related to the question “Would you like to contact your doctor in times of need
using technology?” presented in Fig. 9, the answers showed that the patients would like
to contact their doctor using technological equipment.
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Finally, the question “Would you use teleconsultation/remote consultation?” pre-
sented in Fig. 10 showed that most patients would use teleconsultation/remote consul-
tation.

Would you like to have contact with your doctor in times of need
using technology?

-
\

=Yes =No

Fig. 9. Answers to the question “Would you like to have contact with your doctor in times of
need using technology?”

Would you use teleconsultation/remote consultation?

=Yes = No

Fig. 10. Answers to the question “Would you use teleconsultation/remote consultation?”

5 Discussion and Conclusions

This study intends to analyze the use of remote technologies for improving the care
of cardiovascular patients. It started with the analysis of previously developed studies
regarding this subject.
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The different studies analyzed were related to data acquisition and patient monitoring.
However, the various authors did not present the data, applied methods, and data analysis
methods. Furthermore, the different studies did not provide details about the contacts
with the patients. Therefore, as part of this paper, the literature analysis was performed
to plan a system for patient empowerment and monitoring, provide patient feedback,
and educate the patients. However, as the significant intention of our study is related to
the development of a system to promote patient autonomy, there are no studies related
to this point. However, other authors already did a questionnaire to infer the patients’
preferences presented in [20].

Based on the questionnaires, and similarly to the literature review, it is possible to ver-
ify that the preferred devices for the data acquisition are wearables/medical devices. Only
mobile devices are chosen for data transmission, visualization, analysis, and the recep-
tion of feedback from healthcare professionals. Thus, the essential parameter selected
by the patients is arterial pressure. However, two persons choose the use of computers
as the preferred method of data transmission, and these persons also prefer alternative
methods for visualization. However, for data visualization, one of them would like the
use of mobile applications. Still, they would prefer the help of a website. Regarding the
reception of feedback, one chooses mobile applications and websites to receive feedback,
and the other prefers e-mails.

The previously analyzed work closely related to our work is presented by the authors
of [14], which uses a standard mobile device to monitor the heart rate. In addition, other
vital parameters should be monitored for the correct patient empowerment.

This study has some limitations since the questionnaire was self-administered. It
may be an answer bias because some of the concepts of ignorance of some technologies’
potential may not be understandable by the participants in the study. It may be one of the
reasons that they are not selected. The questionnaire lacked the request for more patient
data. Thus, we have a general idea of opinions with the data provided. Also, we cannot
individualize the system as the knowledge about age would impact preferences.

Based on the opinions collected with the questionnaire, a system will be created to
exploit technological equipment to help cardiovascular patients, promoting the patients’
empowerment. The questionnaire results revealed that an informed patient would actin a
specific moment of life and their treatments. Also, collecting a more significant number
of subjects’ variables should be considered, including technological habits.
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