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Abstract: Background/Objectives: The use of eHealth as a monitoring system in people with heart
failure (HF) has been shown to be effective in promoting self-care and reducing re-admissions and
mortality. The present study develops and evaluates the accessibility and usability of the web app
iCardioMonitor HF monitoring system. Methods: This study consisted of two stages. The first
stage (co-design) comprised two phases: (1) analysis of the scientific literature and expert opinions
and (2) co-design of the iCardioMonitor (web app plus a knowledge-base algorithm) and definition
of alert criteria. The second stage (cross-sectional descriptive study) analyzed system accessibility
(% of people using the iCardioMonitor and % of parameters recorded) and usability, employing
the Spanish version of the System Usability Scale for the Assessment of Electronic Tools. Results:
The iCardioMonitor was configured by a web app and an algorithm with the capacity to detect
decompensated HF automatically. A total of 45 patients with an average age of 55.8 years (standard
deviation [SD] = 10.582) and an average time since diagnosis of 7.1 years (SD = 7.471) participated in
the second stage. The percentage of iCardioMonitor use was 83.2%. The average usability score was
77.2 points (SD = 21.828), higher in women than men (89.2; SD = 1.443–76.0; SD = 1.443) (p = 0.004).
The usability score was higher the shorter the time since diagnosis (r = 0.402; p = 0.025) and the
higher the number of responses (r = 0.377; p = 0.031). Conclusions: The results obtained show that
iCardioMonitor is a tool accepted by patients and has obtained a remarkable score on the usability
scale. iCardioMonitor was configured by a web app and an algorithm with the capacity to detect
decompensated HF automatically.

Keywords: eHealth; heart failure; knowledge-base algorithm

1. Introduction

The increase in life expectancy, progress in healthcare, and the rise in unhealthy
lifestyles such as sedentarism, smoking, and inadequate eating habits have caused chronic
diseases to be the predominant epidemiological model in Spain. Of these diseases, cardio-
vascular disorders are the leading cause of death [1,2]. The World Health Organization
(WHO, Geneva, Switzerland) [3] estimated that in 2019, 17.9 million people died from this
cause, representing approximately one-third of all deaths worldwide.

One of the most prominent cardiovascular diseases is heart failure (HF). It is esti-
mated that over 64 million people worldwide and 6 million people in Europe have been
diagnosed with HF [4,5]. In Spain, recent data indicate that the incidence rate of HF is
2.78 cases/1000 persons/year [6], constituting the main cause of hospital admissions among
people over 65 years of age and representing 2–3% of global health costs [7].
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Decompensated HF is a frequent cause of patient admission in hospitals and is gener-
ally preceded by an exacerbation of symptoms. In order to reduce hospital re-admissions
and the mortality rate among this group, it is essential to implement self-care programs
or practices to maintain health through preventive and health-promoting conducts [8,9].
HF self-care requires patients to perform daily self-monitoring of symptoms, signs, and
changes in body weight, as well as to adhere to the prescribed medication, diet, physical
activity, and follow-ups [8,10].

Telemedicine has become a valuable resource in the daily management of HF patients.
The integration and development of diverse systems, from basic monitoring devices to
portable technology and state-of-the-art remote monitoring systems, play an important role
in the care of these patients [11].

Currently, some home-based eHealth interventions designed for these patients already
incorporate monitoring systems. Telemonitoring allows patients to remotely provide digital
health information to support or optimize their care. There are several telemonitoring
systems currently available for HF patients. Home telemonitoring can help maintain
quality of care when needed as well as reduce costs and the number of patient visits to the
healthcare facility. Other systems are designed to provide support at specific times when
the patient requests help or care. There are also implanted therapeutic devices that can
immediately and remotely provide information about the device or physiological aspects of
the patient. Implantable loop recorders can be injected subcutaneously and used to monitor
heart rate and rhythm, activity, and bioimpedance [12].

Systems incorporating monitoring have been shown to be effective in increasing
patient knowledge [13], motivating self-care [14], and obtaining better health outcomes,
with a decrease in all-cause mortality, hospital admissions or re-admissions, and improved
quality of life [8,15,16].

Heterogeneity in program designs and content can be observed in the literature. Par-
ticularly noteworthy are strategies based on e-Health, as they remove some of the barriers
that have traditionally limited self-care programs [8] and take into account established
patient preference for proactive systems that gather information in real-time [17–19]. In
terms of content, there seems to be a consensus that they should provide health-promoting
educational information and health data collection and monitoring [20]. Last, Li et al. [20]
suggest that these strategies should focus on the specific needs of the population for which
they are designed.

It thus seems that systems designed to be used by people with HF, which include
education focusing on disease management, self-care, and symptom monitoring, are effec-
tive and beneficial for patients [13]. However, their heterogeneity in design and content
suggests that they should be developed based on the needs of the population; hence the
importance of co-design, i.e., considering and encouraging the participation of end-users
of such systems in their development and evaluating the usability of the systems before
assessing their effectiveness [20,21].

With this in mind, the present study was carried out to develop and evaluate the
accessibility and usability of a novel digital system iCardioMonitor (web app plus an
algorithm), in Spanish, for patients with HF, with the aim of improving their knowledge of
the signs and symptoms of HF, and to facilitate their self-care and monitoring.

2. Materials and Methods
2.1. Design

This study was divided into two stages. The first consisted of the co-design of the
iCardioMonitor system (web app plus a knowledge-base algorithm), and the second
comprised the analysis of its accessibility and usability. This second stage involved a
cross-sectional descriptive study design.
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2.2. Study Population

For the development of the co-design stage, the collaboration of cardiology experts,
physicians, or nurses, recruited on an intentional basis, was sought, considering the follow-
ing inclusion criteria: (i) at least 5 years of experience in HF and (ii) currently working in
an HF unit.

A sample population was also selected to take into account their experiences and
perspectives in the development of the system. Although the sample was selected on an
opportunistic basis, the following criteria were considered in order to obtain a sample
with characteristics similar to those of end users: (i) aged over 65 and (ii) different educa-
tional levels. People with physical or cognitive limitations that would prevent them from
participating in this study were excluded, as were those with insufficient Spanish fluency.

For the accessibility and usability analysis, the study population consisted of patients
diagnosed with HF who were being followed at the Heart Failure Unit of the Hospital
Universitario Central de Asturias (Spain). The following inclusion criteria were considered:
(i) a complex HF diagnosis and (ii) capacity to access the web app. The exclusion criteria
were: (i) patients lacking devices to access the web app; (ii) insufficient Spanish fluency;
(iii) patients who were admitted to the hospital or who changed the follow-up center during
the study.

Usability is defined as the “extent to which a system, product or service can be used by
specified users to achieve specified goals with effectiveness in a specified context of use” [22] or,
in other words, without errors occurring during its use. Considering the usability of the
interface as the main variable, and according to Cazañas et al. [23], a minimum sample
of 25 patients would be needed to reliably detect 99% of the potential errors (e.g., wrong
data recording).

Recruitment took place in cardiology hospital admission units and consulting rooms,
coinciding with patient follow-up or a hospital stay. The HF team was in charge of patient
recruitment. The purpose of this study was explained to the patients during recruitment.

Those patients who agreed to participate signed the corresponding informed consent
form (ICF). After signing the ICF, the patients received two questionnaires: (1) a question-
naire for personal data collection (age, gender, educational level, marital status, family
support, cohabitation, time since HF diagnosis) and (2) a second questionnaire on self-care
based on the European Heart Failure Self-care Behaviour Scale (EHFScB) [24]. After com-
pleting these questionnaires, the patients received instructions on how to use the web app
and any doubts were resolved. Subsequently, access to the web app was provided for a
period of 30 days. Each patient also received an automatic blood pressure monitor for daily
recordings, along with an e-mail address for technical help, if needed, or error reporting.

After 30 days of use, the patients were contacted by telephone to indicate the end
of the period of use of the web app. On the other hand, two questionnaires were sent
again by letter or e-mail (according to patient choice) to quantify self-care based on the
European Heart Failure Self-care Behaviour Scale (EHFScB) [24] and the usability of the
web app using the Spanish Version of the System Usability Scale (SUS) for the Assessment
of Electronic Tools [25].

2.3. Development of the iCardioMonitor System (Stage 1)

The iCardioMonitor consisted of a web app and a knowledge-based algorithm. The
web app included the following: (1) Information on behaviors to be adopted by patients
with HF; (2) adequate measurement of blood pressure; (3) a self-report registry of signs
and symptoms compatible with decompensated HF to be completed by the patients on a
daily basis. Data recorded by the patients were automatically analysed by an algorithm
developed ad hoc for the iCardioMonitor and capable of detecting decompensated HF
symptoms (alerts). Any detected alert was automatically transmitted to the Department of
Cardiology, which in turn contacted the patient.
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The objective of this stage (development of the iCardioMonitor system) was to deter-
mine what information should be included in the web app, what items should be included
in the form, and under what conditions an alert should be sent to the Department of
Cardiology (i.e., alert definition).

The development of the iCardioMonitor digital system was guided by the principles
of the Unified Theory of Acceptance and Use of Technology [26], which predicts patient
willingness to use technology. This specifically refers to performance expectancy, effort
expectancy, social influence, and facilitating conditions.

Co-design of the iCardioMonitor comprised two phases: (1) analysis of the scientific
literature and expert opinions and (2) design of the iCardioMonitor web app and definition
of alert criteria.

Patients were pseudo-anonymized to ensure confidentiality. The patients employed a
username and password to access the web. Only cardiology staff could link the user code
to the patient in question if necessary (e.g., on receipt of an alert from the iCardioMonitor).

2.3.1. Phase 1: Analysis of the Scientific Literature and Expert Opinions

The selection of content to be included in the iCardioMonitor web app was based
on a literature review [6,9,12,27,28]. Specifically monitoring indicators such as weight,
blood pressure, symptoms, and heart rate [6,9,12,27,28] and lifestyle recommendations [27].
In addition, recommendations from experts (3 cardiologists and a cardiology area nurse,
all with over 5 years of professional experience in HF). The process for the inclusion of
information followed the following steps: (i) literature review and expert input in order
to identify content to be included in the web app, both monitoring and information; (ii) a
check-list was prepared, where all the items identified in the previous step were included.
Each item included a response option on a Likert-type scale (not recommendable to highly
recommendable); (iii) the checklist was provided to the experts so that they could evaluate
the validity of the items, eliminating those evaluated as “not recommendable.” Based on
the above, the decision was made to include the following content: (i) information on the
signs and symptoms of decompensated HF, (ii) lifestyle recommendations for pre-venting
decompensation, and (iii) how to measure blood pressure adequately.

2.3.2. Phase 2: Design of the iCardioMonitor Web App and Definition of Alert Criteria

The draft of the web app includes three sections. The first section includes information
based on the literature and expert recommendations obtained in Phase 1 related to a healthy
lifestyle and signs and symptoms of decompensated HF. The objective of this section was
to make it possible for the patients to answer the following questions: What is heart failure?
What are the main symptoms? How should I take care of myself? The second section
focuses on instructing the patients to measure their blood pressure correctly.

The third section included the patient self-report registry of signs and symptoms.
The registry form was made for patients to record information related to the signs and
symptoms of decompensated HF on a daily basis, thus contributing to their daily self-
care, HF monitoring, and real-time detection of potential decompensation episodes. The
self-report registry included the following items: current body weight (kg), medication
use the day before (yes/no), need to sleep with a cushion or elevation of the headrest the
night before (yes/no), breathing difficulties (yes/no), systolic and diastolic blood pressure
(mmHg), heart rate, presence of fatigue (yes/no), swollen feet (yes/no) [20,29]. In sum,
these are the input variables that patients must enter into the web app and are, therefore,
the ones considered by the algorithm.

Once the draft of the web app had been developed, 7 individuals with the same
characteristics as the end users were requested to evaluate the functionality, and the same
experts who participated in Phase 1 reviewed the content.
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2.4. Evaluation of Accessibility and Usability (Stage 2)

Recruitment took place in cardiology hospital admission units and consulting rooms,
coinciding with patient follow-up or a hospital stay. The patients received an explanation
about the purpose of this study and were invited to participate.

Those patients who gave verbal consent to participation, in turn, signed the corre-
sponding informed consent form (ICF).

After signing the ICF, the patients were scheduled for a visit by the HF team. During
that visit, the patients completed a questionnaire for personal data collection (age, gender,
educational level, marital status, family support, cohabitation, and time since HF diagnosis)
and the European Heart Failure Self-care Behaviour Scale (EHFScB) [24]. The scale consisted
of a self-administered 12-item questionnaire addressing different aspects of patient self-care.
Each item was rated from 1 (strongly/always agree) to 5 (strong/always disagree). The
total score, therefore, could range from 12 (best self-care) to 60 (worst self-care).

After completing the above, the patients received instructions on how to use the web
app and were given access to it for 30 days.

Each patient also received an automatic blood pressure monitor for daily recordings,
along with an e-mail address for technical help, if needed, or error reporting.

After 30 days of use, the accessibility and usability of the web app were evaluated.
The accessibility of the system was evaluated using the following indicators: % of

people who used the iCardioMonitor; % registry of HF monitoring parameters in the iCar-
dioMonitor digital system (patients recording data/day)—the range being 0–1350 registries.
This information was obtained directly from the records that were automatically produced
after patients’ use of iCardioMonitor.

The usability of the iCardioMonitor was evaluated as perceived by the users and
measured with the Spanish version of the Usability System Scale for the Assessment of
Electronic Tools (SUS) [25] (Cronbach α = 0.812) [27]. The questionnaire consisted of
10 items scored on a 5-point Likert scale from 1 (Strongly disagree) to 5 (Strongly agree).
The questionnaire was based on positive and negative affirmations. The odd item score was
obtained by subtracting 1 from the item score as given by the user, while the even item score
was obtained by subtracting the item score given by the user from 5. The total score was
calculated by adding up the odd and even scores, multiplied by 2.5. The final score ranged
from 0 (worst usability) to 100 (best usability), where excellent usability corresponded to a
score of >85 and good usability to a score of 68–84 [25].

In addition, the situations in which the algorithm identified an alert and the correlation
between the definition of an alert and what was identified as an alert were analyzed.

2.5. Ethical Points

This study complied with the Declaration of Helsinki and was approved by the Clinical
Research Ethics Committee of Hospital Universitario Central de Asturias (2023.007). All
the participants signed the ICF to be included in this study.

2.6. Data Analysis

An anonymized database was created, where a numerical code was assigned to each
participant. Analyses were performed using the SPSS IBM statistical package, version 27.0.
Only values of p < 0.05 were considered statistically significant.

A descriptive analysis was performed on the personal parameters, acceptability, and
usability, reporting the average and standard deviation (SD) for quantitative variables and
percentages for qualitative variables.

A normal data distribution was confirmed by the Shapiro–Wilk test.
Pearson correlation tests were performed between usability scores and age, time since

diagnosis, self-care and number of responses. The unpaired t-test (dichotomous variables)
or analysis of variance (ANOVA) (more than two groups) was used to compare the average
usability scores based on patient characteristics.
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Last, a linear regression analysis was performed with the usability score as the depen-
dent variable and the personal parameters, self-care score, and number of responses as
independent variables.

3. Results
3.1. Stage 1: Development of the iCardioMonitor System

After the analysis of the scientific literature and expert opinions, the iCardioMon-
itor finally consisted of a web app including three sections and an algorithm with the
capacity to automatically detect and report signs of decompensated HF to the Department
of Cardiology.

The first section of the web app includes information on healthy lifestyle habits and
signs and symptoms of decompensated HF. The second section focuses on instructing the
patients to measure their blood pressure correctly. The third section includes the patient
self-report registry of signs and symptoms.

The algorithm used to detect warning signs included the following warning criteria:
weight gain ≥ 2%/week; use of medication the day before = no; need to sleep with a pillow
or elevated headrest the night before = yes; dyspnoea = yes; systolic blood pressure ≥ 180
and diastolic blood pressure ≥ 100; presence of fatigue = yes; swollen feet = yes.

Once the first version of the web app had been developed, 7 individuals with the
same characteristics as the end users—mean age 66 years (standard deviation [SD] 7.51),
28.6% with primary education, 57.1% with secondary education and 14.3% with university
education—were requested to evaluate the functionality of the form. For this purpose,
they received access to the form and were asked to enter fictitious data to check correct
compliance and, thus, the reliability of the data registry based on the percentage coincidence
between provided and recorded data. The resulting percentage was 98%.

Last, the same experts who participated in Phase 1 reviewed the content, gave their
approval (100% agreement), and defined the alert criteria to be included in the algorithm.

3.2. Stage 2: Evaluation of Accessibility and Usability
3.2.1. Description of the Study Population

The sample for evaluating accessibility and usability consisted of 45 patients. The
average age was 55.8 years (standard deviation [SD] = 10.582), and the average time since
diagnosis was 7.1 years (SD = 7.471). Most of the participants were males (88.9%), with
secondary education (50.0%), married or with a partner (63.6%), cohabiting (86.4%), and
retired or unemployed (81.8%). The average score on the EHFScB self-care scale was
30.0 points (SD = 6.654) (Table 1).

Table 1. Personal characteristics and self-care score of this study’s sample (n = 45).

Variable Value

Average age in years (SD) 55.8 (10.582)
Average time since diagnosis, years (SD) 7.1 (7.471)

Gender, %
Males 88.9

Females 11.1
Educational level, %

Primary or less 36.4
Secondary 50.0
University 13.6

Marital status, %
Single 29.5

Married/partner 63.6
Divorced/separated 4.5

Widowed 2.3
Cohabiting, %

Alone 13.6
Accompanied 86.4

Self-care, average (SD) 30.0 (6.654)
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3.2.2. Acceptability

There were 1080 registries, of which 1008 were valid and 72 had errors (6.7%). Of the
45 patients who started the study, 12 withdrew before the first month (26.6%). In 50% of
these cases, the reason for withdrawal was hospital admission or health issues. Of the
twelve patients, eight had used the tool for 1–10 days, two for 11–20 days, and two for
25 days.

Of the 33 patients that completed the 30-day period, 13 (39.9%) used the tool for
1–10 days, 3 (9.1%) for 11–20 days, and 17 (51.5%) used it more than 21 times. Of the latter,
12 patients recorded all 30 measurements.

Considering the 45 participants, the percentage of global use from the start to with-
drawal (n = 12) or the end (n = 33) was 83.2%.

3.2.3. Usability

The average usability score was 77.2 points (SD = 21.828); according to SUS [25], this
means good usability. There were no significant differences in terms of age (p = 0.085), self-
care capacity (p = 0.227), educational level (p = 0.108), or cohabitation (p = 0.385). Statistical
significance was observed in relation to gender (p = 0.004), with women (mean = 89.2;
SD = 1.443) having a higher perception of usability than men (mean = 76.0; SD = 1.443).
Similarly, in terms of time since diagnosis, the perception of usability was significantly
greater at shorter times since diagnosis (p = 0.025), and significance was also observed in
terms of the number of responses (p = 0.031).

4. Discussion

The accessibility indicator results obtained show that the iCardioMonitor can be used
by the population for monitoring the symptoms indicating worsening of HF. Likewise,
the usability scores suggest high usability independently of the personal characteristics of
the users. A shorter time since HF diagnosis and an older patient age were identified as
usability predictors.

Development of the iCardioMonitor web app involved a rigorous process following
the descriptions of Guilabert et al. [30] and Mandracchia et al. [31] and considering the
applicable essential elements defined by Llorens-Vernet et al. [32], such as for example
security, content and usability. Special consideration was given to the content of the web
app, healthy lifestyle habits, and signs and symptoms of decompensated HF. This appears
logical in the case of the iCardioMonitor since one of its purposes is to transmit knowledge
to allow the population to take greater control of the disease—this is a factor identified in
the literature as being crucial in promoting self-care [8,33]. It should be emphasized that
using scientific evidence guarantees the quality of the content and is one of the aspects
regarded as most important by both patients and healthcare professionals [31]. In our
opinion, this is one of the positive aspects to be noted in the case of the iCardioMonitor.
The content of the iCardioMonitor was judged by experts as highly appropriate and was
based on the systematic analysis of the existing scientific literature [6,9,12,20,27,28].

On the other hand, the review carried out by Jakob et al. [34] found the adaptation of
content to the patient’s needs was one of the factors influencing adherence to the use of
digital tools designed for the management of non-transmissible diseases. As mentioned
above, the content of the iCardioMonitor was established in consultation with professionals
and patients, thereby adapting it to the demands of both. This may have been decisive in
generating the observed accessibility results.

It is important to highlight the need to promote the acquisition of knowledge, for
example, about lifestyle measures for preventing HF complications or symptoms that
predict worsening of HF. In fact, knowledge is one of the factors that promote self-care
behaviors in HF [35,36], and this can contribute to reducing hospital admissions and
mortality associated with HF [36].
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Another important aspect of our study was the high usability scores obtained, which
were very satisfactory (77.2%). The evidence suggests that there is a significant association
between adequate usability and easier tool usage [37,38], adherence to the use of the web
app [32], effectiveness and efficiency in achieving the expected goals [39], and increased
patient safety [40,41]. In a study carried out by Bylappa et al. [42], describing the usability
and feasibility results of an app similar to iCardioMonitor, usability was seen to be slightly
greater, though it should be noted that the participants reported difficulty in completing
some items, in contrast to the situation in our own study.

On the other hand, mention should be made of a study published by Floegel et al. [43].
In this case, monitoring, as suggested by the authors, included an ankle monitor with
automatic data recording. Although percentage participation during the study, and thus
the data registry, was slightly greater (92%) than in our case (83.2%), after completing the
study, only 18% of the subjects expressed a willingness to continue using the ankle monitor.

The recorded scores may be related to the fact that the principles of the Unified Theory
of Acceptance and Use of Technology were taken into account. The patients were specif-
ically informed about the importance (in terms of benefit) of using the iCardioMonitor
(expectancy performance) and were instructed on how to adequately use the web app,
including correct self-recording of the signs and symptoms (facilitating conditions). Health-
care professionals recommended regular follow-ups of their HF (social influence) [44].
Schroeder et al. [45] reported that the influence of the general practitioner upon elderly
patients in relation to the use of health applications plays a crucial role, with a positive
effect on patient perception of such tools. This influence may be even more significant than
that exerted by other closer individuals, such as relatives, for example. Although in the
present study, the role of mediators in using the iCardioMonitor was carried out by other
healthcare professionals, there is some similarity in that they were the referring physicians
for their chronic condition.

The results of our study showed no differences in usability scores due to educational
level or age. This implies that the iCardioMonitor could be used by a large percentage of
patients independently of their level of education and age, thus demonstrating adequate
usability for the targeted population. However, differences were observed in terms of
gender, the time since HF diagnosis, and greater self-completion of the symptoms ques-
tionnaire. The first of these results must be interpreted with caution since the number of
participating females was very low, raising the possibility of bias. On the other hand, we
think it makes sense that usability was rated more positively when the diagnosis of HF
was closer and when patients entered more data in the symptom questionnaire. These data
could be explained by the fact that greater perception of susceptibility to worsening due to
less control over the disease, which is a reasonable circumstance when the diagnosis is more
recent, in turn, predicts greater adherence to self-care behaviors [35]. In concordance with
other authors [45], increasing perceived susceptibility to an adverse event in patients with
HF contributes to increased control exerted upon the disease and, thus, to the prevention
of complications.

The adequate usability scores of the iCardioMonitor web app indicate that the latter
can be classified as excellent and may have positive effects on the targeted population.
The transmission of knowledge and the use of devices that facilitate self-monitoring are
among the main features of the iCardioMonitor and contribute to patients’ acceptance and
responsibility for their condition [46].

As a limitation, although the results of our study demonstrate proper acceptance and
usability of the iCardioMonitor, they highlight the need to assess the effectiveness of the
latter in improving self-management. It thus seems necessary to develop a pragmatic trial
to verify the hypothesis that the iCardioMonitor can contribute to preventing complications
of HF and hospitalizations.
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5. Conclusions

The iCardioMonitor system was developed as a web app and a knowledge-base
algorithm with the capacity to predict decompensated HF. Its development has been
carried out according to previously validated methods. The results obtained show that
iCardioMonitor is a tool accepted by patients and has obtained a remarkable score on
the usability scale. It thus may be of use in self-monitoring those symptoms consistent
with decompensation of the disease. Future studies should assess the effectiveness of
iCardioMonitor for early detection of complications due to HF.
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15. Pobrotyn, P.; Mazur, G.; Kałużna-Oleksy, M.; Uchmanowicz, B.; Lomper, K. The Level of Self-Care among Patients with Chronic
Heart Failure. Healthcare 2021, 9, 1179. [CrossRef] [PubMed]

16. Seid, S.S.; Amendoeira, J.; Ferreira, M.R. Self-Care and Quality of Life Among Adult Patients With Heart Failure: Scoping Review.
SAGE Open Nurs. 2023, 9, 23779608231193719. [CrossRef]

17. Borrelli, B.; Ritterband, L.M. Special issue on eHealth and mHealth: Challenges and future directions for assessment, treatment,
and dissemination. Health Psychol. 2015, 34S, 1205–1208. [CrossRef]

18. Leigh, J.W.; Gerber, B.S.; Gans, C.P.; Kansal, M.M.; Kitsiou, S. Smartphone Ownership and Interest in Mobile Health Technologies
for Self-care Among Patients With Chronic Heart Failure: Cross-sectional Survey Study. JMIR Cardio 2022, 6, e31982. [CrossRef]
[PubMed]

19. Madujibeya, I.; Lennie, T.A.; Pelzel, J.; Moser, D.K. Patients’ Experiences Using a Mobile Health App for Self-Care of Heart Failure
in a Real-World Setting: Qualitative Analysis. JMIR Form. Res. 2023, 7, e39525. [CrossRef] [PubMed]

20. Li, D.; Huang, L.T.; Zhang, F.; Wang, J.H. Comparative effectiveness of ehealth self-management interventions for patients with
heart failure: A Bayesian network meta-analysis. Patient Educ. Couns. 2024, 124, 108277. [CrossRef]

21. Allemann, H.; Andréasson, F.; Hanson, E.; Magnusson, L.; Jaarsma, T.; Thylén, I.; Strömberg, A. The co-design of an online
support programme with and for informal carers of people with heart failure: A methodological paper. J. Clin. Nurs. 2023, 32,
7589–7604. [CrossRef]

22. Online Browsing Platform. ISO 9241-11:2018; Ergonomics of Human System Interaction-Part 11: Usability: Definition and
Concepts. Internacional Organization for Standardization (ISO): London, UK. Available online: https://www.iso.org/obp/ui/
#iso:std:iso:9241:-11:ed-2:v1:en (accessed on 1 October 2024).

23. Cañazas, A.; De San Miguel, A.; Parra, E. Estimating Sample Size for Usability Testing. Enfoque UTE 2017, 8, 172–185. [CrossRef]
24. González, B.; Lupón, J.; Parajón, T.; Urrutia, A.; Herreros, J.; Valle, V. Use of the European Heart Failure Self-care Behaviour Scale

(EHFScBS) in a heart failure unit in Spain. Rev. Esp. Cardiol. 2006, 59, 166–170. [CrossRef] [PubMed]
25. Sevilla-Gonzalez, M.D.R.; Moreno Loaeza, L.; Lazaro-Carrera, L.S.; Bourguet Ramirez, B.; Vázquez Rodríguez, A.; Peralta-Pedrero,

M.L.; Almeda-Valdes, P. Spanish Version of the System Usability Scale for the Assessment of Electronic Tools: Development and
Validation. JMIR Hum. Factors 2020, 7, e21161. [CrossRef] [PubMed]

26. Venkatesh, V.; Morris, M.G.; Gordon, B.D.; Fred, D. User Acceptance of Information Technology: Toward a Unified View. MIS Q.
2003, 27, 425–478. [CrossRef]

27. Nick, J.M.; Roberts, L.R.; Petersen, A.B. Effectiveness of telemonitoring on self-care behaviors among community-dwelling adults
with heart failure: A quantitative systematic review. JBI Evid. Synth. 2021, 19, 2659–2694. [CrossRef]

28. Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.;
Evers, L.R.; et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College
of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022, 145, e895–e1032.
[CrossRef]

29. Guo, X.; Gu, X.; Jiang, J.; Li, H.; Duan, R.; Zhang, Y.; Sun, L.; Bao, Z.; Shen, J.; Chen, F. A Hospital-Community-Family-Based
Telehealth Program for Patients With Chronic Heart Failure: Single-Arm, Prospective Feasibility Study. JMIR Mhealth Uhealth
2019, 7, e13229. [CrossRef]

30. Guilabert, M.; Prades, J.; Borras, J.M.; Maestu, I.; Guerra, J.A.; Fumadó, L.; Mira, J.J.; AEMAC Program Research Team. A
Web-Based Self-assessment Model for Evaluating Multidisciplinary Cancer Teams in Spain: Development and Validation Pilot
Study. J. Med. Internet Res. 2022, 24, e29063. [CrossRef]

31. Mandracchia, F.; Tarro, L.; Llauradó, E.; Valls, R.M.; Solà, R. The “Healthy Meals” web app for the assessment of nutritional
content and food allergens in restaurant meals: Development, evaluation and validation. Digit. Health 2022, 8, 20552076221081690.
[CrossRef]

32. Llorens-Vernet, P.; Miró, J. Standards for Mobile Health-Related Apps: Systematic Review and Development of a Guide. JMIR
Mhealth Uhealth 2020, 8, e13057. [CrossRef]

33. Jaarsma, T.; Cameron, J.; Riegel, B.; Stromberg, A. Factors Related to Self-Care in Heart Failure Patients According to the
Middle-Range Theory of Self-Care of Chronic Illness: A Literature Update. Curr. Heart Fail. Rep. 2017, 14, 71–77. [CrossRef]
[PubMed]

34. Jakob, R.; Harperink, S.; Rudolf, A.M.; Fleisch, E.; Haug, S.; Mair, J.L.; Salamanca-Sanabria, A.; Kowatsch, T. Factors Influencing
Adherence to mHealth Apps for Prevention or Management of Noncommunicable Diseases: Systematic Review. J. Med. Internet
Res. 2022, 24, e35371. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ijnurstu.2021.103909
https://doi.org/10.1016/j.ijnsa.2023.100149
https://doi.org/10.3390/healthcare9091179
https://www.ncbi.nlm.nih.gov/pubmed/34574953
https://doi.org/10.1177/23779608231193719
https://doi.org/10.1037/hea0000323
https://doi.org/10.2196/31982
https://www.ncbi.nlm.nih.gov/pubmed/35029533
https://doi.org/10.2196/39525
https://www.ncbi.nlm.nih.gov/pubmed/37581912
https://doi.org/10.1016/j.pec.2024.108277
https://doi.org/10.1111/jocn.16856
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://doi.org/10.29019/enfoqueute.v8n1.126
https://doi.org/10.1157/13084645
https://www.ncbi.nlm.nih.gov/pubmed/16540039
https://doi.org/10.2196/21161
https://www.ncbi.nlm.nih.gov/pubmed/33325828
https://doi.org/10.2307/30036540
https://doi.org/10.11124/JBIES-20-00329
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.2196/13229
https://doi.org/10.2196/29063
https://doi.org/10.1177/20552076221081690
https://doi.org/10.2196/13057
https://doi.org/10.1007/s11897-017-0324-1
https://www.ncbi.nlm.nih.gov/pubmed/28213768
https://doi.org/10.2196/35371
https://www.ncbi.nlm.nih.gov/pubmed/35612886


Healthcare 2024, 12, 1986 11 of 11

35. Nadrian, H.; Shojafard, J.; Mahmoodi, H.; Rouhi, Z.; Rezaeipandari, H. Cognitive determinants of self-care behaviors among
patients with heart failure: A path analysis. Health Promot. Perspect. 2018, 8, 275–282. [CrossRef]

36. Camino Ortega, E.; Baroja Gil de Gómez, A.; González Gamarra, A.; Cuevas-Budhart, M.A.; García Klepzig, J.L.; Gómez Del
Pulgar García-Madrid, M. Education interventions in heart failure using m-Health: Systematic review. Aten. Primaria 2023, 55,
102734. [CrossRef]

37. Maramba, I.; Chatterjee, A.; Newman, C. Methods of usability testing in the development of eHealth applications: A scoping
review. Int. J. Med. Inform. 2019, 126, 95–104. [CrossRef]

38. Sinabell, I.; Ammenwerth, E. Agile, easily applicable, and useful eHealth usability evaluations: Systematic review and expert-
validation. Appl. Clin. Inform. 2022, 13, 67–79. [CrossRef]

39. Klaasse, N.B.; van Beijnum, B.J.; Hermens, H.J. Usability in telemedicine systems-a literature survey. Int. J. Med. Inform. 2016, 93,
57–69. [CrossRef]

40. Kushniruk, A.; Borycki, E. Low-cost rapid usability testing: Its application in both product development and system implementa-
tion. Stud. Health Technol. Inform. 2017, 234, 195–200.

41. Marcilly, R.; Schiro, J.; Beuscart-Z!ephir, M.C.; Magrabi, F. Building usability knowledge for health information technology: A
usability-oriented analysis of incident reports. Appl. Clin. Inform. 2019, 10, 395–408. [CrossRef]

42. Bylappa, B.K.; Kamath, D.Y.; Josephine, I.S.; Shaikh, J.; Kamath, A.; Rioniz, P.; Kulkarni, S.; Varghese, K.; Xavier, D. Usability and
feasibility assessment of a smartphone application (Suhriday) for heart failure self-care remote monitoring in an Indian tertiary
health care setting: A pilot mixed-methods study. BMJ Open 2022, 12, e056962. [CrossRef]

43. Floegel, T.A.; Allen, K.D.; Buman, M.P. A pilot study examining activity monitor use in older adults with heart failure during and
after hospitalization. Geriatr. Nurs. 2019, 40, 185–189. [CrossRef] [PubMed]

44. Baghianimoghadam, M.H.; Shogafard, G.; Sanati, H.R.; Baghianimoghadam, B.; Mazloomy, S.S.; Askarshahi, M. Application of
the health belief model in promotion of self-care in heart failure patients. Acta Med. Iran. 2013, 51, 52–58. [PubMed]

45. Schroeder, T.; Seaman, K.; Nguyen, A.D.; Gewald, H.; Georgiou, A. Social Determinants of Mobile Health App Adoption—A
Qualitative Study of Older Adults’ Perceptions in Australia. Stud. Health Technol. Inform. 2023, 304, 81–85. [CrossRef] [PubMed]

46. Santero, M.; Song, Y.; Beltran, J.; Medina-Aedo, M.; Canelo-Aybar, C.; Valli, C.; Rocha, C.; León-García, M.; Salas-Gama, K.;
Kaloteraki, C.; et al. Effectiveness and Cost-Effectiveness of Self-Management Interventions for Adults Living with Heart Failure
to Improve Patient-Important Outcomes: An Evidence Map of Randomized Controlled Trials. Healthcare 2024, 12, 302. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.15171/hpp.2018.39
https://doi.org/10.1016/j.aprim.2023.102734
https://doi.org/10.1016/j.ijmedinf.2019.03.018
https://doi.org/10.1055/s-0041-1740919
https://doi.org/10.1016/j.ijmedinf.2016.06.004
https://doi.org/10.1055/s-0039-1691841
https://doi.org/10.1136/bmjopen-2021-056962
https://doi.org/10.1016/j.gerinurse.2018.10.001
https://www.ncbi.nlm.nih.gov/pubmed/30391041
https://www.ncbi.nlm.nih.gov/pubmed/23456585
https://doi.org/10.3233/SHTI230376
https://www.ncbi.nlm.nih.gov/pubmed/37347575
https://doi.org/10.3390/healthcare12030302

	Introduction 
	Materials and Methods 
	Design 
	Study Population 
	Development of the iCardioMonitor System (Stage 1) 
	Phase 1: Analysis of the Scientific Literature and Expert Opinions 
	Phase 2: Design of the iCardioMonitor Web App and Definition of Alert Criteria 

	Evaluation of Accessibility and Usability (Stage 2) 
	Ethical Points 
	Data Analysis 

	Results 
	Stage 1: Development of the iCardioMonitor System 
	Stage 2: Evaluation of Accessibility and Usability 
	Description of the Study Population 
	Acceptability 
	Usability 


	Discussion 
	Conclusions 
	References

