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Abstract

Background: Solid organ transplantation could be the only life-saving treatment for end-stage heart failure. Nevertheless,
multimorbidity and polypharmacy remain major problems after heart transplant. A technology-based behavioral intervention
model was established to improve clinical practice in a heart transplant outpatient setting. To support the new strategy, the mHeart
app, a mobile health (mHealth) tool, was developed for use by patients and providers.

Objective: The primary objective of this study was to describe the implementation of the mHeart model and to outline the main
facilitators identified when conceiving an mHealth approach. The secondary objectives were to evaluate the barriers, benefits,
and willingness to use mHealth services reported by heart transplant recipients and cardiology providers.

Methods: This was an implementation strategy study directed by a multidisciplinary cardiology team conducted in four stages:
design of the model and the software, development of the mHeart tool, interoperability among systems, and quality and security
requirements. A mixed methods study design was applied combining a literature review, several surveys, interviews, and focus
groups. The approach involved merging engineering and behavioral theory science. Participants were chronic-stage heart transplant
recipients, patient associations, health providers, stakeholders, and diverse experts from the legal, data protection, and interoperability
fields.

Results: An interdisciplinary and patient-centered process was applied to obtain a comprehensive care model. The heart transplant
recipients (N=135) included in the study confirmed they had access to smartphones (132/135, 97.7%) and were willing to use
the mHeart system (132/135, 97.7%). Based on stakeholder agreement (>75%, N=26), the major priorities identified of the
mHealth approach were to improve therapy management, patient empowerment, and patient-provider interactions. Stakeholder
agreement on the barriers to implementing the system was weak (<75%). Establishing the new model posed several challenges
to the multidisciplinary team in charge. The main factors that needed to be overcome were ensuring data confidentiality, reducing
workload, minimizing the digital divide, and increasing interoperability. Experts from various fields, scientific societies, and
patient associations were essential to meet the quality requirements and the model scalability.

Conclusions: The mHeart model will be applicable in distinct clinical and research contexts, and may inspire other cardiology
health providers to create innovative ways to deal with therapeutic complexity and multimorbidity through health care systems.
Professionals and patients are willing to use such innovative mHealth programs. The facilitators and key strategies described
were needed for success in the implementation of the new holistic theory–based mHealth strategy.
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Introduction

Background
Solid organ transplantation could be the only life-saving
treatment for end-stage heart failure [1]. Since the first heart
transplant was performed in 1967, recipients’ life expectancy
has markedly increased [2-4], making heart transplant a chronic
condition. Nevertheless, the improvement in survival has been
accompanied by greater multimorbidity [5,6] and long-term
complexity [7-9]. Five years posttransplant, 95% of heart
recipients have hypertension, 81% have hyperlipidemia, 33%
have chronic renal failure, and 32% have diabetes [7]. In
addition, nonadherence to lifestyle recommendations (eg, diet,
exercise, or blood pressure monitoring) is frequent after
transplant, with serious consequences for survival [10,11].

Another challenge for heart transplant recipients is the lifetime
need to rigorously follow a regimen of immunosuppressive
therapy to avoid rejection and to take multiple drugs to treat
comorbidities [12]. Five years posttransplant, heart recipients
take an average of 10 drugs [13], with a third of them taking
more than 16 medications per day [8]. These therapeutic
complexity rates are high compared with those in other
chronically ill populations [8,9,14,15], increasing the risk of
poor therapeutic adherence [16], pharmacological interactions
and medication adverse effects [17-19], impaired quality of life
[20,21], hospital readmissions [22], and even mortality [23]. In
particular, 20%-50% of recipients are nonadherent to
immunosuppressive treatment [24,25], which is worrisome
owing to the association between nonadherence and graft failure,
rejection, and poor survival after heart transplant [10,24].

The search for clinical improvement practices to deal with
multimorbidity and polypharmacy is currently a priority for
heart transplant providers [26]. Longer morbidity-free survival
rates and enhanced quality of life [2,27] could be achieved by
improvements in healthy lifestyle habits, medication
management, and quality of care [2,11]. Some promising
strategies have already been tested in clinical practice and are
ready to be applied in the heart transplant population.

First, integrated and comprehensive health care programs carried
out by proactive teams could enhance health outcomes [28,29].
Well-trained interdisciplinary teams have been associated with
better management of chronicity after heart transplant [30,31].
Second, the use of internet-based (eHealth) systems, including
web and mobile health (mHealth) apps, has been reported to
improve lifestyle and medication management in chronic
conditions [32-42]. According to the International Society for
Research on Internet Interventions (ISRII) statements [43] and
other authors [44], internet-based models are an opportunity to
deliver interventions to produce a cognitive and behavioral
change in patients. Such interventions consist of “treatments,
typically behaviorally based, that are operationalized and
transformed for delivery via the internet” [43,45-47]. To increase
their efficacy, these interventions are typically tailored to an
individual’s needs and environment, based on electronic
patient-reported outcomes [36,40,48]. The establishment of new
internet-based interventions in the field of transplantation is
promising [26,49,50], but holistic models based on behavioral
change technologies in heart transplant population are still
scarce.

Based on these strategies, an internet- and theory-based holistic
intervention model was implemented for the first time in the
heart transplant outpatient clinic of a tertiary hospital. The new
practice was designed to help health providers improve
medication safety and effectiveness, patient-provider
interactions, and comprehensive clinical care. The tool created
to support the interventional program, the mHeart system, was
a mobile app complemented by a website for use by patients
and providers (Figure 1). Establishing the new model was costly
and time-consuming and its implementation in usual practice
posed several challenges to the multidisciplinary team in charge.
The skills of the health providers in charge, such as patient
engagement, motivational interviewing, and management [51],
were essential to lead the implementation. The mHeart system
and the theory-based interventional health care program were
designed to offer a solid starting point to improve health
outcomes in complex populations such as heart transplant
patients.
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Figure 1. The mHeart system menu, displaying the different app modules: Treatment, Agenda, Self-control, Symptoms, Messaging, Health Education
and Advice, Personal and Clinical Data.

Outlining the methodology used, principal findings, and the
barriers and facilitators encountered in usual clinical practice
could be highly useful for new developers and could be
generalizable in other contexts. Therefore, this article may guide
other health providers in the implementation of holistic and
interdisciplinary internet-based strategies to improve clinical
practice.

Objectives
The main objectives of this study were (1) to describe the
implementation of a holistic interdisciplinary technology-based
behavioral intervention model to improve therapy management
and the clinical care of heart transplant recipients, and (2) to
outline the facilitators for future implementations based on the
experience gained.

Secondary objectives were to assess patients’ access to
technology and willingness to use mHealth services, and to
analyze stakeholders’ opinions of the major gains and barriers
to an mHealth approach.

Methods

Study Design and Setting
This study is based on an implementation strategy of a clinical
practice improvement model. The study was conducted in a
heart transplant outpatient setting of a cardiology unit of a
tertiary university hospital between 2014 and 2017. A mixed
methods design was applied and included several surveys,
interviews, and focus groups. The study was approved by the
institutional review board (IIBSP-MHE-2014-55). Participants
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were adult outpatient heart transplant recipients; representatives
of patient associations; health professionals; providers; and
experts in quality, safety, or legal fields. Participants were
informed of the study objectives and of the team conducting
the study. All participants provided written consent.

The Standards for Reporting Implementation Studies [52] were
followed for transparent and accurate data reporting for the
entire study. When the content analysis method was used from
group discussions, the Consolidated Criteria for Reporting
Qualitative Research (COREQ) [53] were applied. In addition,

the directions for the ISRII [43] and the CONSORT-EHEALTH
guidelines [47] were followed to report the internet-based
interventional program, as appropriate.

Procedures

Phases and Team
The internet-based strategy was carried out in four stages,
including design; development; interoperability and
implementation; and quality, security, and legal requirements.
A summary of the aims of the stages and the methodology used
is provided in Figure 2.

Figure 2. Summary of the procedures and stages followed during implementation of the mHeart approach.

The interdisciplinary clinical team in charge of the mHeart
system was the hospital’s scientific advisory team, composed
of 4 cardiologists, 2 cardiology nurses, 1 cardiology
psychologist, and 2 clinical pharmacists. All of them were

female except for the male cardiologist. Among the pharmacists,
one was a transplant pharmacist with experience in motivational
interviewing and transplant therapeutics, while the other had
broad experience of managerial skills. The transplant pharmacist
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was assigned as the scientific coordinator and undertook the
following tasks: facilitating procedures and meeting deadlines,
prioritizing tasks, liaising with participants and the technical
team, and reporting to the scientific advisory team.

Stage 1: Design
Stage 1 lasted from April 2, 2014 to March 15, 2015. During
this period, distinct methodologies were combined to establish
the following approach.

First, the software was categorized by the scientific advisory
team as a behavior intervention technology to facilitate relevant
overall goals: health behavior change (ie, increase patients’
healthy behaviors and prevent the onset of disease) and targeted
disease management (ie, facilitate therapeutic interventions and
improve patients’ self-management). The system was initially
conceived of as an mHealth software based on a mobile app for
heart transplant recipients in the outpatient setting. The software
was interactive with additional human support (ie, a
multidisciplinary heart transplant team) [43]; thus, a website
was also designed for providers.

Second, the scientific advisory team reviewed design models
for the development of behavior intervention technologies,
mainly that of Mohr et al [54] but also several others [55-58],
which served as a guide for how to combine technology
engineering with behavioral science. Several expert reports on
the efficacy of internet-based interventions and system
engagement were also reviewed [35,43,45-47,59-61]. Behavior
change theories were used as a framework to design the
interventions and software components. The interventional
program was based on human support, motivational engagement,
and therapeutic alliance [62,63]. The strategies applied included
tailored feedback, among others [44,64-67]. The taxonomy of
Abraham and Michie [68] was used to standardize the
theory-based interventions in terms of discrete techniques. These
techniques are fully described to improve the future replication
of the approach and its adoption in usual clinical practice or
research (Multimedia Appendix 1). Interactive elements were
also used as digital triggers to prevent the law of attrition in
eHealth interventions (eg, alerts, prompts, reminders,
notifications, messages, and video calls) [62,69]. The
components of the system aimed to deliver personalized
interventions using motivational interviewing techniques,
according to common practice in heart transplant centers [25,70].

Third, the scientific advisory team performed a literature review
to guide the specific clinical subaims and software
functionalities that should be prioritized in the model [54] and
identify the barriers to be overcome, including institutional
reports such as those of the US Food and Drug Administration,
European Union, and Pharmacist Associations statements about
eHealth [37-39,71-77]; studies on improving polypharmacy and
chronic disease management [34,36,40-42,48,78,79]; and studies
or reports describing patient-reported outcome measures with
an impact on survival in heart transplant [7,10,11,79-85].

Fourth, the opinions of end users (ie, providers and patients)
were evaluated. To assess patients’ access to technology and
willingness to use mHealth services, the scientific coordinator
performed a 45-minute, in-depth face-to-face interview with

each adult chronic-stage (>1.5 years from heart transplant)
recipient included in the study. The recipients were recruited
consecutively in the Cardiology Outpatient Clinic from April
15, 2014 until April 2, 2015. The interviews aimed to determine
patients’ current access, knowledge, and use of technology and
their willingness to use an mHealth approach. The interview
was based on a questionnaire previously reported by
McGillicuddy et al [86]. Sociodemographic and clinical
variables were collected from the patients’ electronic health
records. The data collection sheet is provided in Multimedia
Appendix 2.

To assess the stakeholders’ agreement about the gains and
barriers associated with an mHealth approach in the heart
transplant population, the scientific coordinator invited a
purposive sample of stakeholders to participate in a survey. The
themes were previously identified in the literature review and
were related with benefits and barriers associated with an
mHealth approach directed to multimorbid patients with
polypharmacy (Multimedia Appendix 2). The survey was sent
by email on September 29, 2014. The results were used to
indicate which clinical subaims of the approach should be
prioritized and the software design solutions necessary to
overcome the limitations identified. An agreement of >75% of
the stakeholders was considered adequate [87].

The following stakeholders were eligible for selection:
interdisciplinary transplant staff (n=21), with no distinction
being made in terms of age, knowledge of technologies, or
favorable or unfavorable personal opinions about eHealth
programs; technology analysts (n=2); experts in mHealth (n=3)
(ie, the Regional Health Department specialist in innovative
health care projects, the manager of the mHealth.cat Regional
Health Department, and the Director of the mHealth Competence
Center at Mobile World Capital); the hospital manager (n=1);
and the manager of the Regional Technology, Innovation, and
Public Health Department (n=1).

Stage 2: Development
Stage 2 lasted from March 15, 2015 to June 2, 2016 and aimed
to design the technology and to test mHeart. The development
of the system was assigned to a health care system apps firm.
The technical team consisted of 1 analyst, 5 developers (superior
systems engineers), 1 designer, and 1 project leader. The
scientific coordinator intervened throughout the process,
providing advice to the technical team and consulting with other
providers when necessary. Development and testing
environments were used by the technical team to respectively
produce and consolidate the system prototypes before end users
were involved. First, a general software structure was set up
(mHealthCare system) to then direct it to heart transplant
specifications and obtain the mHeart tool. The system was built
as three apps: web, Android, and iOS mobile apps. To increase
the scalability of the approach and data transparency, an in-depth
description of the system’s technical details, the source code,
and other relevant details are provided in an online dataset [88].

The mHeart prototypes were tested by end users in a Staging
environment (alpha testing), followed by a Production
environment (beta testing).
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Alpha testing of Prototype 1 was performed to explore three
domains: feature intuitiveness, esthetics, and new software
elements or functions not considered during the design stage.
With this aim, two distinct group sessions were held on
September 15, 2015: one with the hospital’s scientific advisory
team (n=9) and the other with heart transplant recipient
volunteers consecutively recruited from the Cardiology
Outpatient Clinic (n=6). Each session lasted 3 hours and was
led by the technical team and the scientific coordinator. A video
of the prototype was played to guide the groups through each
of the prototype modules and functions. Participants were then
asked to complete the same tasks using the tool on their
smartphones. Software usability issues, uncompleted tasks, and
doubts arising during the sessions were noted. At the end of the
session, the three domains were explored. Field notes were
recorded by a nurse of the scientific advisory team during the
session. Conclusions were provided to participants at the end
of the session for comments or corrections.

Beta testing of Prototype 2 aimed to obtain user feedback
simulating a real-world home-based 4-week follow-up (January
10, 2016 to February 10, 2016). Participants consisted of the
scientific advisory team (n=9) and volunteer heart transplant
recipients consecutively recruited from the Cardiology
Outpatient Clinic (n=6). Each day, participants electronically
completed a data collection sheet with the following domains:
technical issues, amendments suggested by the participants, and
additional features not included in the prototype. The test
findings were analyzed by the scientific coordinator in consensus
with the technical team to prioritize tasks.

Additionally, an external session was held in the offices of the
local transplant organization on October 25, 2016. Participants
consisted of representatives of patient associations (n=7)
recruited via telephone by the organization. The scientific
coordinator conducted a 2-hour session with a video
demonstration of prototype 2. The participants were then asked
to complete the same tasks using the tool on their smartphones.
At the end of the session, the domains explored were the tool’s
acceptance, adaptability of the approach to other heart transplant
centers, and any new queries or opinions. Field notes were
recorded by a nurse of the scientific advisory team during the
session. Conclusions were provided to participants at the end
for comments or corrections.

Stage 3: Interoperability and Implementation
Stage 3 aimed to mitigate the potential lack of interoperability
(the property of systems such as mHeart and medical records
to exchange data) and to ensure the implementation of the
approach in clinical practice. The survey designed is provided
in Multimedia Appendix 2. Themes were identified in advance,
including the available technical possibilities and resources to
automatically transfer patients’ sociodemographic data from
electronic health records to mHeart, and to upload data recorded
in mHeart to medical records. Purposive participants were
recruited by phone by the scientific coordinator: these
participants consisted of the manager of the Hospital Information
Analysis Department and the manager of the mHealth.cat
Regional Health Department. The survey was sent by email on

February 16, 2016. The responses were analyzed, and feasible
solutions were prioritized by the scientific coordinator in
consensus with the technical team.

Stage 4: Quality, Security, and Legal Requirements
Stage 4 aimed to ensure the quality and security of the
internet-based platform. The scientific coordinator sought the
involvement of hospital experts or external consultation on the
following domains: data protection and confidentiality policy
(n=2), legal requirements (n=2), intellectual and industrial
property (n=3) and an external consultant (n=1), and evaluation
of mobile apps standards and certifications (n=1). Feasible
solutions were applied based on the experts’ requirements and
technical possibilities. Finally, written endorsement of the
quality content was requested from 1 regional health institution,
2 scientific societies, and 2 patient associations.

Data Recording and Statistical Analysis
To ensure data accuracy, data collected during the study stages
were recorded electronically in the online database Clinapsis
[89] by a pharmacist. A second review was independently
performed by a pharmacist and a physician. None of the data
coders was part of the hospital’s scientific advisory team.

Statistical analysis was applied to analyze the results of patient
interviews and stakeholder surveys. Categorical variables are
reported as number and percentage. Quantitative variables are
expressed as the mean and standard deviation. Nonnormally
distributed variables are expressed as the median and
interquartile range. The statistical analysis was performed with
IBM SPSS (V22.0).

Results

Stage 1: Design
Regarding patient access to technology and willingness to use
mHealth services, of the 158 recipients >1.5 years from heart
transplant, 142 (89.9%) were assessed for eligibility and 135
(85.4%) were finally recruited and analyzed. Of the patients
excluded, 5 were followed up in another transplant center, 5
had cognitive impairment, and 6 were palliative. Of the 7
recipients who declined to participate, the reasons were lack of
interest (n=2), lack of time to complete the interview (n=4), and
feeling too unwell to complete the interview (n=1).

Basic demographic and clinical data of the 135 chronic-stage
heart transplant recipients interviewed are provided in Table 1.
Briefly, the recipients’ mean age was 57 (SD 14) years and 31%
were women. The mean time since transplant was 12 (SD 7,
range 2-31) years and was ≥15 years in 32% of the sample. The
mean total number of drugs prescribed was 12 (SD 3, range
5-21) to treat 6 (SD 3, range 0-11) comorbidities posttransplant.

Respondents’ access to technology and willingness to use
mHealth services are described in Table 2. Patients’ opinions
led to the inclusion of the following elements: the figure of the
tutor (a caregiver or a close family member), a proactive
technical support service, and a website profile for patients to
complement the initial mHealth system.
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Table 1. Chronic heart transplant recipients’ (>1.5 years from transplant) sociodemographic and clinical characteristics (N=135).

ValueVariable

41 (30.4)Women, n (%)

57 (14)Age at time of study inclusion (years), mean (SD)

Time since transplant at the time of study inclusion (years)

12 (7), 2-31Whole sample, mean (SD), range

11 (8.1)>1.5-3, n (%)

16 (11.9)3-5, n (%)

27 (20.0)5-10, n(%)

37 (27.4)10-15, n (%)

43 (31.9)≥15, n (%)

27 (6)BMI (kg/m2), mean (SD)

Heart failure etiology, n (%)

36 (26.7)Coronary/ischemic

58 (43.0)Cardiomyopathy

41 (30.4)Other

33 (24.4)Urgent heart transplant, n (%)

Educational attainment, n (%)

15 (11.1)No schooling

58 (43.0)Middle school graduate

25 (18.5)High school graduate

36 (26.7)University graduate

Employment status, n (%)

74 (54.8)Disability

20 (14.8)Retired

7 (5.2)No previous employment

33 (24.4)Currently working

28 (20.7)Need or requirement for caregiver, n (%)

115 (85.2)Lives with someone else, n (%)

6 (3), 0-11Number of comorbidities, mean (SD), range

Patients with comorbidity posttransplant, n (%)

94 (69.6)High blood pressure

73 (54.1)Dyslipidemia

58 (50.0)Chronic kidney failure

52 (38.5)Osteopathies and chondroplasties

51 (37.8)Diseases of the nervous system

49 (36.3)Mood and anxiety disorders

42 (31.1)Digestive system diseases or disorders

42 (31.1)Diabetes mellitus

39 (28.9)Neoplasia

27 (20.0)Arthropathies

12 (3); 5-21 (9-14)Total number of drugs prescribed, mean (SD); range (IQR)
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Table 2. Chronic heart transplant recipients’ (>1.5 years from transplant) access to technology and willingness to use mobile health (mHealth) services
(N=135).

ValueVariable

2.2 (0.7)Number of devices per patient, mean (SD)

Types of devices owned by patients, n (%)

132 (97.8)Mobile phone

98 (72.6)Computer

60 (44.4)Tablet

Internet access on patients’ devices, n (%)

112 (83.0)3G or 4G connection

18 (13.3)Only connects to the internet using WiFi

5 (3.7)Does not know/no response

Frequency of technology use, n (%)

87 (64.4)Often

35 (25.9)Sporadically

13 (9.6)Never

Internet usage for health-related purposes, n (%)

41 (30.4)Often

43 (31.9)Sporadically

51 (28.1)Never

Initial assessment of the mHealth approach, n (%)

2 (1.5)Not very useful

92 (68.1)Useful

40 (29.6)Very useful

1 (0.7)Not yet known until the platform is tested

Initial assessment of mHeart type of platform, n (%) (multiple choice)

81 (60.0)Interested in using mHeart mobile app

64 (47.4)Interested in using mHeart website

40 (29.6)Not yet known until the platform is tested

30 (22.2)Initially requires a tutor to use the platform, n (%)

According to stakeholder agreement about the benefits and
barriers of an mHealth approach, of the 31 stakeholders invited
to complete the survey, 2 nurses, 2 cardiologists, and 1 social
worker did not respond. No reasons were reported. Finally, 26
stakeholders responded to the questionnaire, 17 (65%) were
women with a mean age of 46 (SD 10) years. The profiles of
the 26 participants were: 6 (23%) physicians, 3 (11%) nurses,
5 (19%) pharmacists, 2 (8%) psychologists, 2 (8%) technology
analysts, 3 (11%) key representatives of local health authorities,
2 (8%) representatives of regional health authorities, and 3
(12%) experts in mHealth.

The main gains of the mHeart strategy according to
stakeholders’ opinions are detailed in Table 3. Consensus was
strong for the use of mHealth to improve therapy management
(>85%). In this sense, the mHeart key features were mainly

designed according to the aims presented in Textbox 1. Strong
agreement (>75%) was also achieved for several other
comprehensive benefits. Thus, the software features design was
also directed to promote patient-provider interactions and
communication, and to empower patients to play a more active
role in their lifestyle, treatment, and self-care. The major barriers
of an mHealth approach identified by stakeholders are described
in Table 3. Of note, agreement among stakeholders was weak
for all items (<75%). Relevant barriers were prioritized to be
overcome by the hospital’s scientific advisory team due to their
impact on implementation and scalability: (1) ensuring the
system’s legal requirements, quality, and data security; (2)
mitigating end users’digital divide (providers and patients); (3)
achieving system interoperability; and (4) building the mHeart
software in a global structure that could be easily adapted to
other complex diseases.
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Table 3. Stakeholders’ agreement on the benefits and limitations of a mobile health approach in multimorbid patients with polypharmacy such as the
heart transplant population (N=26).

Stakeholders, n (%)Statement for agreement

Benefits

23 (88)Improves patients’ knowledge of therapy, management, and medication adherence

21 (81)Improves the continuity of care and the flow of information between providers and levels of care

20 (77)Allows patients to be empowered and actively manage their disease and treatment

20 (77)Resolves patient and caregiver queries from home due to the two-way health care provider-patient communication

17 (65)Monitoring and managing patient-reported outcomes such as symptoms and adverse effects to drugs

17 (65)Focuses on health promotion and prevention to reduce the number of acute events

17 (65)Increases the cost-effectiveness of resources by reducing both scheduled and urgent visits due to decompensation

17 (65)Facilitates innovation in health and documentation of evidence that translates into measurable health outcomes

10 (38)Reduces inequalities in access to the health system due to traveling difficulties or lack of resources

4 (15)Improves patients’ experience because of close communication with providers

Limitations

15 (58)Increase in workload for staff

14 (54)Lack of institutional guidelines to set up and implement systems and accreditation of mobile health apps

13 (50)Risk of not sharing the patient’s registered information with other levels of care or with other apps (used to manage
other health conditions)

6 (23)Risk of not protecting confidential patient data

6 (23)Risk of creating inequalities in patient care due to resistance to use technology or the digital divide

4 (15)Lack of guarantee of the long-term economic sustainability of research projects for innovative technologies and com-
panies that develop the systems

Textbox 1. Main aims of the mHeart strategy and software according to stakeholder’s agreement.

• Improve therapy management (>85%)

• Identify nonadherent patients and determinants of medication nonadherence.

• Identify potential pharmacological interactions and adverse effects.

• Improve patients’ knowledge and management of regimens.

• Reinforce patients’ coresponsibility in their treatment.

• To provide early medication adjustments and tailored interventions based on patient-reported outcomes.

• To promote patient-provider interactions and communication (>75%)

• To empower patients to play a more active role in their lifestyle, treatment, and self-care (>75%)

Stage 2: Development
As a result of the alpha testing with focus groups, additional
features and improvements in functionality were implemented;
the list is fully detailed in Multimedia Appendix 3. Beta testing

feedback greatly improved usability, and the suggestions not
affecting usability or security were postponed to subsequent
mHeart improvement phases. New developers could incorporate
these challenges described in Textbox 2 into their initial design
of the system.
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Textbox 2. Beta testing suggestions postponed to subsequent mHeart improvement phases; new developers could incorporate these challenges into the
initial design of a new system.

• Automatic responses to consultations regarding interactions with concomitant therapies connected to the official database.

• Programming periodic changes to the mHeart questionnaire type or order of items (eg, adherence or general condition). This will prevent the
patient from responding in a routine manner and the system from losing sensitivity in identifying nonadherent patients.

• Set up a discussion forum for patients.

• Enable patients at home to print the medication chart and the calendar with all tasks planned in the tool’s agenda by providers and patients.

• Connecting the mHeart agenda with the hospital visit scheduling system to automatically download the appointment schedules on the mHeart
system.

• Develop a decision support system based on artificial intelligence algorithms (patterns and prediction rules).

• Translating the platform into other languages to make the tool usable in other countries.

Important contributions were also obtained from patient
association opinions. First, participants showed interest in using
mHealth to manage their chronic comorbidities. Moreover, they
highlighted their interest in two-way messaging with the clinical
team. Participants also compared the tool with other free
downloadable tools from online stores. Thus, the main additional
value of mHeart noticed by the participants was primarily that
it was adapted to their condition by transplant providers and
that they could obtain clinical feedback on the activity recorded.
Finally, they requested a patients’ chat room and a
patient-provider teleconference module.

The entire technical development and user testing processes
resulted in the final prototype of mHeart primarily directed to
carry out integral therapy management and clinical care in

transplant populations, and specifically in heart transplant
recipients. The system is a mobile phone app connected to a
website [90] for use by providers and patients. The app can be
downloaded free from the online Google [91] and Apple [92]
stores. The general layout is represented in Figure 3 and is
detailed in the online dataset [88]. From a clinical point of view,
the tool can be simultaneously used on distinct devices to
facilitate support from caregivers or tutors. The use of the
platform by patients and the multidisciplinary team are
summarized in Tables 4 and 5. The behavioral framework and
theory-based interventions that could be delivered using the
mHeart tool in future intervention studies are listed in
Multimedia Appendix 1. More details about functionalities and
a video of the clinical use of the mHeart mobile app are also
provided in the online dataset [88].

Figure 3. Functional layers and cloud architecture of mHeart. HIS: hospital information system; LOPD: the Spanish Organic Data Protection Law;
WS: web server; HL7: High Level-7.
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Table 4. mHeart patient profile modules, components, and clinical use.

Components and clinical usePatient module

Medication list including information on inactive drugs.

Enquire about interactions consultation (ie, ask transplant pharmacist about new therapies).

Treatment

Consulting and recording data (manually or using wearables). Reminders can be scheduled in the Agenda module.

(1) Vital signs (ie, blood pressure, temperature, pulse and respiratory rate) and biomeasurements (ie, weight, height,
glycemia).

(2) Dietary intake, exercise data, and general wellness.

Health instruments: adherence to medication (Haynes-Sachet [94] and Morisky-Green 4-item scale [95]), insomnia
(Insomnia Severity Index [96]), and quality of life (EQ-5D-3L [97]).

(3) Symptoms or adverse effects. The symptoms connected with an alert to clinicians were diarrhea, vomiting, fever,
fainting episode, and syncope.

Patient-Centered Module

The content of diverse modules is uploaded. A Push text alert can be activated on the patient’s mobile phone.

(1) Medication timing and consultation of recommendations.

(2) Drug intake recording (single or several drugs at the same time) and reasons for nonadherence (drop-down list).

(3) Nonpharmacological prescriptions (eg, relaxation practice according to the psychologist’s prescription).

(4) Tasks from the Patient-Centered Module programmed (eg, blood pressure monitoring 3 times per week).

(5) Health reminders (eg, appointments, blood tests).

Agenda

(1) Teleconference: individual and group sessions.

(2) A private patient-provider chat. Files can be attached.

Communication Aids

Healthy lifestyle and health promotion information (eg, texts, photographs, or multimedia files).Health Advice

Sociodemographic data, documented allergies, and provider profiles (including affiliation and picture).Personal and Clinical Data

(1) A help center service to solve both technical and functional problems (ie, telephone number, private message, and
email).

(2) Clinical contact data: medical team, pharmacist, transplant coordinator, patient appointment center, etc.

Help

Information about the developers, aim of the tool, and team in charge.About

All the legal requirements already accepted should always be available for consultation.Terms of Use and Privacy
Policy

Table 5. mHeart professional profile modules, components, and clinical use.

Component and clinical useProvider Module

List of active patient filters to organize the list and perform a rapid search.Patient View

(1) The center identification number is used to download patient data from the hospital information system.

(2) The patient receives a private message with login credentials.

(3) Providers individualize the patient-reported outcome measures, schedule, and the treatment plan and recommendations
for each new patient.

Patient Registration

(1) Pharmacological treatment is prescribed from a drop-down list of drugs updated from the Spanish National Formu-
lary. Tailored recommendations can be added (eg, “Antirejection treatment. It is recommended that you take this on an
empty stomach”).

(2) Nonpharmacological therapies can be prescribed in free-form data entry by the multidisciplinary team (eg, nonsalty
diet).

Treatment Prescription

All data recorded in the Patient-Centered module can be tracked graphically in tables and diagrams. Timeframe filters
can be used.

mHeart platform features designed to follow medication adherence are adherence test results and drug intake registrations:

(1) A traffic light system of alerts indicating a decrease in the patient’s weekly adherence. List of patients can be sorted
by adherence rate to prioritize interventions.

(2) Adherence rates are presented graphically and through tables (for each drug and for the overall treatment).

Patient-Centered Data Con-
sultation

(1) Individual patient-provider chat.

(2) Group messaging. Filters are available. Large-scale interventions can be scheduled (eg, preventive health promotions)
for specific time periods.

(3) Teleconsultation patient(s)-provider(s) for individual or group visit.

(4) Teleconference for interdisciplinary communication and shared decision-making between providers.

Communication Aids
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Stage 3: Prototype Interoperability and
Implementation
Diverse solutions to address implementation were settled by
the scientific advisory team. First, mHeart was set up to be
compatible with different systems and apps to ensure that users
could employ their own phones, computers, or tablets. Second,
technical support was outsourced (by the technological
development firm) to provide initial training on mHeart skills
to patients and providers as well as to solve queries. Finally,
institutional protocols were created to standardize the new
clinical workflows.

Additionally, based on participants’ expertise (n=2, 100%), the
pathways to overcome the lack of integration and
communication between mHeart and electronic health records
were separated into local and institutional solutions. Regarding
local solutions, the strategies embedded allowed for two-way
data exchange between mHeart and the hospital information
system. First, the mHeart system requests sociodemographic
patient data from the hospital information system. Data can
refer to a new patient or an update on the patient’s data. This is
achieved via a synchronous high level-7 message patient query
through the Simple Object Access Protocol. Second, once a
week, a data report containing all of the mHeart patient-reported

outcome measures is uploaded to the hospital information
system. This is achieved via an implicit File Transfer Protocol
over the Transport Layer Security server. A security process
identifies the report and assigns it to the patient in the hospital
information system. Only the latest report can be consulted as
a clinical document. More details are also provided in the online
dataset [88].

According to institutional solutions identified, the patient’s data
report could also be integrated with the regional electronic
clinical record. With this report, any provider in the catchment
area can monitor patients from any care level (eg, primary care,
hospital care). In addition, in 2017, the regional health care
system approved mHeart to be integrated with La Meva Salut,
which is a patient health website allowing citizens to interact
with the regional health care system.

Stage 4: Quality, Security, and Legal Requirements
Based on expert feedback, workable solutions were identified
(listed in Textbox 3) to ensure legal, security, and data
protection; medical technology intellectual property; medical
device regulations; and quality evaluation. The solutions
embedded could be used by other developers as a checklist to
ensure minimum standards but are not limited to these solutions.
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Textbox 3. Workable solutions to ensure the quality and security of the eHealth platform.

Processing personal data with confidentiality and security

• Comply with the national regulations on high-level confidential personal data.

• Obtain support from the hospital’s Department of Data Confidentiality and Data Analysis.

• Ensure the quality of the Data Center through certification.

• Use secure connections for data integration between systems.

• Perform an annual audit of confidentiality and security by an external firm.

• Ensure users’ duties: (1) patients should sign a nondisclosure agreement; (2) passwords require updating every 6 months; (3) acceptance of
mHeart’s conditions of use is a prerequisite and should always be available for future consultation by users.

Intellectual and industrial property recommendations

• Obtain support from experts on medical technology intellectual and industrial property.

• Sign a collaboration contract between the hospital and the developer’s private firm.

• Register the platform trademark (eg, “mHeart”).

• Register the platform content on intellectual property registers.

Medical device certificate

• Adopt the legislation requirements on medical device regulations [74,97]. CE marking as a class IIa medical device was obtained for mHeart.

Certification granted by a local institution

• Certificate of app quality by local institutions. AppSaludable [98] is already adopted for mHeart. AppSalut [99] is in the process of adoption by
Fundació TicSalut (Regional Health Department). Some other options are British [100,101], iSYS Score [102], and uMARS [103,104].

Content quality

• Obtain institutional endorsement by scientific societies related to the population field. Written support for mHeart was provided by:

• The regional transplant organization (OCATT) (October 31, 2016).

• The regional transplant society (SCT) (October 10, 2017).

• La Meva Salut homologation approval by the regional Health Government (October 20, 2016).

• Obtain written endorsement from patient associations and support groups. Written support for mHeart was provided by:

• “Club de la Cremallera” Clinic Hospital (November 3, 2016).

• “Cors Nous” Bellvitge Hospital (November 3, 2016).

Discussion

Principal Findings
The steps and key literature outlined in this paper resulted in
the implementation of a holistic internet- and theory-based
intervention model for the heart transplant population in the
outpatient setting. After design of the mHeart system, several
time-consuming issues remained to be resolved, such as
interoperability, implementation, security, and quality.
Moreover, the involvement of the interdisciplinary team,

patients, and several experts was essential for the success of the
platform but also required complex interactions.

Scalable, interactive apps directed to improve clinical practice
are costly and time-consuming to produce [43]. We found
several potential barriers when implementing the internet-based
program in multimorbid patients, which are well known to lead
to “dead ends” in real-world clinical practice [36,39,77]. Based
on the experience gathered, the key points deemed essential in
conceiving a new behavioral interventional model are outlined
in Textbox 4. These recommendations could be used by future
developers as a checklist to ensure minimum standards.
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Textbox 4. Key recommendations for successful implementation of new eHealth strategies for new developers.

1. Avoid new developments from scratch. Tools that are already established and tested are an efficient starting point. This will help to allocate the
economic resources on new features, facilitating the meeting of deadlines and achieving the expected quality of the system.

2. Before choosing the development company, determine that (i) it is a solvent and solid firm, (ii) its compliance with national standards of quality
and safety, (iii) it has previous experience of clinically tested health care systems, (iv) it has favorable opinions of previous developers, and (v)
it provides an excellent user help center.

3. Allocate resources to having expert advice on (i) legal, security, and data protection; (ii) medical technology intellectual property; and (iii) medical
device regulations and quality evaluation.

4. Assign a provider as a part-time coordinator to facilitate procedures and deadlines, and to liaise with third parties. The recommended skills of
the coordinator are a proactive approach; holistic vision; experience of research and innovative projects; ability to work in a team; and to have
training in a specialty, medication management, behavioral change theories, and patient engagement.

5. First, design a general system structure and later adapt it to the target population needs. This will help to ensure end-user engagement while
compensating for the implementation burden and ensuring the scalability of the model.

6. Base the design of the interventional model on already demonstrated major determinants of the efficacy of interventions and patient engagement:
(i) proactive and trained multidisciplinary teams, (ii) active interaction with end users, (iii) behavioral change theories, and (iv) tailored interventions
based on relevant patient-reported outcome measures.

7. Include in the design stage: (i) an analysis of end users’ expectations, fears, and barriers; (ii) expert opinions on the interoperability of the system;
and (iii) a plan for sustainability and reimbursement according to the interests of the center or health institution.

8. Join forces with patient associations and scientific societies during the design and testing stages to ensure content quality and scalability among
centers.

9. Evaluate whether new features that may arise in the testing are (i) incorporated in the prototype (only recommended if they affect the usability
and quality of the system), or (ii) addressed in subsequent phases of improvements.

10. Once the final prototype is established, resources should be allocated to provide continuous updates based on users’ needs and feedback. This
will ensure the system’s usability, quality, and persistence over time.

Barriers and Facilitators to Implementing the mHeart
mHealth Approach
Consideration of the issues to overcome during the
implementation of mHeart could shorten the time period to
reach the desired quality standards. Thus, it is critical for any
new development to be based on an in-depth analysis of feasible
solutions to overcome limitations. The first potential barrier to
implementing an mHealth solution according to the opinion of
58% of the stakeholders was the increase in clinicians workload.
However, in line with previous studies [36,45,105], the burden
experienced during mHeart implementation was mainly derived
from several other reasons such as achieving a well-designed
theory-based framework of the intervention model, ensuring
legal and security requirements, involving the health care team
in training and workflow, and, ultimately, several organizational
barriers. These tasks were highly demanding of time, and
therefore it is strongly recommended that future developers
perform an initial roadmap based on successful previous
experiences. Moreover, an initial agreement with all of the
parties involved on the stages and their responsibilities is also
critical to reduce burden.

The second most widely agreed barrier, by 50% of respondents,
was lack of interoperability, which has also been identified by
other authors [33,39,77] as a major risk factor for unsuccessful
eHealth approaches becoming isolated from the health care
system. This challenge was technically demanding, but entails
improvements in safety and quality. Indeed, mHeart testing of
interoperability revealed that transcription errors could be
avoided, the time spent typing patient data decreased, and better
coordination among providers could be achieved.

Other well-established major barriers of eHealth strategies in
clinical practice [72], and in line with respondents’ opinions,
were the lack of models for funding (15%) and reimbursement
for mHealth services by health systems (54%). Although local
guidance is fortunately growing [39,106], there is a delay in the
implementation of new telemedicine laws [51]. This causes
uncertainty about minimum quality standards and hinders
scalability because of a lack of reimbursement models
[38,73,107]. The initial mHeart funding was based on grants
and has been detailed in the online dataset [88] to increase
transparency and inspire new developers to overcome this
barrier.

The risk of patient’sresistance to using technology or the digital
divide was also a potential barrier according to 23% of the
stakeholders, and is in agreement with a previous finding in
multimorbid patients [33]. Nevertheless, almost all of the
recipients in this study owned a cell phone and agreed on the
utility of mHealth approaches such as mHeart. Thus, these data
reinforce the idea of access, widespread use, and acceptance of
technology in the heart transplant population, as previously
observed in transplant recipients [86,108]. Nevertheless, high
levels of attrition are a real issue in eHealth programs [62].
Thus, a persuasive design focused on enhancing user adherence
is highly recommended [69,109,110]. Moreover, patients’
opinions should also be carefully considered, with special
emphasis on identifying potential barriers. In the mHeart
interviews, up to 47% of recipients were interested in using a
complementary website and 22% reported the need for a tutor
to use the tool. Thus, a patient profile website was provided,
and a help center was hired to provide human assistance and
initial training to users; according to other authors [62], this
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strategy has potential to increase user engagement without
increasing provider burden.

Benefits of the mHeart Strategy in Multimorbid and
Polypharmacy Populations Such As Heart Transplant
Recipients
The information gathered from the opinions of patients and
stakeholders allowed us to establish the aims of the mHeart
clinical practice improvement model. Thus, the theoretical gains
of mHealth described in the literature were translated into
real-world strengths and the key software features were designed
to achieve them. First, the improvement in medication safety
and efficacy achieved the highest agreement by the stakeholders
surveyed (88%), which supports previous studies [111-113]
highlighting safety and efficacy as a major determinant in health
outcomes. Thus, the main feature of mHeart was to provide
pharmaceutical care, with particular emphasis on reducing the
impact observed [10,24] of nonadherence to
immunosuppressants after transplant. To succeed, the mHeart
design combined multilevel strategies inspired by previous
successful experiences [38,114,115], including educational,
motivational, and tailored internet theory–based interventions
to be delivered by a proactive team [12,25,41].

The two main strengths of the mHealth approach were improving
continuity of care and information flow (81%) and solving
patient and caregiver queries (77%). Indeed, based on the
opinions of patient association representatives and in line with
the findings of other authors [33,111], chronic patients are
seeking more communication opportunities and better
coordination among providers. In this sense, mHealth programs
represent a unique opportunity to combine human support and
new digital skills to reach a therapeutic alliance with the patient
[109,110]. Software functions to promote patient-professional
interaction [62,69] are therefore essential in a patient-centered
model such as mHeart targeting the outpatient population.

Other relevant gains of mHealth reported by stakeholders were
enhancing patient’s self-management (77%), early detection of
symptoms or adverse effects (65%), and the use of
patient-reported outcomes to allow preventive strategies (65%).
Indeed, the current scenario, in which patients are demanding
coresponsibility [63], provides a strong opportunity to engage
patients in electronically recorded patient-reported outcomes
but also to train them in how to detect alarm symptoms and how
to act when they arise. The use of patient-reported outcomes
has previously shown an impact on medication efficacy and
safety [36], patients’ quality of life, and even survival [40].
Thus, it is expected that preventive internet-based interventions
based on patient-reported outcomes will be a determinant to
improve outcomes in outpatient care in the near future.

Opportunities Derived From Implementation of the
mHeart Model
Successful eHealth interventions are commonly directed to
specific population needs, such as mHeart in the heart transplant
population [45,116]. This was indeed a particular strength
highlighted by the patient associations during the testing of
mHeart. Nevertheless, according to the ISRII experts, public
dissemination of internet programs in different contexts is also

highly valued [43]. Indeed, adapting the structure of the mHeart
system to other population needs in the same health institution
was an aid for recuperating the initial cost and implementation
burden. Likewise, other institutions could profit from an already
established clinically tested software as a starting point to avoid
the burden of developing systems from scratch. An example is
how the mHealthCare System, designed as a basis to develop
mHeart, has been scaled to different populations by other health
care centers (ie, MedPlan+, e-OncoSalud, ePrematur, Entrena
EII, Gerar, RC Rehabilitación Cardiaca, and ICOnnecta, among
others). Thus, any new upgrade on these apps improves the
basis of the software and benefits several institutions.

The implementation of behavioral change technology models
targeting complex populations demands a multidisciplinary
approach to obtain the strategy benefit [37,51,115]. Operating
this process was a highly demanding task, requiring managerial
and coordinator profiles with certain skills. The leadership of
mHeart implementation by a clinical pharmacist provided a
strong opportunity to expand this role into the cardiology team,
while making this provider visible to patients, families, and
institutions. Likewise, eHealth has resulted in a valuable
opportunity to expand the benefits of patient counseling and
therapeutic drug monitoring by a multidisciplinary team in
health care systems [37,117].

To scale any intervention model into research studies, and in
line with the ISRII [43] and the CONSORT-EHEALTH
reporting guidelines [47], it is vital to include an in-depth
description of the strategy design. Thus, the theoretical
framework, mode of delivery, and components of the
intervention have been detailed for mHeart. Thereby, a
behavioral-based design was used given the potential for
providing a better understanding of how the intervention works
on patient behaviors [118]. This has in turn been shown to
increase efficacy, comparability, and scalability of the
interventions performed [43,47]. Based on this background, a
pilot study was performed to validate the mHeart tool to improve
medication adherence in heart transplant patients. This
exploratory study showed that the multilevel behavioral change
intervention established (ie, the mHeart strategy) was highly
effective since the improvement in adherence to
immunosuppressive medication was 30%. Moreover, patient
overall satisfaction with the mHeart approach was 9 (on a scale
of 0-10) and the mHeart approach demonstrated its potential to
overcome the limitations of traditional on-site methods [119].
Based on this experience and in line with other authors
[25,70,120,121], it is highly recommended for future studies
inspired on the mHeart model to count on providers properly
trained in behavioral skills (eg, motivational interviewing) to
deliver such theory-based interventions.

Limitations
This study has some limitations. First, we did not address the
efficacy and sustainability of the mHeart approach over time,
since the focus of the study was on the model implementation
and scalability phases. Therefore, clinical applications of the
mHeart strategy will provide information on the impact of its
features on health outcomes. In future research conducted with
this model, details should be provided by health providers on
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when and under what conditions interventions will be delivered
[54]. Second, based on ISRII recommendations [43], the validity
of the electronic versions of the questionnaires used to measure
diverse health domains in the mHeart system should also be
evaluated before scaling up for larger research. The mHeart
electronic questionnaires used to measure medication adherence
have been validated and were proven to be as effective as the
traditional on-site method in identifying nonadherent recipients
in a pilot study [119]. This finding supports their widespread
application in larger research and clinical practice. Third,
in-depth analysis of the external validation was needed. In this
regard, and to support the quality content of the mHeart
platform, we obtained external feedback from patients’
representatives of support groups from other centers and
institutional endorsement by scientific societies related to the
population field. Moreover, the mHeart validation study was
also performed to compare the electronic mHeart approach
versus the traditional (in-clinic) method to detect nonadherent

heart transplant recipients and to improve medication adherence
rates [119].

Conclusions
The experience gained during mHeart implementation has
identified the facilitators and key strategies needed for success
in new holistic theory–based internet models. It is recommended
that future developers direct efforts to verify the experience of
the technical team; ensure data confidentiality; and overcome
workload, the digital divide, and interoperability. Heart
transplant recipients’ access to technology and willingness to
use an mHealth approach were confirmed. An interdisciplinary
team and a patient-centered design were vital to achieving a
comprehensive mHealth approach directed to improve therapy
management, patient empowerment, and patient-provider
interactions. The mHeart model will be widely applicable in
distinct clinical contexts, and may inspire other health providers
to create innovative ways to deal with therapeutic complexity
and multimorbidity in complex populations.
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Multimedia Appendix 1
Behavior change techniques designed to improve patients’ medication and lifestyle habits, adapted to be delivered using the
mHeart platform in interventional studies.
[PDF File (Adobe PDF File), 36 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Questionnaires and surveys designed to asses participants' data.
[PDF File (Adobe PDF File), 71 KB-Multimedia Appendix 2]
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Multimedia Appendix 3
Main areas for improvement in mHeart prototype 1 as a result of user feedback during alpha testing.
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