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Abstract

Background: In the face of the Covid-19 pandemic and the need for social distancing new therapeutic tools like mobile health
applications might gain in importance for outpatient care. Objective of the present study was to assess if and to what extent
the implementation of a free available transplant application in a cohort of liver transplant recipients was possible.

Methods: Patients of the aftercare program at the Department of Transplant Surgery Graz in June 2016 were first asked to
complete a survey concerning knowledge about mobile health and their management of everyday life. After using the appli-
cation for 2 months a second survey evaluated whether the implementation of the application in the daily routine was
achievable.

Results: Among 135 patients, 124 (91.9%) agreed to participate. Seventy-one (57.3%) owned a mobile device with which
they could use the application, 42 patients (33.8%) decided to try it out for 2 months. The majority stated that the application
supported them for therapy management and surveillance of vital parameters. Successful implementation of the application
has been reached in 57.1% of patients after 2 months testing period.

Conclusion: The technical prerequisites are only partially met and should be improved. Older patients need extensive support
and motivation.
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Introduction
The global pandemic of severe acute respiratory coronavirus
2 (SARS-CoV-2) caused new challenges for health care
systems. There was an uncompromising priorization of
resources towards critically ill patients with Covid-19 infec-
tion. However, treatment was restricted for all other patient
cohorts but emergencies. Additionally, social distancing
including suspension of outpatient care units for elective
check-ups was recommended. As patients after liver trans-
plantation (LT) require regular surveillance and care, the
use of alternative and secure means available at home
gains more importance. The possibility of implementation
of mobile Health (mHealth) tools in our valuable patient
cohort is necessary and should be evaluated in order not to
jeopardize the quality of the good long-term results.

The use of mobile technology is already an integral part
of our daily life gaining more and more importance. The
rising impact and future potential is best expressed by the
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fact that in 2014, for the first time ever, the access and use of
the internet was rather performed through mobile devices
than desktop computers.1 The green paper on mHealth
(2012–2020) introduced by the European Union (EU) high-
lights the potential of mHealth services and discusses their
advantages in maintaining and evaluating health. The EU
estimated that healthcare applications (apps) in Europe
could save 99 billion Euros per year by enabling early diag-
nosis and promoting disease prevention.2,3 Already 40% of
the 300.000 currently available mobile apps worldwide
focus on health topics.4

One basic requirement for the successful implementation
of mHealth in the population is the increasing availability of
smartphones. In correlation with the global trend, the spread
of smartphones has also increased in Austria from 43% up
to 77% between 2013 and 2019.5 While the technical
framework for the useful implementation of mHealth
seems given in many parts of the world today, there is
still a lot to evaluate on the patient side until it will
finally establish itself as a reliable tool in the long-term
post-transplant management.6,7,8 In recent years, many
aspects at the patient and app development level have
been highlighted by surveys in order to find the optimal
basic requirements to make mHealth accessible, interesting
and as user-friendly as possible for long-term use.9

So far there have only been a few efforts to use mHealth
in transplanted patients. The feasibility, acceptability and
outcome of a prototype mHealth medication and blood
pressure self-management system for patients after renal
transplantation was evaluated by McGillicuddy et al.10 In
this randomized, controlled study the participation rate
was 75%. The results showed that patients who were rando-
mized to the mHealth intervention group gained significant
improvements in medication adherence compared to
patients in the standard care control group. Controverse
results were demonstrated in another randomized, con-
trolled study with the Adhere4U mobile medication
manager application in 138 patients after kidney transplant-
ation,11 who were randomized to a control group (n= 67)
and a mobile group (n= 71). Non-adherence to immuno-
suppressive therapy occurred in 65% of the mobile group
and 62.1% of the standard group. There was no difference
in the improvement of adherence to immunosuppressive
therapy in both groups. Remarkable was the low rate of
patient engagement with the app in the mobile group. The
app use was 47.6% at 28 days. Therefore, successful imple-
mentation is the first and most essential step on the way to
ensure effectivity and sustainability of a new therapeutic
tool.

Concerning the liver, a recently published study with
liver transplant candidates described successful exercise
training with the help of the self-created smartphone appli-
cation EL-FIT (Exercise and Liver FITness).12 The results
showed an increase of 35% in the physical performance
of participants and therefore this smartphone app might

become a precious tool for home-based preoperative train-
ing of liver transplant candidates.

Data about mHealth in adult patients after LT are still
scarce. However, the rate of non-adherence in these patients
is high and reducing it has the potential for improved
medium and long-term results after organ transplantation.13

Therefore, objective of the present study was to assess if
and to what extent the implementation of a free available
transplant app in a cohort of patients after LT was possible.
In addition, information on drug management after LT,
organization of monitoring of vital functions, knowledge
of mHealth, experience with mHealth and assessments of
the transplant app and factors, which had an influence on
the use of the app were evaluated.

Methods

Study design and setting

The aim of this single-centre cohort study was to evaluate
the implementation of a free available transplant app to
support follow-up care in liver transplant patients. In the
context of our study, implementation was defined as a
process to promote behaviour change in terms of the
regular (daily) use of a mhealth tool.14 The success of this
process was measured by the statement of our patients,
whether they used the app in their everyday life or not.
Patients who agreed to participate filled out a questionnaire
with general questions about their knowledge about
mHealth, but also about their management of everyday
life as a transplant patient. Then the app and its features
were explained in detail to every patient and they were
asked to use it for 2 months, the time which is necessary
to form a habit in everyday life.15 This was followed by a
second survey to evaluate the experiences and opinions
on the app and whether implementation of the app in the
daily routine was possible.

Participants

Patients after LT who were in the aftercare program at the
Department of Transplant Surgery of the Medical
University of Graz, Austria in June 2016, were asked to par-
ticipate in the study (June 2016 to June 2017). Approval
was given by the local ethical committee (protocol
number: 26–534 ex 13/14). All persons gave their informed
consent prior to their inclusion in the study.

Transplant App

The transplant app is a health app making it easier to collect,
manage and monitor health information. It can be down-
loaded for free from the app store. The transplant app com-
bined features of medication tracking apps and apps for
maintaining a healthy lifestyle. In this function it
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encourages patients to stick to their therapeutic regimens by
tracking their doses and time intervals. Furthermore, it helps
to educate patients for a healthy and well-being lifestyle fol-
lowing transplantation. The goals of the app are to support
patients with medication management and to provide
helpful and vital information. Users of the app can easily
generate relevant health data themselves at any time, and
make them available to their doctor if necessary. The app
includes lists of relevant drugs, a medication/dose converter
(e.g. switching from Prograf to Advagraf), a doctor visits –
alert and infection alerts – via Google Alert. There is infor-
mation on the complete follow-up care, which answers
questions about the immune system as well as very practical
questions, for example about infections, sexuality,
smoking, alcohol, diet, travel, vaccinations and skin
cancer screening. Information about sports and nutrition is
available. Important addresses, for example, social institu-
tions, self-help groups are deposited. Furthermore, a
patient diary (for blood pressure & pulse, body temperature
weight, fluid intake and discharge, results of prescribed
self-controls, e.g. sugar levels) is part of the app and
enables a precise observation and documentation of the
condition of one’s own body. Finally a question check
before the doctor’s visit can be performed.

Questionnaires

The two questionnaires (added as supplements) were
created at the Department of Transplant Surgery of the
Medical University Graz, Austria. The surveys consisted
of questions that were easy to understand, pragmatic,
concise and without double negation or hypothetical conno-
tations. The questionnaires contained both, open and closed
questions. Pre-testing was conducted in a neutral test group
of the same age to gain data on the duration of completion,
feedback on comprehensibility and plausibility.16 In order
to achieve test quality, objectivity and reliability were con-
sidered. To check objectivity, 12 neutral persons fulfilled
the survey. To raise reliability the first survey was repeated
in 12 patients after 2 weeks. The results of the first and
second measurement were correlated. In the test-retest pro-
cedure, it is checked whether a repetition of the measure-
ment delivers the same measured values while the
property to be measured remains constant. The retest reli-
ability indicates the degree of agreement. The reliability
coefficient for the first questionnaire was 0.96. The reliabil-
ity coefficient for the second questionnaire was collected in
the same way as for the first and was 0.94.

The first survey consisted of 10 closed and 5 open (in
total 15) questions. The first part of it was intended to
provide an overview of the patient’s level of knowledge
with regard to mHealth and health apps and to evaluate
how many liver transplant recipients would have the oppor-
tunity to use an app. In the further part of the questionnaire,
methods of the patients to manage medication intake are

queried, and how the adherence is assessed and the moni-
toring of vital parameters is handled. Following these ques-
tions, the transplant app was demonstrated and explained to
the patient. The aim of the last questions was to find out
how the patient thought the app could help him (e.g. for
medication intake, for observation of vital parameter, to
gain useful information). This should clarify the question
of possible advantages and expectations. The second
survey was performed 2 months after the use of the app,
consisted of 14 questions (10 closed and 4 open ones)
and aimed to find out the usability of the specific transplant
application. The majority of the remaining questions evalu-
ated the patient’s satisfaction with the application and to
what extent they thought that the application could
support them in taking medication regularly and to what
extent they could obtain useful information. Patients were
asked whether they will continue to use the transplant appli-
cation and whether they would recommend it to other trans-
planted patients. Furthermore, concerns about data protection
were queried. Both questionnaires were fulfilled together
with the patients in an interview during a routine outpatient
appointment.

Variables

Variables of the first questionnaire comprise habits and
knowledge of cell phones and apps, management of medi-
cation intake and the management of changes of vital para-
meters. The second questionnaire primarily evaluates the
frequency of use of the transplant app, extent of use of
the transplant app, on-time medication intake and patient
satisfaction. Furthermore, age, gender, indication for LT,
time-point after LT and level of education were
investigated.

Data management and statistical methods

The variables are collected by interviewing the patients and
then evaluating the questionnaire. The data are entered in an
excel table and displayed with descriptive statistics.

Results

Participants

Among 135 liver transplant recipients who were in the out-
patient care of our Department at this time point, 124
(91.9%; male 74.1%) agreed to participate (the flow
diagram is displayed in Figure 1). The mean age of the
liver transplant patients was 63.2 years old (19–76 years),
the mean time after LT was 6.5 years (3 months to 21.3
years). Indications for LT are hepatitis (20.8%), alcoholic
liver disease (38.6%), hepatocellular carcinoma (25.2%)
and others (15.4%). Those patients who declined participa-
tion (8.1%) were older compared to those who participated
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(mean age 66.5 years and 60.1 years, respectively).
Regarding to gender, education and indication for trans-
plantation no significant differences were found between
patients who participated and who did not.

First questionnaire

The first questionnaire was completed by 124 patients. The reli-
ability coefficient for the first survey was 0.96. Concerning
basic requirements and knowledge about mobile apps
the following results were found. Seventy-one patients
(57.3%) owned a mobile device with which they could
use the app. Although 90 patients (72.6%) maintained
to know what an app was, only 18 (14.5%) had used a
health care app before. Patients’ age who had already
used health apps was significantly lower than the mean
age of the study cohort (53.5 years and 63.2 years,

respectively). Regarding medication adherence, 80 patients
(64.5%) explained that they think automatically about
their medication intake and do not need any remainder.
Among those needing reminders, 20 (45.5%) set an
alarm clock, 14 (31.8%) were reminded by their spouse
and only 10 (22.7%) used the alarm function of their cell
phone. Patients who were reminded by their spouse were
significantly older than those, using their electronic device
(63.8 years and 53.6 years, respectively). While 88 patients
(71%) stated that they would never forget the immunosup-
pressive medication, 36 (29%) admitted that in rare occa-
sions they forget to take it. Recording of vital parameters
was an important feature for 48 patients (38.7%). While
121 stated that they immediately recognize changes of their
health status by themselves, only a few patients relied on
their relatives or the routinely performed medical follow-ups
(97.6% and 2.4%, respectively). Concerning questions about

Figure 1. Flow of patients through the study.
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the usability of the app, more than half of the patients stated
that this app could be helpful for the management of medica-
tion intake (54.8%) and surveillance of vital parameters
(56.5%). The majority of patients (86.3%) expected to gain
helpful information about the challenges of daily life after
solid organ transplantation by using the app. After full evalu-
ation and explanation of the app, 42 patients (33.8%) had the
technical framework and wanted to try out the app for 2
months. The mean age of these patients was 55.4 years,
which is significantly below the average age of the entire
group. All results of questionnaire 1 are displayed in
Tables 1 and 2.

Second questionnaire

After using the transplant app for 2 months, all 42 patients
completed the second questionnaire. The reliability coeffi-
cient for the second survey was 0.94. Regarding applicabil-
ity, usability and patient satisfaction the following data
resulted. Almost half of the patients (47.6%) fully used
the app, 17 patients (40.5%) used it partially and only 5
patients (11.9%) did not use the app at all. Out of those
who used the app on a regular basis, 61.9% stated that
they used three to five different features, 23.8% used
more than five features and only 16.7% used just one
tool. Particular importance was given to the functions

information, reminder, medication management and
service apps. The majority of the patients (66.7%) stated
that the app supported them sufficiently for the therapy
management and the surveillance of vital parameters.
Successful implementation of the app and the intention to
continue using the app every day was achieved in 57.1%
of patients who tried it for 2 months. Also 69% would rec-
ommend this app to other transplant patients. Referring to
personal data protection 59.5% (25 patients) were con-
cerned about this, 17 patients (40.5%) had no concerns.
The whole results of questionnaire 2 are shown in Tables
3 and 4.

Level of education

Our results showed that of the 124 patients who participated
in the study, the distribution of graduation was as follows:
elementary school (14.5%), secondary school (72.6%), high
school graduation (10.5%) and university (2.4%).
Concerning the educational level of the patients who tried
the app for 2 months, none had only the graduation of elem-
entary school, 34 patients (27.4%) had graduated at a sec-
ondary school, 7 patients (5.6%) had a high school
graduation and only 1 patient (0.8%) showed a university
graduation (Table 5). Of the total of three patients with a
university degree, only one wanted to use the transplant
app. However, these three patients are among the oldest
in this group.

Discussion

Key-results

The present study reflects a realistic picture of the feasibility
to implement mHealth in patients after LT. Seventy-one
patients of our liver recipient cohort (57.3%) owned a
mobile device with which they could use an app.
Forty-two patients (33.8%) had the technical framework
and were motivated to try out the app for 2 months. The
mean age of this group was well below the average age
of the entire group. Patients who denied to participate
stated that they did not have a suitable mobile phone or
iPad or that they were not familiar with them and with the

Table 1. Results of survey 1, yes/no questions.

Number of
question Yes No Remarks

1 57.3% 42.7%

2 50.0% 50.0% Used 1 or more than 1
feature

3 72.6% 27.4%

4 14.5% 85.5%

5 41.1% 58.9%

8 38.7% 61.3%

10 24.2% 75.8%

11 54.8% 45.2%

12 65.5% 34.5%

13 54.0% 46.0%

14 86.3% 13.7%

15 33,8% 66,2%

Table 2. Results of survey 1, multiple answers.

Number of
question

Answer
1

Answer
2

Answer
3

Answer
4

6 16.1% 64.5% 11.3% 8.1%

7 71% 29% 0 0

9 97.6% 0.8% 1.6%
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use of health apps. However, 91.9% of our patients were
interested in the subject. More than half of the patients
assumed that this app could be helpful for the management
of medication intake and surveillance of vital parameters
and confirmed that after using the app. The majority of
patients claimed to gain helpful information about the chal-
lenges of daily life after solid organ transplantation by using
the app. In summary, the interest in mHealth among liver
transplant recipients is high and there are chances for
support in aftercare. However, the technical prerequisites
are only partially met and should be significantly improved,
for example by providing suitable devices. Particularly,
older patients should receive extensive training, support
in the initial phase and special motivation for the long term.

Influencing factors for implementation

A relevant factor might be the age of the patients. It was
found that younger patients tend to have better access to

mHealth and are more willing to deal with it than older
patients. This is also reflected in a study of adolescent trans-
plant patients17 which evaluated a mHealth app to improve
adherence. Additionally, a lot is done to make cell phones
and smartphones more usable for older people. Another
important factor for the implementation might be the dur-
ation of the trial period with the app. For younger patients,
it was no problem to familiarize themselves with the app in
a relatively short period of time. Older patients took longer
to get to know their way around and used fewer functions of
the app compared to younger patients. Perhaps a longer trial
period for the app could increase the level of implementa-
tion and, under certain circumstances, repeated training
on the app would be helpful for many patients, especially
older people. The level of education does not seem to
have any impact on the use of the app.

Distribution of the information about the app

As part of the first survey, it was evaluated how extensive
the patients’ knowledge about health apps is. It was
shown that 72.6% of our liver transplant cohort know
what an app is, but only 14.5% have used a health app so
far. So far, 41.1% of our patients had heard of the transplant
app – they were below average in terms of age. Placing
information brochures in the appropriate places could cer-
tainly be a good approach to bring patients closer to such
an option. Targeted information events and training
courses might also be helpful.

Support with long-term management of therapy and
health status

In order to get an overview of how patients have managed
their therapy, corresponding questions have been included
in the surveys. The older the patients are, the more likely
they are to have comorbidities or to have limited ability
to take care of their medication themselves. Here the part-
ners often help out accordingly. In contrast, it was found

Table 3. Results of survey 2, yes/no questions.

Number of
question Yes No Remarks

1 57.1% 42.9%

3 66.7% 33.3%

4 28.6% 71.4%

5 50.0% 50.0%

6 71.4% 28.6%

8 57.1% 42.9%

9 52.4% 47.6%

10 69.0% 31.0%

11 59.5% 40.5%

12 52.4% 47.6%

13 52.4% 47.6% Used 1 or more than 1
feature

14 52.4% 47.6%

Table 4. Results of survey 2, multiple answers.

Number of question Answer 1 Answer 2 Answer 3

2 47.6% 40.5% 11.9%

7 14.7% 61.9% 23.4%

Table 5. Level of graduation of all patients and of those who used
the app.

Level of
graduation

Patients in
general

Patients who used the
app

Elementary
school

18 (14.5%) 0

Secondary school 90 (72.6%) 34 (27.4%)

High School 13 (10.5%) 7 (5.6%)

University 3 (2.4%) 1 (0.8%)
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that younger patients already have a different access to
information and communication technologies and have
already partially implemented them for themselves. In con-
nection with taking medication, adherence was also
queried. In the literature, the results concerning improve-
ment of adherence of transplant recipients using mHealth
are controversy.18–22 In the present study, adherence was
queried asking how often it happens that patients forget to
take immunosuppression. Possible answers were ‘never,
rarely, regularly, often’. The result of this question was sur-
prising because only the answer options ‘never’ and
‘seldom’ were chosen, but not a single patient ticked ‘regu-
larly’ or ‘often’. This does not agree with recent studies,23,
24 in which it was stated that 20–50% of transplant patients
regularly forget their medication. Maybe the possible
answers to the adherence question were not formulated
clearly enough or that terms such as regular, often or
seldom should have been more precisely defined. On the
other hand, our particularly patient-oriented and personal
care of liver transplant patients could be reflected in the
high adherence rate. In addition, the patients showed no
abnormalities in their checks of immunosuppressive levels.

So far, mhealth tools have been used rather cautiously in
transplanted patients, whereas good successes in long-term
management have been shown in non-transplanted patients.
For example, it was shown that patients with type 2 diabetes
and a higher app engagement had a greater weight loss and
reduction of HbA1C.

25 Controverse data were demonstrated
concerning mhealth apps and cardiovascular disease risk
factors.26 Most of the studies of this review assessed the
relationship between user engagement and reduction in
weight, BMI, body fat percentage and waist circumference.
There were statistically different results between patients
with greater app user engagement and patients with lower
engagement. Thus, motivation of the patients to use
mhealth apps is crucial. mHealth is also used successfully
in gynaecology for the care of pregnant women or in ortho-
paedics to optimize physiotherapy.27,28 Furthermore, there
are some published study protocols that have good concepts
for the use of mhealth in different areas in the future.29,30,31

In order to evaluate the effectiveness of mHealth, future
research should focus on studies with longer follow-up
periods and randomized trials. The motivation of patients
for the use of mHealth tools will be an important concern.

Expectations of the patients to the app

More than half of the participating patients expect advan-
tages in using the app. They see support of therapy manage-
ment and in the possibility of receiving information. By
using the app the patients gain more personal responsibility.
Since the app also offers numerous information options
regarding lifestyle, patients are motivated to deal with it
and receive good tips on how to implement a healthy life-
style for transplant patients. This in turn promotes the

patient education, which is associated with improved drug
adherence.32

Limitations

A limitation of the study arose from the fact that patients
had to have their own smartphone and none could be pro-
vided. As a result, some patients could not participate
because they did not have a suitable mobile phone, although
they would have liked to. Another limitation concerns the
app: it is a valuable tool for monitoring and information
gain, but it has no feature to remember patients to their
medication intake and there is no direct connection to the
treating physicians. The further development of the app
with the addition of these features is the content of our
next project. The last limitation comprises the fact, that
the study was performed in the time before pandemic,
when lockdown, social distancing and virtual patient care
were unknown. In the meantime, many patients have had
to become familiar with virtual healthcare. However, the
patient collective for LT has remained the same and
should be supported according to their needs for the
better implementation of these concepts.

Conclusion
In the face of the COVID-19 pandemic, new remote care
options should be implemented, which could emerge as
an important and reliable tool for outpatient follow-up
and monitoring. Before we ask ourselves whether our trans-
plant patients will benefit from mHealth tools, we have to
question critically which circumstances lead to broad
acceptance and successful implementation. In addition,
we need to filter out the circumstances that motivate and
support our patients to use mHealth at all. However, we
should invest in innovative models of care like mHealth
as supportive tool for the follow-up care of liver transplant
patients. Future research should investigate how to achieve
higher levels of successful implementation and after that
evaluate the effects and costs of mHealth on the long-term
aftercare in liver transplant recipients.
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