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Abstract
Heart failure (HF) is one of the most complex chronic disorders with high prevalence, mainly due to the ageing population and
better treatment of underlying diseases. Prevalence will continue to rise and is estimated to reach 3% of the population inWestern
countries by 2025. It is the most important cause of hospitalisation in subjects aged 65 years or more, resulting in high costs and
major social impact. The current “one-size-fits-all” approach in the treatment of HF does not result in best outcome for all
patients. These facts are an imminent threat to good quality management of patients with HF. An unorthodox approach from a
new vision on care is required. We propose a novel predictive, preventive and personalised medicine approach where patients are
truly leading their management, supported by an easily accessible online application that takes advantage of artificial intelligence.
This strategy paper describes the needs in HF care, the needed paradigm shift and the elements that are required to achieve this
shift. Through the inspiring collaboration of clinical and high-tech partners from North-West Europe combining state of the art
HF care, artificial intelligence, serious gaming and patient coaching, a virtual doctor is being created. The results are expected to
advance and personalise self-care, where standard care tasks are performed by the patients themselves, in principle without
involvement of healthcare professionals, the latter being able to focus on complex conditions. This new vision on care will
significantly reduce costs per patient while improving outcomes to enable long-term sustainability of top-level HF care.

Keywords Heart failure .Artificial Intelligence .Predictivepreventivepersonalisedparticipatorymedicine . Individualisedpatient
profile . Patient engagement . Information and communications technology . Healthcare economy . Patient stratification .
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Introduction

Heart failure (HF) is one of the most prevalent, complex and
costly forms of cardiovascular disease [1]. In North-West
Europe HF affects 3.6 million people and is predicted to in-
crease to more than 5 million in 2025 [2]. Estimated costs vary
significantly between different studies but may be as high as
more than €10,000 per patient each year and life-time costs
from HF diagnosis to death of > €100,000 [3, 4]. Without
active participation of patients in their care processes, the bur-
den of HF on healthcare labour and costs is unsustainable.

Digital medicine offers an important contribution to solve
this socially urgent problem; however, existing eHealth solu-
tions are not integrated in the care processes and value chains.
Currently, HF eHealth products are stand-alone add-ons to stan-
dard treatment rather than supporting patients effectively with
their self-care. Next-generation solutions will take advantage of
artificial intelligence (AI) and gaming to provide interactive
educational and decision-making support mechanisms enabling
patients to engage in self-care. These solutions are expected to
reduce costs, improve quality of care and ensure access to
healthcare regardless of time, location and staff scarcity.

This strategic paper put forth by the Patient Self-care uSing
eHealth In chrONic Heart Failure (PASSION-HF) consortium
presents the evidence to support this paradigm shift in HF
care. Using digital therapeutics powered by AI (e.g. decision
support engine, interactive physician avatar interface, serious
gaming tools, self-learning feedback system, patient
coaching), the objective of PASSION-HF is to develop a vir-
tual ‘doctor at home’ system called Abby. Abby will be the
enabler to predictive, preventive and personalised medicine
(PPPM) or effective HF patient self-care according to HF-
guidelines, in consideration of comorbidities and ensuring
safe prescribing and management of medication.

Necessity for a paradigm shift in the care
of HF

HF prevalence

Driven by an ageing population, HF remains a growing pan-
demic estimated at almost 2% of the adult population [5, 6].
The prevalence of HF generally doubles for each decade of
life from < 1% for those aged under 40 to > 10% for those
aged over 75 [7]. Due to advances in medical treatment and
device therapy, HF incidence rates are decreasing whilst prev-
alence rates are increasing [6, 8].

HF hospitalisations and mortality

Due to worsening symptoms and the advanced age of HF
patients suffering severe comorbidities, HF is also associated
with high rates of hospital admissions and outpatient visits.
Between 1979 and 2004, the rates of HF hospitalisation in the
USA increased from 219 to nearly 400 per 100,000 HF pa-
tients [9]. The number of hospitalisations for HF in other
European countries like the Netherlands, Scotland and
Sweden reached its maximum in the 1990s [10]. In the UK,
5% of admissions from the emergency department to the hos-
pital have been linked to HF. Moreover, HF hospitalisation
rates have been predicted to increase by more than 50% over
the next two decades [7]. HF is one of the five most common
causes of death worldwide [11]. Significant improvements in
current healthcare must occur otherwise the burden of HF will
continue to rise exponentially [6]. If current trends continue, it
has been estimated that by the year 2030 more than 8 million
deaths will be attributed to HF [11].

Quality of life and satisfaction

The impact of HF is evident not only in rising numbers but
also in declining patient-reported quality of life [11]. Severe
symptoms, like dyspnoea or fatigue, and increasing accompa-
nying comorbidities have serious implications for health-
related quality of life (HRQoL). HRQoL refers to the impact
of an illness and its treatment on the ability to live a fulfilling
life from the patient’s perspective [12]. Self-rated health is an
important part of HRQoL that reflects physical and mental
wellbeing and is directly associated with the progression of
HF [12]. Patient satisfaction is another important aspect,
which is increasingly considered to be an indicator of HF
quality of care [13]. Of significance to those with HF, patient
satisfaction can be divided in three sections: overall level of
satisfaction with healthcare services, satisfaction with the
treatment and satisfaction with medication [14]. Patient satis-
faction has also been linked to cost-effectiveness. Studies have
found that HF patients who are more satisfied with their treat-
ment had fewer doctor and specialist appointments, reported
fewer complaints and had better adherence to therapy [14].

An important, still underrated aspect in this regard is the role
of family carers, who feel a responsibility to be available almost
around the clock and therefore give up social activities and even
work [15]. Emotional bonds make it difficult for carers to take a
step back and consider their personal health and quality of life.
In this way, HF not only affects patients but also their carers who
report severe physical and psychological effects [16].
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HF costs to society

HF costs are immense, meaning affordability is a problem
across various healthcare systems and countries in Europe
and around the world [17, 18]. The main driver being an
increase in chronic disease and multimorbidity due to an age-
ing population [19]. As a consequence, healthcare systems
face a new challenge; treating multimorbid patients, whilst
attempting to keep costs down [20, 21]. HF is not only the
fastest growing cardiovascular condition worldwide [7] but
also has the highest hospitalisation rates; hence, costs for HF
are among the highest for all chronic conditions [22].
Estimates suggest that HF results in 57 billion Euro in direct
care costs and 38 billion Euro in indirect costs globally [23]—
the equivalent to approximately 2% of total healthcare costs in
Europe and North America, over 60% of which are for inpa-
tient care [4]. Of significance, there have been alarming pro-
jections of total HF costs increasing by 127% between 2012
and 2030 [1]. The UK’s Centre for Economics and Business
Research concluded that the cost of cardiovascular disease in
Europe will rise from €100 billion to approximately €120
billion over the next 10 years [7]. Indirect costs of HF also
need to be considered, though less explored, as they contribute
extensively to the overall burden caused by HF [24]. For ex-
ample, in Poland, a substantial public finance burden of HF
was calculated at €871.9 million in 2012, which increased to
€945.3 million in 2015 [24].

Socioeconomic status strongly influences risk for HF and
overall mortality [11, 25]. HF disproportionally affects lower-
income, poorly educated patients who have less access to
healthcare. More educated patients with higher-income usual-
ly report lower morbidity from HF and other chronic diseases
such as diabetes or hypertension [26]. Of importance, socio-
economic deprivation has been shown to be a powerful inde-
pendent predictor of HF development and adverse outcomes
[11], with some HF studies associating lower socioeconomic
status with poorer survival [27, 28]. Last but not least, the
rapidly increasing problem of staff shortages, both for quali-
fied nurses and doctors, in North-West Europe (NWE) is an
additional cause for serious concern. Ultimately, the present
state of HF healthcare is not sustainable.

Current state of HF care—a HF case report

Mr. Johnson (78 years old), a patient with HF, lives with his wife
in the countryside. He was an independent farmer, but since his
heart attack 3 years ago, his physical functioning has declined.
His heart function is impaired, he suffers from atrial fibrillation,
decreased kidney function and has anaemia. Cognitively he is
good. The children are not able to help because they live at great
distance. The couple is affiliated with a GP practice several
villages away, which is not easy to get there as they do not drive
a car anymore and public transport is poor. The hospital is far

away in the city, and for clinical visits, they must travel by taxi
that is hardly affordable.

Mr. Johnson has many doubts about his disease. It is not
clear whether he gets the adequate medication and dosages.
His GP is overloaded and has difficulties helping him suffi-
ciently because of the complexity of the disease and his co-
morbidities. He was seen once quickly by the cardiologist at
the outpatient clinic for the required examinations. Mr.
Johnson was left with unanswered questions and inadequate
treatment. His exercise tolerance remained very limited and
sometimes he could not sleep because of breathlessness. His
GP was not able to improve his condition while waiting for
more than three months before a further appointment with the
cardiologist. His condition deteriorated significantly, and once
he developed breathlessness at rest he was admitted to the
hospital. Although some additional medication helped, he still
had limited mobility and many questions arose. An appoint-
ment with the HF nurse is due in 6 months; however, the
distance and the difficulty to consult closely with his care
providers make him and his wife anxious. What should he
do if the physical limitations increase again and he starts to
retain fluid? Is there a timely intervention? Who accompanies
him sufficiently in this?

This case report illustrates the fears and needs of HF pa-
tients and commonly the lack of healthcare services and sup-
port. Access to high quality care is restricted inmany countries
or regions. Actions taken to prevent excess costs are not only
insufficient, they act as disablers to care that is personalised,
predictive and preventive. In fairness, the needs of HF patients
are often significantly broader than outlined in this paragraph
and depicted in Fig. 1. Unless extensive and immediate ad-
vancements in healthcare take place, it is unlikely that the
needs of the HF patient will be met.

When healthcare remains in the status quo future healthcare
of patients with chronic diseases in general, and HF in partic-
ular, will be scarce [29]. Initiatives so far have not brought
sufficient solutions [30]. Current organisation of HF care is
not optimal and the capacity of health professionals is increas-
ingly limited, resulting in a lack of focused effort on the most
urgent cases. Furthermore, complexity arises as most HF pa-
tients suffer from a range of comorbidities. Any combination
of these complicates diagnosis, therapeutic decision-making
and can require identifying a different care regimen (e.g. drug
compliance, adverse reactions). Change is necessary; a more
personalised approach to HF care is warranted.

A new culture in healthcare—the paradigm
shift

Healthcare systems around the globe continue to accumulate a
number of persisting and even sharpening problems. A pessi-
mistic scenario considers epidemics of chronic non-
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communicable disease with severe economic consequences to
society. Additionally, although personalised treatment ap-
proaches receive more appreciation by patients and recogni-
tion by medical doctors, they lead to significantly increased
costs to healthcare as a whole. Consequently, there are, on the
one hand, rapidly growing subpopulations of chronically dis-
eased people and, on the other hand, an ever-increasing de-
mand for more personalised medical services.

Key characteristics of the new predictive, preventive
and personalised approach

Key characteristics of the new culture to be developed in
healthcare have been thoroughly analysed and are well pre-
sented in the book “Modern Hospital” released by Springer in
2019 [31]. The central concepts can be summarised as
follows:

& Predictive health versus currently applied reactive ‘disease
care’ approach

& Current unmet needs of patient cohorts to be considered in
a long-term manner via application of advanced
technologies

& Optimised healthcare economy via cost-effective medical
services

& New dimension of professional interests and tasks
& New scale of the knowledge-integration
& Highly motivated technological innovation
& Highly motivated cross-professional cooperation
& Active participation of patients in the healthcare

processes.

The paradigm shift from a delayed reactive type of medicine
to PPPM considers the conceptualised difference between ‘dis-
ease care’ (cost-ineffective reactive treatments of chronic
pathologies that contain a large portion of preventable events
such as a costly hospitalisation in acute cases) and ‘healthcare’
(i.e. targeted preventive measures aimed at maintaining health
capacity of individuals, even in the presence of chronic diseases
such as HF) approaches, including impacts on ethical and eco-
nomical aspects of medical services [46].What is recommended
to reach the goal of healthcare?

Individualised patient profiling is essential for patient strati-
fication, characterisation of individual predisposition and creation
of treatments tailored to the person [32]. Profiling comprises the
patient history in full detail including information about comor-
bidities, and aspects such as behavioural factors (e.g. nutrition,
patient preferences) and individual skills (e.g. technology related).

Multi-level diagnostics is a robust platform for PPPM strat-
egies which includes patient-specific questionnaires, medical
imaging, molecular biological characterisation (e.g. compre-
hensive biomarker panels) and novel eHealth based diagnostic
tools (e.g. novel multilevel sensors) as well as the combination
and integration of all of them.

Professional interactomes amongst relevant stakeholder
groups including patients should be designed in order to cre-
ate a multi-professional approach with multidisciplinary ex-
pertise in the personalised treatment of HF and accompanying
comorbidities. Importantly, patients must be a central part of
these interactomes in order to create the required new culture
in healthcare.

New educational programmes are required to improve the
knowledge of professionals, patients and the general

Patient’s needs with
chronic diseases

Optimal medical
care

Adequate 
information

Access to care
Access to 

caregivers(s)

Sufficient support

Proper diagnostics

Defining all co-
morbidities

Proper management

Best integral therapy

Focus on patient's 
preferences

Single
personalised
therapy plan

Pleasure in life
Quality of life

Disease and 
treatment

Coping

Managing daily life

Decision making /
prognosis

Psychological

Help in managing 
daily tasks

Shared decision 
making

Defining preferences

How to…
Coaching

Preperation of 
medication

Feedback

Physical fitness

Patient’s safety and 
privacy

Patient’s well-being

Personal goal-setting

Self-care

Adequate follow-up

Fig. 1 Important elements of
patient needs in chronic diseases
such as HF. They include different
elements of adequate information,
optimal medical care, single
personalised treatment plan,
access to care, adequate
information, sufficient support
and sufficiently considering
patient well-being to enable self-
care supported by eHealth in-
cluding artificial intelligence
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population of the new PPPM approach. Programmes should
contain detailed information about the above listed points
explaining: why the paradigm shift is needed; what are the
enabling instruments; why multi-level diagnostics is more ad-
vanced compared to currently available approaches; how the
healthcare interactome can be designed in the most optimal
way; and what are the benefits for patients and healthcare
professionals [33].

The digital transformation in care

Digital transformation is profoundly and rapidly impacting
our daily life, including social, economic and political aspects.
Digital transformation has affected our daily communications
and interactions. In medicine, digitalisation has altered dis-
ease: monitoring, education and personalised coaching, diag-
nostic and prediction tools, consultation services, therapeutic
strategies, and screening and prevention. Therefore, in a time
of demographic, social and medical change, the health profes-
sional perspective is essential to guide the implementation of
new digital technology [34]. Healthcare professionals are
those best placed to identify disease-related barriers and con-
sider possible patient-centred solutions [35]. Led by
healthcare professionals and powered by AI, daily routine
medical information will be integrated into patient support
systems, thus facilitating needs-led patient-doctor interactions
and therapeutic decision-making of strategic relevance.

The HF paradigm shift to PPPM

Heterogeneity, risk factors and personalised profiles
of patients with HF

HF is a complex disease entity, being typified by a common
‘downstream’ clinical syndrome but with a broad range of
‘upstream’ structural, functional and biochemical phenotypes
as well as diverse disease courses and prognoses [36].
Assessment and treatment of patients presenting with stable
or decompensated HFmust be performed in a manner tailored
to the patient’s individual phenotype [37–39], which is often
not (yet) the case.

Patients with HF typically havemultiple comorbidities [40]
and crossover symptoms (e.g. breathlessness in angina, chron-
ic obstructive pulmonary disease, pulmonary vascular disease,
anaemia, uncontrolled arrhythmia) [41]. In addition, certain
clinical signs (such as tachycardia) may be symptom-
generating in themselves (breathlessness), may reflect an un-
derlying pathophysiological process (such as infection or fluid
overload), or may even be the underlying cause of HF, which
itself may also result in similar symptomatology. Teasing out
these subtleties by history and physical examination can be
extremely challenging, even by specialists [42]. Therefore,

better stratification of patients with chronic diseases is essen-
tial in order to define personalised profiles that are required to
achieve the paradigm shift to PPPM.

Challenges in HF care

Choosing the wrong therapy may have potentially deleterious
effects. Severe side effects and even death can occur, e.g. in
patients wrongly deemed to be systemically congested due to
inappropriate diuretic administration [43], or intensifying rate
controlling medications in tachycardia related to congestion
without addressing the underlying volume overload [44].
Equally, delaying appropriate therapy may reduce the effica-
cy of the intended therapy, e.g. early intervention with diuretic
therapy to reduced volume overload is more likely to be ef-
fective whereas once systemic volume has been retained the
oral route is less effective necessitating intravenous therapy
[45, 46]. In complex fields with a broad library of research,
case histories and potential therapies, it can be difficult for
individuals to remain up to date with best evidence—
especially in complex diseases where software such as the
IBMWatson has shown some promise in guiding appropriate
therapy [47].

Added to this is the concept of a patient acting as the gate-
keeper of their own baseline health status and an active invig-
ilator in detecting when their baseline has changed. This may
be the ultimate trigger in deciding when to change therapy. A
patient’s subjective awareness of what different disease pro-
cesses feel, e.g. does chest pain feel like the angina previously
experienced?, may be important in accurate diagnosis and
treatment.

Computer-guided algorithms have the advantage of pro-
cessing many data points quickly. However, they rely on ac-
curate contemporaneous patient input and engagement. A
computer may also be less accurate in certain elements of
patient care, which may be difficult to quantify in an algorith-
mic fashion, e.g. patient frailty, difficulty to tolerate medica-
tions, wishes regarding ceiling of care and end of life care.

Therapy monitoring

Healthcare professionals and computers may be complemen-
tary to determine response to therapy. For example, clinical
response to therapy may be earlier than objective measures of
response such as biochemical [48] or weight [49] parameters
in some but later in other patients. On the other hand, clinically
obvious parameters may be obscured and alternative diagnos-
tic tools may be more sensitive in detecting congestions [50].
Thus, remote diagnostics with appropriate analyses tech-
niques may be superior to clinical findings; however, this
might not be uniform in all HF patients.

Similarly, distinguishing side effects of medications from
the underlying disease process and comorbidities may also be
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challenging for both machines and humans. Examples may
include, does tiredness reflect low cardiac output or effect of
treatment such as beta blockers? Does deterioration in renal
function represent progression of the underlying HF, an ex-
pected response to angiotensin-blocking agents or overdosing
diuretic therapy? It is possible that AI may be able to improve
distinction, prediction, and prevention significantly, but this
has not yet been properly tested.

These questions highlight the complexity of applying a
structured diagnostic algorithm to the clinical course of a dis-
ease, as well as the inherent complexities in its personalised
management. Given the broad phenotypic variation on both a
personal and population level, it is likely that a combined
approach of well-informed ‘baseline’ clinical algorithms
along with personalisation to individual patients are needed
for maximum efficacy. In particular, an AI-delivered therapeu-
tic strategy needs to learn how the patient responds to treat-
ment, how complications of both treatment and disease pres-
ent, and be able to alter future responses based on accumulated
knowledge—similar to how a physician becomes familiar
with an individual patient over time.

Participatory medicine: new roles for both patients
and healthcare professionals

Patient-centred care

In recent years, the doctor-patient relationship has evolved
beyond the paternalistic ‘doctor knows best’ model, toward
one where the patients wish to be more actively engaged and
expect a degree of input in their care [51–53]. This, in turn,
represents an opportunity to not only involve the patient in
decisions around their care but also to actively involve them in
self-administering care.

Increased patient engagement in their own care has many
potential benefits:

1. Improvement of patient adherence [54]

2. Improvement of patient satisfaction [55]
3. Reduction of direct patient costs (e.g. travel, parking) [56]
4. Reduction of indirect costs (e.g. productivity days missed

for patients and carers) [57]
5. Improvement of patient outcomes and reduction of

healthcare costs [58].

Patient-centred care represents a paradigm shift in how
patients, doctors, nurses and other health professions think
about the processes of treatment and healing. Defined by the
US Institute of Medicine as the act of ‘providing care that is
respectful of, and responsive to, individual patient prefer-
ences, needs and values, and ensuring that patient values
guide all clinical decisions’, [59] patient-centred care prizes

transparency, compassion and empowerment. The rise of
patient-centred care makes way for a healthcare system de-
signed to optimise the agency and comfort of the most impor-
tant and vulnerable people in the equation: patients, their fam-
ilies and their communities [31].

Patient-centred care is a far-ranging new view of healthcare
that resists simple summation. But there are a few consistent
core ideas that guide this new style of care [60]. Researchers
fromHarvardMedical School, on behalf of the Picker Institute
and The Commonwealth Fund, identify Picker's eight princi-
ples of patient-centred care (Fig. 2) [61]. However, as it turned
out, the development from theory to practice is a lengthy and
unruly process.

Successful patient engagement

Current concepts imply that key to the success of patient engage-
ment in self-care is educating patients about the clinical manifes-
tations of their disease process, effects of medications, lifestyle
modifications required and clinical particulars regarding the ratio-
nale for a prescribed treatment regimen [62]. However, for pa-
tients or their carers to truly take charge of day-to-day disease
management, they must also be sufficiently supported and
equipped with the essential tools, e.g. to deal with a change in
clinical status—such as a structured approach to identification and
management of deterioration, which may be ASYMPTOMATIC
(detected by clinical measurement tools) or SYMPTOMATIC
(which may be recognised by the patient or carer).

Detection of asymptomatic deterioration would effectively
take the place following a physical examination performed in
the clinic and may involve the use of simple measures such as
weight and blood pressure, but may also expand in suitable
patients to involve more advancedmetrics such as implantable

Picker’s Eight Principles of Pa�ent Centred Care

Emo�onal support

Coordina�on and integra�on of care

Informa�on and educa�on

Physical comfort

Respect for pa�ents’ preferences

Involvement of family and friends

Con�nuity and transi�on

Access to care

Fig. 2 Picker’s principles of patient centred care, highlighting the most
important elements of care to achieve high-quality healthcare with high
patients’ satisfaction. These principles are important to integrate in the
envisioned paradigm shift
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sensor data (e.g. CardioMEMS™ [50], OptiVol™ [63]).
Effective monitoring may be improved by novel eHealth tech-
nology and sensors, which is a rapidly growing field.

Detection of symptomatic deterioration would take the
place of ‘doctor-initiated’ history taking. So far, key to this
process is educating and coaching the patient and carer in
awareness of symptoms indicating deterioration of their con-
dition, e.g. worsening breathlessness in HF [64]. It would also
require educating the patient about symptoms, which may
indicate an alternative pathology warranting alternative treat-
ments, e.g. cough with sputum production in the setting of
worsening breathlessness may indicate an infective process
rather than deteriorating HF. However, telemonitoring can be
more efficient than education alone in supporting patients and
carers in detecting and interpreting symptoms [30]. In partic-
ular, the majority of patients with chronic diseases who are
usually elderly may not be able to detect and interpret symp-
toms sufficiently without additional support.

Additional measures are required for a successful
personalised self-guided care strategy. There must be (i) a
relatively simple treatment algorithm in place to respond to
changes in clinical status which the patient can follow, and (ii)
backup from a clinical specialist nurse or physician if needed.
Basic therapies, such as adjustment of diuretic doses [65] or
adjustment of anti-hypertensive medications [66], may assist
in preventing a hospital admission with acute deterioration.
Modern eHealth technology using AI may be more efficient
and may allow a much larger proportion of the HF population
to apply personalised self-guided care strategies.

Supporting technology

New technologies enabling data generation by the patient will
increase the data volume, which will improve timely informa-
tion and education for patients and doctors in personalising
therapy and predicting response in a personalised manner.
This can also be enhanced by different approaches including
the use of gameful design of support systems [67] to increase
patients’ engagement in therapeutic processes and adherence
and help identify and address their requirements and prefer-
ences in the context of self-management of chronic condi-
tions, like HF. In turn, this will offer new ways of identifying
patients early with very high likelihood for acute deterioration
and death. One example might be that early indicators like
changes in daily behaviours may prevent fatalities of individ-
ual patients by an early alarm system [68]. Remote patient
management may detect early signs and symptoms of cardiac
decompensation, thus enabling prompt initiation of specific
treatment before full manifestation of HF decompensation.
Ideally, this is initiated by the patients themselves instead of
being professional driven, which is currently the case in
telemonitoring systems. However, this means that patient par-
ticipation, and their perspectives, need to be included in the

development of new technical devices and healthcare ap-
proaches. This new approach in patients with a life-
threatening chronic disease will be a milestone for approaches
in integrated care, PPPM and managing patients with
multimorbid diseases.

Therefore, the uniqueness of such novel strategy aiming to
be a comprehensive patient-centred clinical support system for
taking care of patients with HF, can also become a blueprint
for managing patients with different other chronic diseases
using eHealth solutions via intelligent algorithms. This will
pave the way for overdue advancements in daily medical prac-
tice, namely, improved efficiency in patient care coupled with
high potential for cost reduction.

Support for changes in the care process using eHealth

There are numerous definitions for eHealth in the scientific
literature. In short, eHealth is often defined as the use of in-
formation and communication technology in healthcare. In the
context of this strategic paper, a more comprehensive defini-
tion is used; ‘eHealth is an emerging field in the intersection of
medical informatics, public health and business, referring to
health services and information delivered or enhanced through
the Internet and related technologies. In a broader sense, the
term characterises not only a technical development, but also a
state-of-mind, a way of thinking, an attitude, and a commit-
ment for networked, global thinking, to improve healthcare
locally, regionally, and worldwide by using information and
communication technology’. [69]

The development of new eHealth products is evolving fast,
with the immense availability of healthcare related applica-
tions. These developments are not only supported by the in-
dustry who participate in their development, but also by pa-
tients, national and international societies of physicians, and
governments [70, 71]. A vast majority of patients are willing
to engage in these new practices with high patient satisfaction
and improved health outcomes; these are the beginnings of a
fundamental paradigm shift in healthcare [70]. A consultancy
agency that explored the potential of medical technologies
with regard to patient centred care needs, by order of the
Ministry of Health, Welfare and Sports (VWS) of the
Netherlands, concluded that the attitudes of patients and
healthcare professionals for these new technologies are posi-
tive, but there is a reluctance in full adoption [70]. In addition
to a lack of well-established evidence and reluctance of
healthcare professionals to redesign care processes, insuffi-
cient funding by healthcare insurances or by Government
[72], and the difficulty of linking existing information and
communications technology (ICT) systems with the new tech-
nologies [70] are important barriers. The minister of VWS of
the Netherlands has set up actions to encourage insurance
companies, healthcare organisations, stakeholders and devel-
oper to cooperate and create a successful implementation and
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upscaling of the use of eHealth [71] indicating the support
from the government for changes in the usage of eHealth in
the care process. The expectation worldwide is that eHealth
will be the way forward in achieving solutions for sustainable
healthcare [73].

Patient-interface: how to facilitate eHealth for patient centred
care

eHealth technologies are playing an increasingly important
role in providing internet-based disease management, includ-
ing self-management support, facilitating information ex-
change among professionals and with patients, and monitor-
ing the performance of disease management programs.[74] In
the approach of Eysenbach [69], eHealth is seen as more than
just a sophisticated tool: it is about co-creating and evaluating
an infrastructure for knowledge dissemination, communica-
tion, user engagement and the organisation of care with all
involved stakeholders—patients, doctors, nurses and technol-
ogy developers. This requires careful embedding of technolo-
gy into the care process, with attention on added value in a
dedicated context. Co-creating sustainable eHealth technolo-
gies thus requires a holistic development and evaluation ap-
proach that takes into account the triad between technology,
users and context of implementation [75].

Patients newly diagnosed with a chronic disease are often
overwhelmed with their situation. They feel insecure, some-
times anxious and often confused by the quantity and diverse
provision of information. Affected patients have to learn to
deal with their new living conditions, including the reaction
of their relatives. Thanks to new technology it is possible to
offer them remote support and online coaching with which
they can complete efficient self-care. Practice has shown the
importance of relevant knowledge for personal processing of a
diagnosis, behavioural improvement and timely recognition
of symptoms to prevent exacerbations. The mission of
eCoaching is to reach optimal HRQoL. ‘Patients make better
medical choices with coaching’, emphasises Jeff Belkora,
founder of Patient Support Corps and Professor of Surgery
and Health Policy at the University of California.[76]

Usual care for chronic diseases has been limited to episodic
visits to various health services in which interim results and
events are reviewed, and plans are made for adjusting care as
needed, based on the information acquired during the consul-
tation. In order to unburden both patients and healthcare pro-
fessionals, modern care should be provided at the convenience
of the engaged patient, taking advantage of modern technolo-
gy. Against this background, the concept of eCoaching in care
of chronic diseases may help to optimise patient independence
and outcomes using eHealth. The combination of the various
aspects of eHealth including remote patient monitoring,
eCoaching, and decision support enables patients to be treated
outside of conventional clinical settings, potentially

improving HRQoL, engagement and compliance, and out-
comes in chronic diseases.

Gamification to improve patient engagement

Incentives and rewards are one of the major means to attract
users’ attention and ensure long-term engagement. Through
proper and carefully thought through design, reward programs
can be of high importance, as they provide (necessary) moti-
vation for behaviour change and better long-term engagement.
There are two elements of a reward that need careful planning;
timing and nature of the reward. Ultimately, the goal is to
maximise motivation and effort prior to receiving the reward,
as well as happiness after receiving the reward [77].
Gamification employs a seamless combination of a number
of mechanisms, tailored to specific situations on a case-by-
case basis in which users find themselves, taking into account
their personal values and expectations.

Success of gamification is driven by various factors, which
include emergence of mobile devices, rise of big data and
wearable computing [78]. Gamification in combination with
AI found its use in various contexts including intelligent
tutoring systems, health applications with decision support
systems and a number of industrial applications that benefit
from gamification mechanics and dynamics elements [79].
Thus, the inclusion of gameplay elements and systems into
non-game contexts, such as healthcare, education, training,
and work can enhance the user experience, and encourage
behaviour modification and long-term participation. Various
stakeholders including healthcare providers are investigating
how to ‘gamify’ their processes and systems to increase en-
gagement [80]. Some examples include the use of
gamification to run a global awareness campaign to prevent
cancer [81], and the DIDGET Blood Glucose Meter, that
plugs into a Nintendo DS or DS™ Lite gaming system to
reward kids for consistent testing [82].

Gamification can also be used to provide engagement to
use AI based platforms. The growth of digital media has seen
an explosive growth in the exchange of data, with its ability to
collect, store and sort data, that is often an impossible task for
humans. Crucial to the success of AI, are the algorithms that
can learn and advance their intelligence. One way to inform
these algorithms is to use gamification. Games are mainly
complex systems, but tracking and storing data from them is
easy and straightforward. Still, such an approach not only
enables AI to learn and to improve, but also brings benefits
to the user, who is motivated to engage with the application
through the various gamification features.

Gamification can be used to track and measure progress.
Using the various elements mentioned above, stakeholders
can store and track the performance, progress and aptitude,
and can make further decisions based on this data. In
healthcare, this may result in using gamification and AI for
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diagnostic purposes. There are various benefits of using
gamification to provide engagement in AI-based platforms,
such as [83]:

1. Flexibility in addressing problems and challenges
2. Knowledge being more transparent
3. More data for AI to learn and improve from
4. Low-cost and low maintenance required for AI.

Eventually, this will result in better patient adherence to
using of the eHealth application and simultaneously to gather
additional diagnostic information to better monitor and guide
patients. Uniquely, via data analytics, AI can learn how best to
enhance patients’ self-care capability. Thus by combining AI
and gamification, an eHealth application may be smart, intel-
ligent and entertaining at the same time.

Understanding the role of artificial intelligence
in the paradigm change

When a machine mimics ‘cognitive’ functions that humans
associate with the human mind, the term ‘artificial intelli-
gence’ is applied. Examples are data analysis and prediction,
image analysis, human speech recognition, self-driving cars
and many others. Tools in AI are based on statistics and spe-
cific methods like logistic regression, neuronal networks
(deep learning), random forest, ensemble tree, fuzzy partition,
support vector machines, self-organising maps and more.
Many AI algorithms are capable of improving from data, to
enhance themselves, by learning new strategies that have
worked well in the past. AI algorithms consider possible hy-
potheses and match it against the data [84–89].

Supervised learningmeans learning a function that maps an
input to an output based on example input-output pairs.
Therefore, a supervised learning algorithm analyses the train-
ing data and produces an inferred function, capable for map-
ping new examples [90]. Unsupervised learning stands for
inferring a function that describes the structure of data that
has not been classified or categorised. In this case, there is
no straightforward way to evaluate the accuracy of the result
which has been produced by the algorithm.

McKinsey predicts healthcare as one of the top 5 industries
with more than 50 use cases using AI [91]. AI will change the
healthcare industry, support doctors in improved provision of
healthcare and empower patients in controlling and maintain-
ing their health. AI is perfectly suited to support PPPM. There
exist already many examples which provide a clearer view as
to how AI will affect healthcare. The direction of impact is
inclusive of making hidden information into data usable, gain
of efficacy and efficiency, risk identification, prevention, tri-
age of patients, telehealth, virtual nursing, robot surgery, ther-
apy guidance, self-treatment, higher precision, prediction,
personalisation and relief from routine tasks.

Complex chronic diseases like HF require personalised di-
agnostics and therapy, which may be supported by AI to im-
prove prediction, therapy guidance and prevention of deterio-
ration. Nowadays, diagnostic companies still focus on ap-
proaches using a limited number of markers, leaving interpre-
tation to the healthcare professional. However, the dynamics
of complex diseases are often only determined by the use of a
broad range of markers using different diagnostic modalities.
In contrast to the human brain, AI is able to deal with the
exponential increase of possible combinations related to
multi-marker approaches. Therefore, the paradigm change
using AI requires the availability of a broad range of data,
including patient history and characteristics, signs and symp-
toms of not only heart failure but also accompanying comor-
bidities, results of diagnostic tests, input from multiple
markers (e.g. biomarkers) and sensors, medication and other
aspects of treatment. In essence, the algorithms require the
same information as healthcare providers use for decision-
making.

AI introduction in healthcare is starting with hybrid
models. Physicians are supported in diagnosis, treatment plan-
ning, identifying risk factors, but retain ultimate responsibility
for the patient’s care. This will result in faster adoption by
healthcare providers by mitigating perceived risk and deliver-
ing measurable improvements in patient outcomes and effi-
ciency at scale. Long term, there will be a shift from decisions
exclusively made by physicians and other healthcare pro-
viders to a hybrid decision model, where unambiguous deci-
sions are made by AI and directly advised to the patients but
leaving the responsibility for more complex or ambiguous
decisions to the healthcare professionals.

Expected “added value” of AI services in healthcare
and potential harm

The face of modern healthcare is changing dramatically and
AI has a significant impact on this in two main ways; assisting
clinicians in the delivery of care and the extraction of meaning
from ‘Big Data’ [92]. Task delegation and sharing is becoming
significantly more important with the global shortage of
healthcare professionals and the increasing number of pa-
tients. AI may reduce healthcare expenditure and ultimately
improve quality of care. A prospective analysis concluded that
the use of AI applications could save American healthcare by
approximately $150 billion annually by 2026 [93].

Despite several examples of AI already successfully intro-
duced in clinical practice, adoption is not yet broad, with some
exceptions, and implications to clinical practice is limited.
This will, however, rapidly change as the following examples
illustrate. AI has been ‘visible’ through clinical decision sup-
port systems (CDSS), in care delivery across specialties.
Castaneda et al. diagrammatically illustrated a typical clinical
consultation and the effect a CDSS may have [94]. The
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amalgamation of information to support clinical decisions was
publicly evident in IBM’s ‘Watson’ [95], which had the capa-
bility of replicating up to 90% of the decisions made by
healthcare professionals. In terms of delivering personalised
medicine, AI has a distinct advantage in its ability to pool
massive data sets and extrapolate their relevance to an
individual—as evidenced in a novel program designed to cal-
culate a woman’s ‘Hereditary Breast and Ovarian Cancer’ risk
result and offer recommendations and questions for her to
raise with her healthcare provider [96].

Furthermore, the algorithm for the detection of cardiac
rhythm changes (ST elevation) is commonly available with
the majority of 12 lead ECG machines offering analysis and
enabling the provisional diagnosis of myocardial infarction
and cardiac arrhythmia [97]. Other recent work has demon-
strated the ability to predict risk of cardiovascular disease
based purely on a still image of a patient’s retina [98]. An
AI-based test of multiple blood derived biomarkers detected
coronary artery disease with an accuracy which so far was
only achievable by advanced imaging technologies such as
modern contrast CT angiography [99]. A mobile Atrial
Fibrillation App incorporated clinical decision-support tools
alongside educational material, patient involvement strategies
and follow-up [100]. Patients reported the app was user friend-
ly and significantly improved patients’ knowledge, drug ad-
herence and anticoagulant satisfaction, increased quality of
life, and reduced anxiety and depression. Indeed, AI has the
capability for real-time continued monitoring (whether in the
home setting or within healthcare settings) with built-in care
pathways for escalation and interventions when needed, ulti-
mately empowering patients in self-management to improve
clinical outcomes [101, 102].

Further advancements in AI have led to the development of
embodied conversational agents or avatars, which can further
improve user engagement and effectiveness of an interven-
tion, for example directing patients to the most appropriate
care service. Since availability is 24/7, avatars can monitor
patients and provide quick and timely answers. Thus, integrat-
ed AI technology provides health state analysis, decision sup-
port and treatment recommendations. For example, an animat-
ed conversational agent playing the role of a health counsellor,
through a series of daily conversations over two months, had a
positive impact on fruit and vegetable consumption [103].

AI may also improve the diagnostic process of many dis-
eases. A recent Stanford University study tested an AI algo-
rithm to detect skin cancer against dermatologists, and found it
to perform at the level of the humans. Further, Baidu Research
announced that the results of its deep learning algorithm can
outperform humans with identifying breast cancer metastasis
[104]. AI is providing several solutions for triage of patients
that provide quick, scalable access for basic questions and
medical issues. Additionally, unnecessary trips to the GP can
be avoided, reducing the rising demand on primary healthcare

providers and providing basic guidance that otherwise would
not be available for populations in rural areas. In radiology, AI
solutions can automate image analysis and diagnosis. These
solutions drive efficiency and reduce human error. Improved
tumour detection on magnetic resonance imaging (MRI) and
computed tomography illustrates the progress. The US Food
and Drug Administration (FDA) has given clearance for an AI
platform which analyses and interprets Cardiac MRI images.
For humans, image analysis is very time consuming. A
Massachusetts Institute of Technology led research team de-
veloped a machine-learning algorithm that can analyse 3D
scans up to 1000 times faster than before, making it possible
to study changes almost in real time [105].

‘Big data’ involves the integration and interpretation of
large volumes of healthcare information, such as biomedical
and clinical data to generate robust scenarios applicable for
everyday life. In the UK, information from electronic health
records has been used to inform prediction of drug effects and
interaction, identification of type II classifications and discov-
ery of comorbidity clusters in autism spectrum [106].
Furthermore, there is increasing evidence on the benefit of
computer-based decision support within pharmacology with
the ability to reduce physician errors and quicken decision-
making, thereby potentially saving lives. AI may also help to
identify new potential therapies from vast databases which
could be redesigned to target critical threats. This could im-
prove the efficiency and success rates of drug development,
accelerating the process to bring new drugs into market.

AI-assisted robotic surgery gets an increasing amount of
attention. At present, Da Vinci is the most advanced surgical
robot that allows doctors to perform complex procedures with
greater control than conventional approaches. Heart surgeons
are assisted by heart lander, a miniature robot that enters a
small incision on the chest to perform mapping and therapy
over the surface of the heart. Machine learning has been in-
strumental in orthopaedics, in terms of understanding biome-
chanics, orthopaedic implant design [107], prediction of pro-
gression of osteoarthritis [108] and robotic surgery [109].

A number of future avenues for the use of AI in the ‘big
data’ domain includes the use of unsupervised learning tech-
niques to more precisely phenotype complex disease [110]
and facilitate earlier prediction of an epidemic. It is anticipated
that the World Health Organisation (WHO) will be able to
monitor big data in real time from a wide range of internation-
al sources, thus mitigating the progression of an epidemic
[111]. AI can already address healthcare challenges within
resource-poor settings, for example Onu described signal pro-
cessing and machine learning in Nigeria, whereby mobile
phone data has been used to predict birth asphyxia [112].

The large potential of AI for improving healthcare is indis-
putable. The question is how to integrate it safely and success-
fully into our everyday life and healthcare systems. According
to the authoritative online publisher The Medical Futurist in
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the e-book ‘A guide to Artificial Intelligence in Healthcare’ a
range of hurdles must be tackled before AI redesigns
healthcare.

Potential harm and hurdles of AI introduction in healthcare

It is the promise of AI has to be balanced by possible risks and
harms. One of the greatest concerns of introducing AI into
healthcare is the potential for error and fraud. Despite an in-
creasing emphasis on healthcare quality and safety, medical
errors are not uncommon and pose a serious public health
problem. Indeed, hospital medical errors are the third leading
cause of death in the USA [113]. AI is being used or trialled
for a range of healthcare and research purposes and though it
has the potential to address important health challenges, its use
also raises ethical issues such as the potential to make errone-
ous decisions, compromise or fail to safeguard patient health
data, and be used for malicious purposes [114]. For example,
in using AI, medicine may be susceptible to adversarial at-
tacks both in terms of monetary incentives and technical vul-
nerability, subsequently caution in deploying AI in clinical
settings has been urged [115].

Embracing advances enabled by AI is likely to incur cost
savings and efficiency. Whilst it may be argued that AI might
be expected to make healthcare safer and more efficient, we
need to ensure that our datasets are robust, have continuation
of reliable data supply, and have sufficient breadth and depth
for accurate diagnosis [116]. However, healthcare is still
under-digitised in many countries. Many primary care physi-
cians still keep their medical records on paper (e.g. Germany
34%, Switzerland 41%) [117]. In many countries, the
digitisation of the health system corresponds to the level that
financial services and industry had more than 20 years ago.
While in other industries digital tools are widely used and
decision support tools are seen as essential aid, some doctors
do not yet see the added value, with potentially tremendous
negative effects on productivity and accuracy.

Along with a wealth of information comes responsibility
inclusive of issues of privacy, ethics, data security and ac-
countability. Although AI can virtually remove man-made
error from processes, it can still exist in the programming:
being largely algorithm based, the technology is not exempt
from bias or prejudice [118]. Hence, AI is only as intelligent
and discerning as those responsible for its initial program-
ming, noting that later improvement by self-learning algo-
rithms may be possible. Currently, there is a dearth of regula-
tions and lack of standards to assess the safety and efficacy of
AI systems. However, the FDA has made some inroads in an
attempt to provide guidance for assessing AI systems [119].
Further to this, by succeeding in creating ethical standards,
developing measures of success and effectiveness and by
making it available to the mainstream, we can reduce many

of the privacy concerns and misapprehensions surrounding AI
[120].

Perhaps one of the biggest trepidations about AI is that it
will become so sophisticated it will take over our lives. Is there
the potential for AI to take control away from humans, de-
humanise actions, reducing compassion and empathy? On the
other hand, the complex and unique circumstances surround-
ing HF often require clinicians taking judgement calls into
account when making decisions; as such the question then
becomes, Can AI be programmed to successfully manage
complex long-term conditions? The most probable answer to
this question would be: yes, in part.

Clinicians need to be prepared for a future where their
intellect and clinical discernment can be replaced—at least
in part—with systems that are much more robust. This also
means that the tasks of the healthcare professionals will
change. We need to acknowledge the benefits and identify
how best to cope with any perceived or real drawbacks of
AI in the management of chronic conditions such as HF. For
successful integration in the care process to enable PPPM,
close ‘collaboration’ of technology using AI, complex algo-
rithms, avatars and clinicians will, therefore, be key.

Towards a cost-effective and sustainable economic
model for integrated HF care

As argued above, in an ideal situation of healthcare maximum
effort should be invested into (1) facilitation of therapeutic
decision making for and by the patients along with their local
carers in a home setting, while taking social factors into ac-
count; (2) early detection of critical cases and/or new dis-
ease(s) which require interventions by patients or specialist
time and hospital capacity, to ensure optimal use of these
scarce resources; and (3) prevention at home, promoting
healthy lifestyle choices especially for those who are
predisposed to chronic non-communicable disease conditions.

To achieve this, a paradigm shift in healthcare is needed,
which is now possible from the advances and new develop-
ments in AI evidence-based medicine. Innovation in medical
diagnosis and treatment is bringing new opportunities to
change the landscape of evidence-based medical treatment.
In practice, AI is not one new technology, but a variety of
technologies, algorithms and software tools.While the clinical
advantages seem to be obvious, there are a number of issues
that need to be addressed and overcome for future sustainable
improvement in patient health outcomes.

Expectations vs commercialization and sustainability

Having a new technology or device developed and tested in a
controlled environment (laboratory or hospital with carefully
selected patient groups) does not mean that it is ready for use
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in a wider ‘real world’ context. For broad exploitation in the
healthcare market, several issues need to be addressed:

& Personalised technology or device is not fully validated or
not applicable to or not tested in the relevant context—e.g.
decision making not applicable to the specific contexts;
poor quality (low signal to noise ratio), poor prediction,
lack of robustness (drop outs, maintenance issues).

& Accessibility cannot be guaranteed—e.g. distribution prob-
lems, price too high, device not certified, no reimbursement,
lack of knowledge by care professionals of its use.

& Despite advances in new AI-supported systems, proper
clinical validation is still essential—e.g. one aim of vali-
dation is to prove the benefit but also to identify and ad-
dress flaws and biases of the system.

& Implementation in clinical care is mostly lacking and not
properly tested—e.g. several additional challenges need to
be addressed to enable commercialisation.

Some of these aspects are specifically related to AI based
systems, others are of a more general market-based nature.
Several additional challenges need to be addressed to enable
commercialisation:

& Regulatory authorisation—procedures may evolve much
more slowly than the technology developments in this
field and acceptability of a new personalised approach
may be limited.

& Ethics—what do we allow the AI system to handle, deci-
sions will have to be agreed and incorporated into (ethical)
guidelines and contracts.

& Responsibilities—decision-making procedures need to be
adapted, professional liabilities should be well described,
perhaps even insurance coverage expanded, hence legal
input is essential.

& Social challenges—resistance by medical staff to change
their work practices, overcoming perceptions that AI may
replace/change jobs, resistance by patients and their carers
(accepting as substitute for care professionals, which type
of advice is acceptable, e.g. lifestyle changes, therapy de-
cisions), institutional resistance to change (need to change
processes) and practical difficulties (specific training re-
quired, investments to be made, risks taken).

& Safeguarding—the position of patients as vulnerable
adults and safeguarding the involvement of carers in the
AI-supported systems.

& Skills—specifically, trained staff who can manage, main-
tain and/or work together with AI-supported systems.
Also, the patients and their carers will need education on
how to optimally benefit

& Financial—the financial structures, accounting conven-
tions, financing availability and health reimbursement
models involved vary by region or country.

& Legal—governance and data management to maintain pa-
tient confidentiality and manage data exchange in appro-
priate ways. The use of Common and Civil law in different
countries across Europe may require the use of a range of
legal solutions that may differ country by country.

Valuing social-economic impact

The discussion about who bears which costs is one of the most
basic elements in developing a sustainable Business Model in
healthcare commissioning and reimbursement. Investing in
preventive measures and improving HRQoL in their home
setting makes a lot of sense and can have a significant eco-
nomic impact. However, quantification of socio-economic im-
pact may be a challenge (for lack of generally accepted indi-
cators and standardised methodologies);Which participant in
the health commissioning framework will realise the very real
financial benefits that will accrue over time and therefore be
able to accept the cost of provision?

A more fundamental underlying issue is to focus on health
outcome and long-term impact. This is especially true when
seeking to improve the access to long-term healthcare treat-
ment and quality of life for patients who require chronic care.
This goes beyond the more common challenges of
commercialisation in the healthcare sector and requires ac-
ceptability by all involved stakeholders. Sustainability in this
context requires insight into the financial/economic context. It
is important to develop a specific Business Case for these
integrated and personalised systems considering the different
routes to commercialisation, which depends on who is the
consumer, who actually is paying for it:

& Patient—can pay for a sensor or smart phone App, but
paying the full price to access an integrated therapy sup-
port systemmay be beyond a patient’s reach unless the AI-
system lowers the access fee to a reasonable level (volume
pricing).

& Care provider—a group of practitioners provide specific
tools or aid devices for home care or a clinical centre buys
diagnostic or imaging equipment (often the quality is the
first indicator).

& Insurance company—a device, therapy or care service is
reimbursed (often cost reduction is the first indicator).

& Community—a city, region or other commissioning area
decides to provide certain forms of healthcare (often ne-
gotiated as package) to all patients in their region (volume
pricing).

& Government or intermediary bodies—after formal assess-
ment (health technology assessment (HTA)) access and
prices for (a package of) certain products, therapies or
provision of services with are recommended, facilitated
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or established as sole choice (formal tendering process).
Obviously, combinations of these are common.

Two other elements are integral to sustainability, i.e. scal-
ability, achieving critical mass so that prices can go down, and
transferability from one environment to another environment.
Unfortunately, across Europe there is a huge variety of struc-
tural conditions, and the legal, regulatory, governance and
reimbursement requirements, opportunities and constraints
on health budgets are quite different. The regulatory frame is
hindering healthcare development towards higher efficacy.
Guidelines are one example that does not even consider the
use of AI. Guidelines are history-oriented and do often not
meet the requirements of modern medicine. A report by the
US Institute of Medicine suggested that it takes on average 17
years before new knowledge generated in randomised trials is
incorporated into practice and even then, acceptance varies
considerably among centres [121]. Novel AI-based technolo-
gies may help to facilitate implementation of novel therapy
but may face the same lack of acceptance even if validated in
clinical studies.

In developing a sustainable, scalable and transferable AI-
based solution all these factors must be comprehensively con-
sidered in early development, recognising that many of the
building blocks are at different stages of technical, operational
or social development. Failing to do so may result in restric-
tions on the Business Case, significantly impact the required
balance of (co-) financing and reduce the potential level of
technological innovations that are implemented in the market.
This will in turn restrict the application of AI across the
healthcare market perspectives and its consequential long-
term growth potential.

The bottleneck is, therefore, not necessarily the technology
(although new developments may open up new approaches, as
discussed above). It is essential to involve all stakeholders at
an early stage for proper validation and implementation to
enable financially sustainable models with lasting impact on
our healthcare system and on the patient’s life. In fact, it is
probably true that a mediocre technology pursued within a
great business model may be more valuable than a great tech-
nology exploited via a mediocre business model. Unless a
suitable model can be found, these technologies will yield less
value to the firm than they otherwise might [122].

Legal, ethical and societal issues

As the acceptance of AI grows, so do the ethical and societal
questions concerning its implementation into the health sys-
tem. The future impact of the new technology provides vari-
ous challenges. Possible ethical, legal and societal issues
could arise, e.g. in regard to a possible discrimination on the
part of an AI system and the question of accountability, in the
case of mistakes and the patient-physician relationship.

An important ethical issue is the potential for AI to unfairly
discriminate between patients, coming from the training data
that contains human biases [123]. Thus, a recent study found
that some facial recognition programs incorrectly classify the
gender of less than one percent of light-skinned men, but more
than of one third in dark-skinned women [124]. The most
widely used cardiovascular risk score developed using data
from mostly white patients may be less precise in minorities
[125]. Further, most evidence-based treatment recommenda-
tions in HF result from studies in white men [126]. An uncon-
trolled AI algorithm could make therapeutic decisions based
on preexisting biases, especially when used for complex con-
ditions with a high degree of uncertainty. In HF, this may be
particularly true in patients in the palliative phase of the dis-
ease course or in patients with HF and preserved LVEF, where
solid evidence is lacking. The clinical consequences of such
potential misinterpretation are not known. Still, clinical
decision-making faces the same biased evidence, where we
accept extrapolation without support by evidence [126].
Thus, it will be important to include testing routines for detec-
tion of potential bias in programming of AI and in critically
reviewing the results of it to achieve true PPPM that is supe-
rior to current care. In addition, circumstances need to be
considered where AI may not provide the required results
and human intervention is required, such as in the palliative
phase of care.

Associated with this arises the question of accountability.
When anAI system fails at a certain assigned task, who should
be responsible? The programmer, the data owner, or the end
user [127]? The question of who is responsible if AI makes a
mistake is still unanswered [128]. Self-driving cars provide an
example. Those vehicles could be involved in accidents, just
like human drivers today. The difference is that we have a
clear understanding of fault and blame for human drivers,
but this does not yet exist for AI. A car could be programmed
to act in the safest way for the passenger, or it could be pro-
grammed to protect the people in the other vehicles. Whether
or not the manufacturer or the owner makes that decision, the
responsibility for the fate of people involved in a car crash is
not yet resolved. The same principle can be applied to AI
systems in healthcare. The scope and content of these restric-
tions, e.g. whether and how AI can be intelligible and will
apply, remain uncertain and contested [129]. Questions of
accountability and liability are easier to answer when the rea-
sons that lead to a certain decision or action are comprehensi-
ble. Therefore, transparency is another aspect that needs to be
considered when discussing AI [129]. AI algorithms may be
seen as a kind of ‘black box’ [130]. Thus, AI is difficult to
understand or interpret and it may be impossible to determine
how AI has reached its decision. This could lead to bad ad-
herence, e.g. if patients do not know why the AI system sug-
gests a particular diagnosis, treatment, recommendation or
outcome prediction [129]. Also, medical research has to be
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transparent, requiring ways to uncover and show the ‘inside’
of an AI algorithm. Considering the expected complexity of
such algorithms, this will be an almost impossible endeavour.

Besides that, there are also important issues regarding data
sharing and protection of AI system, which need to be ad-
dressed, taking the strict ‘General Data Protection
Regulation’ of the European Union into account. What should
be the code of conduct? What information is really necessary
to ensure the best treatment for the patients, without exposing
their sensitive data regarding their health? What could be the
risks of automatic profiling of patients [129, 131]?

The impact of AI tools on the patient-physician relationship
regarding the decision-making process may be an additional
concern [132]. Shared decision making is considered an im-
portant prerequisite of this relationship. One difficulty is seen
in the increasing availability of information on the internet,
some of them with questionable content and limited scientific
reliance [133, 134], and the increased use of this option by the
patients [135]. The variation in quality of information or mis-
understandings may generate conflicts between the patient
and the physician and may require a significant amount of
time to resolve [133, 134]. However, the implementation of
AI systems developed by patients and physicians together
may help to overcome this problem and may help patients to
make well-informed decisions about complex medical issues.
Another way could be quality regulation or an evaluation and
certification program for AI systems and health technology in
general [136]. Thus, AI-driven decision support tools can sig-
nificantly change the way treatment decisions are made.
Importantly, to assist in achieving sustainable healthcare sys-
tems the relationship of patients and physicians needs to be
redefined and the future role of physicians clarified [132, 137].

Several studies have shown that good doctor-patient rela-
tionship positively effects health outcome [138–140].
Therefore, even if AI is successfully introduced in clinical
practice human interaction may still be required in healthcare,
particularly in areas with social interaction and a demand for a
holistic perspective. However, the exact new roles of
healthcare providers and their effect on patient outcome need
to be tested. Diagnostics and therapy recommendation should
also consider soft factors like patient fears and worries, the
social environment, lifestyle and other conditions. It remains
to be determined to what extent AI can address these ‘soft’
factors.

In view of the imminent collapse of the current healthcare
system, relieving physicians of administrative and routine
tasks could be the key [141]. These tasks could be performed
by AI systems, leaving more room and time for physicians to
spend time with their patients and being empathetic. In addi-
tion, some specific medical professions, such as radiologists,
could in future be replaced (in part) by algorithms able to
interpret images even better than human doctors [142].
However, it is very unlikely that AI will completely replace

allied professionals in the health sector, yet doctors who use
AI will likely replace those who do not [142]. Therefore,
knowledge and a basic understanding of the key principles
of AI systems will need to be a crucial part for the future
generations of all healthcare professionals.

Who are the beneficiaries of the novel approach?

The proposed PPPM concepts, based on multi-professional
expertise, foresee a facilitated knowledge transfer between
innovative sciences and advancedmedical services, and incor-
porate strategies considering interests of:

& Individuals in suboptimal health conditions predisposed to
chronic pathologies such as HF—by personalised innova-
tive screening programmes and preventive measures tai-
lored to the individualised profiles

& Patient cohorts—by precise patient stratification/
prediction according to the disease subtype, risk factors,
collateral pathologies etc.

& Individual patients and their relatives—by measures
adapted to personalised needs, including treatment algo-
rithm tailored to the person, self-monitoring and active
involvement of the closest environment in the treatment
process

& Healthcarers—by innovative educational programmes,
digitalisation of routine procedures and decision-making
process

& Diagnostic and pharmaceutical industry—by creation of
extended market opportunities

& Biomedical sciences—by motivating innovative research
in the context of PPPM

& Healthcare systems—by improved operation processes
and positive economy

& Society as a whole—by advanced ethical and socio-
economical solutions.

The complex measure of this PPPM approach may be con-
sidered as the medicine of the future [33]. Contextually, the
management of chronic diseases benefits particularly from
application of AI technologies. This is due to huge potential
in machine learning, data processing, computation analysis,
monitoring and treatment of complex and collateral patholo-
gies such as HF, which represents a highly heterogeneous
patient cohort and may strongly benefit from improved
subtyping in order to better characterise its pathophysiology
and to develop novel targeted therapies [143]. In this way, AI
can help clinicians deliver more accurate care and protects
patients against potential harm by treatment mistakes linked
to the disease complexity [144]. AI is becoming a mandatory
technology in clinical practice. Machine learning and big data
analytics have been proposed specifically for cardiology for
predicting individual risks and applying genomic information
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for precision medical approach. Currently, run projects em-
ploy machine-learning techniques to address the problem of
classification of HF subtypes and unbiased clustering analysis
using dense pheno-mapping to identify phenotypically dis-
tinct HF categories [145].

The HF case report of the future

Although not experienced with computer technology,
Mr. Johnson is using a physician avatar on a tablet
computer. Access is available and data protection guar-
anteed by iris detection, which is so easy for him that
he does not have to worry how to use it. Once weekly,
he performs an outpatient visit by himself with the help
of the physician avatar. The interval of the visits could
also be longer depending on how stable his condition is,
but he feels safer with this interval. The avatar advises
him how to take medication, sends new prescriptions to
the local pharmacy if required and tells him when to
have his blood tested. To do this, he has to go to the
local healthcare point in the village. However, he was
told that in the near future, the avatar will be able to
this at home. He already uses tools to measure his
health—they call them sensors—and obviously, blood
testing is going to be an addition to these tools. If he
feels bad and has more symptoms, he can let the avatar
do a check. Recently, he had more shortness of breath.
The avatar advised him to take more diuretics and the
symptoms disappeared rather quickly. After this episode,
the avatar adjusted his treatment and now he feels very
well. Before, there was an episode with very fast heart
rate. The avatar told him that he needs to seek advice

from his cardiologist because he had tachycardic atrial
fibrillation. The cardiologist sent the ambulance to his
home for a cardioversion. This went well and he felt
much better.

The avatar gives him a lot of confidence and safety. He now
has access to advice whenever needed at home. He has less
contact with the healthcare providers but if he needs them,
waiting time is much less. He gets advice regarding many
other aspects of his daily life and has a much healthier life-
style. In fact, exercise has become fun with the use of the
avatar. He can hardly understand anymore, why he was so
reluctant to use the avatar in the beginning.

Conclusions and outlook

Healthcare cannot be maintained in its present form. On the
one hand, rapid development of modern technology, particu-
larly the broad implementation of AI as discussed above, will
inevitably change healthcare. An ageing population, the ac-
companied increase in complexity of care as a result of the
increase in comorbidities [26], and the expected decrease in
healthcare providers, especially in rural areas [29], will result
in large deficit of resources. Costs will escalate significantly
and shortcomings in care of chronic diseases will become
even more prominent than they currently exist [146].
Eventually, high-quality care will no longer be available for
the entire population. To prevent these alarming trends and to
ensure good quality care for all, the approach to care must
change. The “one-size fits all” approach currently applied to
patients with cardiovascular diseases must be replaced by a
PPPM approach [147]. AI has the ability to help support such
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Fig. 3 Novel hybrid concept for the paradigm change in chronic heart
failure treatment including artificial intelligence (AI) supported self-care
and targeted involvement of medical caregivers, requiring adequate

multi-level diagnostics at patient side and comprehensive individual
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by AI directly to the patients or by healthcare professionals (caregivers)
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a paradigm change, but additional aspects need to be consid-
ered for successful implementation of this new approach to
cardiovascular care. These may include the collection of real-
world cohort data, sufficient description of individual patient
characteristics and interventions applied, redefining outcome
measures and new prediction models that are prospectively
tested.

In order to achieve the necessary change in the manage-
ment of chronic diseases, novel concepts are required, inte-
grating the idea of self-care. The basis of such concepts must
be the holistic view towards managing patients with chronic
diseases, including the whole value chain. In contrast to the
present situation in healthcare, patients need to be central in
the chain, taking considerable responsibility within the care
process. It requires important further steps that are getting
more attention presently but are not yet sufficiently developed.
These include among others a digitalisation in healthcare,
multi-level diagnostics and therapy monitoring, disease
modelling and an integrated care approach.

One solution, with high potential for reducing healthcare
costs whilst maintaining quality of healthcare, is the transfor-
mation from solely professional provided care to AI enabled
personalised patient self-care with shared responsibilities (Fig.
3). PASSION-HF is a project supported by INTERREG-NWE
with exactly this aim. It will be achieved by collecting the
needs of all stakeholders, particularly the patients, translating
multiple guidelines into algorithms, linking these algorithms
with AI and defining individual outcome models for patients
with HF. The PASSION-HF consortium encompasses the re-
quired multidisciplinary expertise, including the medical field,
patient knowledge, AI, telemedicine, serious gaming, data ex-
change and storage as well as business development and com-
munication. The collaboration will not only result in new
products to deliver care but also an increased acceptance of
a new philosophy of chronic care. It will accomplish this by
linking patient needs and technological innovation, in knowl-
edge transfer to all stakeholders within the care process in-
cluding patients and their relatives, and in new business
models in healthcare. PASSION-HF will focus on HF as one
of the most important chronic diseases, as well as addressing
other important comorbidities. This will allow further
expanding the concept to other chronic diseases after comple-
tion of the project.

Acknowledgments This project “PAtient Self-care uSIng eHealth In
chrONic Heart Failure (PASSION-HF)” is supported by INTERREG-
NWE VB (NWE 702) http://www.nweurope.eu/projects/project-search/
passion-hf-patient-self-care-using-ehealth-in-chronic-heart-failure/.

Authors’ contribution All authors actively participated in the develop-
ment of the concept of the manuscript. All authors have participated in
writing parts of the manuscript, which was assembled by HPBLR. All
authors have read the final version of the manuscript and approved its
submission.

Compliance with ethical standards

Competing interests The following conflicts of interests exist: AH, TH,
JR and KvdM are staff members of Sananet; FH is staff member of
RIMS; JP, AP and YS are staff members of Nurogames; PR and AT are
staff members of Exploris. Apart from this and the collaboration within
this project of academic, non-profit and industrial partners, the authors do
not have any conflicts of interest.

Consent of publication All authors have given consent for publication.

Ethical approval and consent to participate This article does not con-
tain any studies with patients or animals performed by any of the authors.
As no patient data are considered for this work, no approval from Ethical
Committee was required.

Abbreviations AI, artificial intelligence; CDSS, clinical decision sup-
port systems; FDA, Food and Drug Administration; HF, heart failure;
HRQoL, health-related quality of life; MRI, magnetic resonance imaging;
PASSION-HF, Patient Self-care uSing eHealth In chrONic Heart Failure;
PPPM, predictive, preventive and personalised medicine; VWS, Health,
Welfare and Sport; WHO, World Health Organisation

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Savarese G, Lund LH. Global public health burden of heart fail-
ure. Cardiac Fail Rev. 2017;3(1):7–11. https://doi.org/10.15420/
cfr.2016:25:2.

2. Braunschweig F, Cowie MR, Auricchio A. What are the costs of
heart failure? Europace. 2011;13(Suppl 2):ii13–7. https://doi.org/
10.1093/europace/eur081.

3. Sanders-van Wijk S, van Asselt AD, Rickli H, Estlinbaum W,
Erne P, Rickenbacher P, et al. Cost-effectiveness of N-terminal
pro-B-type natriuretic-guided therapy in elderly heart failure pa-
tients: results from TIME-CHF (Trial of Intensified versus
Standard Medical Therapy in Elderly Patients with Congestive
Heart Failure). JACC Heart Fail. 2013;1(1):64–71. https://doi.
org/10.1016/j.jchf.2012.08.002.

4. Lesyuk W, Kriza C, Kolominsky-Rabas P. Cost-of-illness studies
in heart failure: a systematic review 2004-2016. BMC Cardiovasc
Disord. 2018;18(1):74–11. https://doi.org/10.1186/s12872-018-
0815-3.

5. Aune D, Sen A, Norat T, Janszky I, Romundstad P, Tonstad S,
et al. Body mass index, abdominal fatness, and heart failure inci-
dence and mortality: a systematic review and dose-response meta-
analysis of prospective studies. Circulation. 2016;133(7):639–49.
https://doi.org/10.1161/circulationaha.115.016801.

6. McMurray JJ, Stewart S. The burden of heart failure. Eur Heart J
Suppl. 2002;4(Suppl D):D50–D8.

7. Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart
failure. Nat Rev Cardiol. 2016;13(6):368–78. https://doi.org/10.
1038/nrcardio.2016.25.

8. Gomez-Soto FM, Andrey JL, Garcia-Egido AA, Escobar MA,
Romero SP, Garcia-Arjona R, et al. Incidence and mortality of

460 EPMA Journal (2019) 10:445–464

http://www.nweurope.eu/projects/project-search/passion-hf-patient-self-care-using-ehealth-in-chronic-heart-failure/
http://www.nweurope.eu/projects/project-search/passion-hf-patient-self-care-using-ehealth-in-chronic-heart-failure/
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.1093/europace/eur081
https://doi.org/10.1093/europace/eur081
https://doi.org/10.1016/j.jchf.2012.08.002
https://doi.org/10.1016/j.jchf.2012.08.002
https://doi.org/10.1186/s12872-018-0815-3
https://doi.org/10.1186/s12872-018-0815-3
https://doi.org/10.1161/circulationaha.115.016801
https://doi.org/10.1038/nrcardio.2016.25
https://doi.org/10.1038/nrcardio.2016.25


heart failure: a community-based study. Int J Cardiol.
2011;151(1):40–5. https://doi.org/10.1016/j.ijcard.2010.04.055.

9. Fang J, Mensah GA, Croft JB, Keenan NL. Heart failure-related
hospitalization in the U.S., 1979 to 2004. J Am Coll Cardiol.
2008;52(6):428–34. https://doi.org/10.1016/j.jacc.2008.03.061.

10. Zannad F, Agrinier N, Alla F. Heart failure burden and therapy.
Europace. 2009;11(Suppl 5):v1–9. https://doi.org/10.1093/
europace/eup304.

11. Diaz-Toro F, Verdejo HE, Castro PF. Socioeconomic inequalities
in heart failure. Heart Fail Clin. 2015;11(4):507–13. https://doi.
org/10.1016/j.hfc.2015.07.012.

12. Majani G, Pierobon A, Pinna GD, Giardini A, Maestri R, La
Rovere MT. Additive prognostic value of subjective assessment
with respect to clinical cardiological data in patients with chronic
heart failure. Eur J Cardiovasc Prev Rehabil. 2011;18(6):836–42.
https://doi.org/10.1177/1741826711398804.

13. LeBlanc TW, Abernethy AP. Patient-reported outcomes in cancer
care - hearing the patient voice at greater volume. Nat Rev Clin
Oncol. 2017;14(12):763–72. https://doi.org/10.1038/nrclinonc.
2017.153.

14. Kraai IH, Luttik ML, de Jong RM, Jaarsma T, Hillege HL. Heart
failure patients monitored with telemedicine: patient satisfaction, a
review of the literature. J Card Fail. 2011;17(8):684–90. https://
doi.org/10.1016/j.cardfail.2011.03.009.

15. Aldred H, Gott M, Gariballa S. Advanced heart failure: impact on
older patients and informal carers. J Adv Nurs. 2005;49(2):116–
24. https://doi.org/10.1111/j.1365-2648.2004.03271.x.

16. Pattenden JF, Roberts H, Lewin RJ. Living with heart failure;
patient and carer perspectives. Eur J Cardiovasc Nurs.
2007;6(4):273–9. https://doi.org/10.1016/j.ejcnurse.2007.01.097.

17. Gandarillas MA, Goswami N. Merging current health care trends:
innovative perspective in aging care. Clin Interv Aging. 2018;13:
2083–95. https://doi.org/10.2147/cia.S177286.

18. Schreyogg J, Baumler M, Busse R. Balancing adoption and af-
fordability of medical devices in Europe. Health Policy.
2009;92(2-3):218–24. https://doi.org/10.1016/j.healthpol.2009.
03.016.

19. The future of healthcare in Europe. In: Economist Intelligence
Unit. 2011. https://www.janssen.com/emea/sites/www_janssen_
com_emea/files/pdf/the_future_of_healthcare_in_europe.pdf.

20. Blumberg LJ, Waidmann TA, Blavin F, Roth J. Trends in health
care financial burdens, 2001 to 2009. Milbank Q. 2014;92(1):88–
113. https://doi.org/10.1111/1468-0009.12042.

21. Dhawan AP, Heetderks WJ, Pavel M, Acharya S, Akay M, Mairal
A, et al. Current and future challenges in point-of-care technolo-
gies: a paradigm-shift in affordable global healthcare with person-
alized and preventive medicine. IEEE J Transl Eng Health Med.
2015;3:2800110. https://doi.org/10.1109/jtehm.2015.2400919.

22. Hansson E, Ekman I, Swedberg K, Wolf A, Dudas K, Ehlers L,
et al. Person-centred care for patients with chronic heart failure - a
cost-utility analysis. Eur J Cardiovasc Nurs. 2016;15(4):276–84.
https://doi.org/10.1177/1474515114567035.

23. Cook C, Cole G, Asaria P, Jabbour R, Francis DP. The annual
global economic burden of heart failure. Int J Cardiol.
2014;171(3):368–76. https://doi.org/10.1016/j.ijcard.2013.12.
028.

24. Lyszczarz B. Indirect costs and public finance consequences of
heart failure in Poland, 2012-2015. BMC Public Health.
2018;18(1):1130–9. https://doi.org/10.1186/s12889-018-6034-0.

25. Brown DW, Haldeman GA, Croft JB, Giles WH, Mensah GA.
Racial or ethnic differences in hospitalization for heart failure
among elderly adults: Medicare, 1990 to 2000. Am Heart J.
2005;150(3):448–54. https://doi.org/10.1016/j.ahj.2004.11.010.

26. Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo
AP, et al. Temporal trends and patterns in heart failure incidence: a
population-based study of 4 million individuals. Lancet.

2018;391(10120):572–80. https://doi.org/10.1016/s0140-
6736(17)32520-5.

27. Jhund PS, Macintyre K, Simpson CR, Lewsey JD, Stewart S,
Redpath A, et al. Long-term trends in first hospitalization for heart
failure and subsequent survival between 1986 and 2003: a popu-
lation study of 5.1 million people. Circulation. 2009;119(4):515–
23. https://doi.org/10.1161/circulationaha.108.812172.

28. Hawkins NM, Jhund PS, McMurray JJ, Capewell S. Heart failure
and socioeconomic status: accumulating evidence of inequality.
Eur J Heart Fail. 2012;14(2):138–46. https://doi.org/10.1093/
eurjhf/hfr168.

29. KrumH, Forbes A, Yallop J, Driscoll A, Croucher J, Chan B, et al.
Telephone support to rural and remote patients with heart failure:
the Chronic Heart Failure Assessment by Telephone (CHAT)
study. Cardiovasc Ther. 2013;31(4):230–7. https://doi.org/10.
1111/1755-5922.12009.

30. Eurlings C, Boyne JJ, de Boer RA, Brunner-La Rocca HP.
Telemedicine in heart failure-more than nice to have? Neth Hear
J. 2019;27(1):5–15. https://doi.org/10.1007/s12471-018-1202-5.

31. Latifi R. The Modern Hospital - Patients centered, disease based,
research oriented, technology driven: Springer; 2019.

32. Golubnitschaja O, Costigliola V. Common origin but individual
outcomes: time for new guidelines in personalized healthcare. Per
Med. 2010;7(5):561–8. https://doi.org/10.2217/pme.10.42.

33. Golubnitschaja O, Baban B, Boniolo G, Wang W, Bubnov R,
Kapalla M, et al. Medicine in the early twenty-first century: para-
digm and anticipation - EPMA position paper 2016. EPMA J.
2016;7:23. https://doi.org/10.1186/s13167-016-0072-4.

34. Müller-WielandD, IckrathM, Bitzer B. Digitale Transformation in der
Diabetologie? Deutscher Gesundheitsbericht Diabetes 2019 2018.

35. Cowie MR, Bax J, Bruining N, Cleland JG, Koehler F, Malik M,
et al. e-Health: a position statement of the European Society of
Cardiology. Eur Heart J. 2016;37(1):63–6. https://doi.org/10.
1093/eurheartj/ehv416.

36. Senthong V, Kirsop JL, Tang WH. Clinical phenotyping of heart
failure with biomarkers: current and future perspectives. Curr
Heart Fail Rep. 2017;14(2):106–16. https://doi.org/10.1007/
s11897-017-0321-4.

37. Shah SJ, KitzmanDW, Borlaug BA, vanHeerebeek L, ZileMR, Kass
DA, et al. Phenotype-specific treatment of heart failure with preserved
ejection fraction: a multiorgan roadmap. Circulation. 2016;134(1):73–
90. https://doi.org/10.1161/circulationaha.116.021884.

38. Paez-Rubio MI, Carrasco-Sanchez FJ, Escobar-Cervantes C,
Sanchez-Gomez N, Santiago-Ruiz JL, Yebra-Yebra M, et al.
Heart failure with preserved and reduced ejection fraction: differ-
ent phenotypes in old-elderly patients? Eur J Intern Med.
2013;24(4):346–8. https://doi.org/10.1016/j.ejim.2013.01.018.

39. Reed BN, Sueta CA. A practical guide for the treatment of symp-
tomatic heart failure with reduced ejection fraction (HFrEF). Curr
Cardiol Rev. 2015;11(1):23–32.

40. van der Wal HH, van Deursen VM, van der Meer P, Voors AA.
Comorbidities in Heart Failure. Handbook of Experimental
Pharmacology. 2017; 243, pp. 35-66. https://doi.org/10.1007/
164_2017_27.

41. Dharmarajan K, Dunlay SM. Multimorbidity in older adults with
heart failure. Clin Geriatr Med. 2016;32(2):277–89. https://doi.
org/10.1016/j.cger.2016.01.002.

42. Jang TB, Aubin C, Naunheim R, Lewis LM, Kaji AH. The pre-
dictive value of physical examination findings in patients with
suspected acute heart failure syndrome. Intern Emerg Med.
2012;7(3):271–4. https://doi.org/10.1007/s11739-011-0729-x.

43. Simonavicius J, Knackstedt C, Brunner-La Rocca HP. Loop di-
uretics in chronic heart failure: how to manage congestion? Heart
Fail Rev. 2019;24(1):17–30. https://doi.org/10.1007/s10741-018-
9735-7.

461EPMA Journal (2019) 10:445–464

https://doi.org/10.1016/j.ijcard.2010.04.055
https://doi.org/10.1016/j.jacc.2008.03.061
https://doi.org/10.1093/europace/eup304
https://doi.org/10.1093/europace/eup304
https://doi.org/10.1016/j.hfc.2015.07.012
https://doi.org/10.1016/j.hfc.2015.07.012
https://doi.org/10.1177/1741826711398804
https://doi.org/10.1038/nrclinonc.2017.153
https://doi.org/10.1038/nrclinonc.2017.153
https://doi.org/10.1016/j.cardfail.2011.03.009
https://doi.org/10.1016/j.cardfail.2011.03.009
https://doi.org/10.1111/j.1365-2648.2004.03271.x
https://doi.org/10.1016/j.ejcnurse.2007.01.097
https://doi.org/10.2147/cia.S177286
https://doi.org/10.1016/j.healthpol.2009.03.016
https://doi.org/10.1016/j.healthpol.2009.03.016
https://www.janssen.com/emea/sites/www_janssen_com_emea/files/pdf/the_future_of_healthcare_in_europe.pdf
https://www.janssen.com/emea/sites/www_janssen_com_emea/files/pdf/the_future_of_healthcare_in_europe.pdf
https://doi.org/10.1111/1468-0009.12042
https://doi.org/10.1109/jtehm.2015.2400919
https://doi.org/10.1177/1474515114567035
https://doi.org/10.1016/j.ijcard.2013.12.028
https://doi.org/10.1016/j.ijcard.2013.12.028
https://doi.org/10.1186/s12889-018-6034-0
https://doi.org/10.1016/j.ahj.2004.11.010
https://doi.org/10.1016/s0140-6736(17)32520-5
https://doi.org/10.1016/s0140-6736(17)32520-5
https://doi.org/10.1161/circulationaha.108.812172
https://doi.org/10.1093/eurjhf/hfr168
https://doi.org/10.1093/eurjhf/hfr168
https://doi.org/10.1111/1755-5922.12009
https://doi.org/10.1111/1755-5922.12009
https://doi.org/10.1007/s12471-018-1202-5
https://doi.org/10.2217/pme.10.42
https://doi.org/10.1186/s13167-016-0072-4
https://doi.org/10.1093/eurheartj/ehv416
https://doi.org/10.1093/eurheartj/ehv416
https://doi.org/10.1007/s11897-017-0321-4
https://doi.org/10.1007/s11897-017-0321-4
https://doi.org/10.1161/circulationaha.116.021884
https://doi.org/10.1016/j.ejim.2013.01.018
https://doi.org/10.1007/164_2017_27
https://doi.org/10.1007/164_2017_27
https://doi.org/10.1016/j.cger.2016.01.002
https://doi.org/10.1016/j.cger.2016.01.002
https://doi.org/10.1007/s11739-011-0729-x
https://doi.org/10.1007/s10741-018-9735-7
https://doi.org/10.1007/s10741-018-9735-7


44. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B,
et al. 2016 ESC Guidelines for the management of atrial fibrilla-
tion developed in collaboration with EACTS. Eur Heart J.
2016;37(38):2893–962. https://doi.org/10.1093/eurheartj/
ehw210.

45. Bowman BN, Nawarskas JJ, Anderson JR. Treating diuretic resis-
tance: an overview. Cardiol Rev. 2016;24(5):256–60. https://doi.
org/10.1097/crd.0000000000000116.

46. Sica DA. Pharmacotherapy in congestive heart failure: drug ab-
sorption in the management of congestive heart failure: loop di-
uretics. Congest Heart Fail. 2003;9(5):287–92.

47. Curioni-Fontecedro A. A new era of oncology through artificial
intelligence. ESMO Open. 2017;2(2):e000198. https://doi.org/10.
1136/esmoopen-2017-000198.

48. Gegenhuber A, Mueller T, Firlinger F, Lenz K, Poelz W,
Haltmayer M. Time course of B-type natriuretic peptide (BNP)
and N-terminal proBNP changes in patients with decompensated
heart failure. Clin Chem. 2004;50(2):454–6. https://doi.org/10.
1373/clinchem.2003.028712.

49. Testani JM, Brisco MA, Kociol RD, Jacoby D, Bellumkonda L,
Parikh CR, et al. Substantial discrepancy between fluid and weight
loss during acute decompensated heart failure treatment. Am J
Med. 2015;128(7):776–83.e4. https://doi.org/10.1016/j.amjmed.
2014.12.020.

50. Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo
MR, Stevenson LW, et al. Wireless pulmonary artery haemody-
namic monitoring in chronic heart failure: a randomised controlled
trial. Lancet. 2011;377(9766):658–66.

51. Freedman TG. 'The doctor knows best' revisited: physician per-
spectives. Psychooncology. 2002;11(4):327–35. https://doi.org/
10.1002/pon.573.

52. Wilson J. Patients' wants versus patients' interests. J Med Ethics.
1986;12(3):127–32.

53. Mackie BR, Mitchell M, Marshall AP. Patient and family mem-
bers' perceptions of family participation in care on acute care
wards. Scand J Caring Sci. 2018. https://doi.org/10.1111/scs.
12631.

54. Evangelista LS, ShinnickMA.What dowe know about adherence
and self-care? J Cardiovasc Nurs. 2008;23(3):250–7. https://doi.
org/10.1097/01.JCN.0000317428.98844.4d.

55. Hanucharurnkui S, Vinya-nguag P. Effects of promoting patients'
participation in self-care on postoperative recovery and satisfac-
tion with care. Nurs Sci Q. 1991;4(1):14–20. https://doi.org/10.
1177/089431849100400106.

56. DeMonaco HJ, von Hippel E. Reducing medical costs and im-
proving quality via self-management tools. PLoS Med.
2007;4(4):e104. https://doi.org/10.1371/journal.pmed.0040104.

57. Mitchell RJ, Bates P. Measuring health-related productivity loss.
Popul Health Manag. 2011;14(2):93–8. https://doi.org/10.1089/
pop.2010.0014.

58. Sarasohn-Kahn J. A role for patients: the argument for self-care.
Am J Prev Med. 2013;44(1 Suppl 1):S16–8. https://doi.org/10.
1016/j.amepre.2012.09.019.

59. America IoMUCoQoHCi. A New Health System for the 21st
Century. Washington DC: National Academies Press (US); 2001.

60. Robbins D, Dunn P. Digital health literacy in a person-centric
world. Int J Cardiol. 2019. https://doi.org/10.1016/j.ijcard.2019.
05.033.

61. Picker Institute Europe. 2019. https://www.picker.org/about-us/
picker-principles-of-person-centred-care/.

62. Ferguson S, Swan M, Smaldone A. Does diabetes self-
management education in conjunction with primary care improve
glycemic control in Hispanic patients? A systematic review and
meta-analysis. Diabetes Educ. 2015;41(4):472–84. https://doi.
org/10.1177/0145721715584404.

63. Virani SA, Sharma V, McCann M, Koehler J, Tsang B, Zieroth S.
Prospective evaluation of integrated device diagnostics for heart
failure management: results of the TRIAGE-HF study. ESC Heart
Fail. 2018;5(5):809–17. https://doi.org/10.1002/ehf2.12309.

64. Bushnell FK. Self-care teaching for congestive heart failure pa-
tients. J Gerontol Nurs. 1992;18(10):27–32.

65. Mueller TM, Vuckovic KM, Knox DA, Williams RE.
Telemanagement of heart failure: a diuretic treatment algorithm
for advanced practice nurses. Heart Lung. 2002;31(5):340–7.

66. Schwartz CL, Seyed-Safi A, Haque S, Bray EP, Greenfield S,
Hobbs FDR, et al. Do patients actually do what we ask: patient
fidelity and persistence to the Targets and Self-Management for
the Control of Blood Pressure in Stroke and at Risk Groups blood
pressure self-management intervention. J Hypertens. 2018;36(8):
1753–61. https://doi.org/10.1097/hjh.0000000000001738.

67. Jessen S, Mirkovic J, Ruland CM. Creating gameful design in
mHealth: a participatory co-design approach. JMIR Mhealth
Uhealth. 2018;6(12):e11579. https://doi.org/10.2196/11579.

68. Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K,
Kirwan BA, et al. Efficacy of telemedical interventional manage-
ment in patients with heart failure (TIM-HF2): a randomised, con-
trolled, parallel-group, unmasked trial. Lancet. 2018;392(10152):
1047–57. https://doi.org/10.1016/s0140-6736(18)31880-4.

69. Eysenbach G. What is e-health? J Med Internet Res. 2001;3(2):
E20. https://doi.org/10.2196/jmir.3.2.e20.

70. Berenschot L, Hurkmans E, van den Bergen K, Nieuwdorp C,
Huis in 't Veld T. The role of medical technologies and devices
for patient-centred care. 2018. https://www.rijksoverheid.nl/
binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-
role-of-medical-technologies-and-devices-for-patient-centred-
care-engels/the-role-of-medical-technologies-and-devices-for-
patient-centred-care-engels.pdf.

71. De Jonge H. Kamerbrief over aanbieding e-healthmonitor 2018.
2018. https://www.rijksoverheid.nl/binaries/rijksoverheid/
documenten/kamerstukken/2018/12/04/kamerbrief-over-
aanbieding-e-healthmonitor-2018/kamerbrief-over-aanbieding-e-
healthmonitor-2018.pdf.

72. Wouters M, Swinkels I, Sinnige J, de Jong J, Brabers A, van
Lettow B et al. eHealth-monitor 2018: e-health in verschillende
snelheden. 2018. https://www.nictiz.nl/wp-content/uploads/2018/
11/eHealth-monitor_tabellenbijlage_2018_digitaal.pdf.

73. Goldberg HS, Morales A, Gottlieb L, Meador L, Safran C.
Reinventing patient-centered computing for the twenty-first cen-
tury. Stud Health Technol Inform. 2001;84(Pt 2):1455–8.

74. Kooij L, Groen WG, van Harten WH. The effectiveness of infor-
mation technology-supported shared care for patients with chronic
disease: a systematic review. JMed Internet Res. 2017;19(6):e221.
https://doi.org/10.2196/jmir.7405.

75. Sieverink F. Opening the black box of eHealth: a mixed methods
approach for the evaluation of personal health records. Enschede,
the Netherlands: University of Twente; 2017.

76. Belkora J. Patients make better medical choices with coaching. In:
Harvard Business Review. 2016. https://hbr.org/2016/11/patients-
make-better-medical-choices-with-coaching.

77. Chou Y-k. Gamification and behavioral design. 2017. https://
yukaichou.com/.

78. Workman B. Gamification: companies of all sizes are using this
strategy to win customers And pummel competitors. 2013. https://
www.businessinsider.com/the-growing-gamification-market-
2013-11?international=true&r=US&IR=T.

79. Nacke LE, Deterding CS. The maturing of gamification research.
Comput Hum Behav. 2017;71:450–4.

80. Morschheuser B, Werder K, Hamari J, Abe J. How to gamify? A
method for designing gamification. Hawaii International Conference
on System Sciences (HICSS); Hawaii, USA2017. p. 1298-307.

462 EPMA Journal (2019) 10:445–464

https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1097/crd.0000000000000116
https://doi.org/10.1097/crd.0000000000000116
https://doi.org/10.1136/esmoopen-2017-000198
https://doi.org/10.1136/esmoopen-2017-000198
https://doi.org/10.1373/clinchem.2003.028712
https://doi.org/10.1373/clinchem.2003.028712
https://doi.org/10.1016/j.amjmed.2014.12.020
https://doi.org/10.1016/j.amjmed.2014.12.020
https://doi.org/10.1002/pon.573
https://doi.org/10.1002/pon.573
https://doi.org/10.1111/scs.12631
https://doi.org/10.1111/scs.12631
https://doi.org/10.1097/01.JCN.0000317428.98844.4d
https://doi.org/10.1097/01.JCN.0000317428.98844.4d
https://doi.org/10.1177/089431849100400106
https://doi.org/10.1177/089431849100400106
https://doi.org/10.1371/journal.pmed.0040104
https://doi.org/10.1089/pop.2010.0014
https://doi.org/10.1089/pop.2010.0014
https://doi.org/10.1016/j.amepre.2012.09.019
https://doi.org/10.1016/j.amepre.2012.09.019
https://doi.org/10.1016/j.ijcard.2019.05.033
https://doi.org/10.1016/j.ijcard.2019.05.033
https://www.picker.org/about-us/picker-principles-of-person-centred-care/
https://www.picker.org/about-us/picker-principles-of-person-centred-care/
https://doi.org/10.1177/0145721715584404
https://doi.org/10.1177/0145721715584404
https://doi.org/10.1002/ehf2.12309
https://doi.org/10.1097/hjh.0000000000001738
https://doi.org/10.2196/11579
https://doi.org/10.1016/s0140-6736(18)31880-4
https://doi.org/10.2196/jmir.3.2.e20
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2018/09/27/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels/the-role-of-medical-technologies-and-devices-for-patient-centred-care-engels.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/kamerstukken/2018/12/04/kamerbrief-over-aanbieding-e-healthmonitor-2018/kamerbrief-over-aanbieding-e-healthmonitor-2018.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/kamerstukken/2018/12/04/kamerbrief-over-aanbieding-e-healthmonitor-2018/kamerbrief-over-aanbieding-e-healthmonitor-2018.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/kamerstukken/2018/12/04/kamerbrief-over-aanbieding-e-healthmonitor-2018/kamerbrief-over-aanbieding-e-healthmonitor-2018.pdf
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/kamerstukken/2018/12/04/kamerbrief-over-aanbieding-e-healthmonitor-2018/kamerbrief-over-aanbieding-e-healthmonitor-2018.pdf
https://www.nictiz.nl/wp-content/uploads/2018/11/eHealth-monitor_tabellenbijlage_2018_digitaal.pdf
https://www.nictiz.nl/wp-content/uploads/2018/11/eHealth-monitor_tabellenbijlage_2018_digitaal.pdf
https://doi.org/10.2196/jmir.7405
https://hbr.org/2016/11/patients-make-better-medical-choices-with-coaching
https://hbr.org/2016/11/patients-make-better-medical-choices-with-coaching
https://yukaichou.com/
https://yukaichou.com/
https://www.businessinsider.com/the-growing-gamification-market-2013-11?international=true&r=US&IR=T
https://www.businessinsider.com/the-growing-gamification-market-2013-11?international=true&r=US&IR=T
https://www.businessinsider.com/the-growing-gamification-market-2013-11?international=true&r=US&IR=T


81. Cognizant. Gamification for insurers: a practitioner’s perspective.
2017. https://www.cognizant.com/whitepapers/gamification-for-
insurers-a-practitioner-s-perspective-codex2268.pdf.

82. DIDGET Blood Glucose Meter - Plugs into Nintendo DS, from
Bayer. https://www.news-medical.net/DIDGET-Blood-Glucose-
Meter-Plugs-into-Nintendo-DS-from-Bayer.

83. Lee JJ, Hammer J. Gamification in education: what, how, why
bother? Acad Exch Q. 2011;15:1–5.

84. Hart WE. Locally-adaptive and memetic evolutionary pattern
search algorithms. Evol Comput. 2003;11(1):29–51. https://doi.
org/10.1162/106365603321828998.

85. Ontrup J, Ritter H. Large-scale data exploration with the hierar-
chically growing hyperbolic SOM. Neural Netw. 2006;19(6-7):
751–61. https://doi.org/10.1016/j.neunet.2006.05.015.

86. Moon H, Ahn H, Kodell RL, Baek S, Lin CJ, Chen JJ. Ensemble
methods for classification of patients for personalized medicine
with high-dimensional data. Artif Intell Med. 2007;41(3):197–
207. https://doi.org/10.1016/j.artmed.2007.07.003.

87. Johnson DS, Hoeting JA. Autoregressive models for capture-
recapture data: a Bayesian approach. Biometrics. 2003;59(2):
341–50.

88. Hammer B, Micheli A, Sperduti A, Strickert M. Recursive self-
organizing network models. Neural Netw. 2004;17(8-9):1061–85.
https://doi.org/10.1016/j.neunet.2004.06.009.

89. Knowles JD, Corne DW. Approximating the nondominated front
using the Pareto Archived Evolution Strategy. Evol Comput.
2000;8(2):149–72. https://doi.org/10.1162/106365600568167.

90. Carpenter GA, Grossberg S, Markuzon N, Reynolds JH, Rosen
DB, Fuzzy ARTMAP. A neural network architecture for incre-
mental supervised learning of analog multidimensional maps.
IEEE Trans Neural Netw. 1992;3(5):698–713. https://doi.org/10.
1109/72.159059.

91. Batra G, Queirolo A, Santhanam N. Artificial intelligence: the
time to act is now. McKinsey & Company. 2018. https://www.
mckinsey.com/industries/advanced-electronics/our-insights/
artificial-intelligence-the-time-to-act-is-now?cid=eml-web.

92. Jones LD, Golan D, Hanna SA, Ramachandran M. Artificial in-
telligence, machine learning and the evolution of healthcare: a
bright future or cause for concern? Bone Joint Res. 2018;7(3):
223–5. https://doi.org/10.1302/2046-3758.73.Bjr-2017-0147.R1.

93. CollierMD, FuRN, Yin L. Artificial intelligence: healthcare's new
nervous system. Accenture. 2017. https://www.accenture.com/au-
en/insight-artificial-intelligence-healthcare.

94. Castaneda C, Nalley K, Mannion C, Bhattacharyya P, Blake P,
Pecora A, et al. Clinical decision support systems for improving
diagnostic accuracy and achieving precision medicine. J Clin
Bioinform. 2015;5:4. https://doi.org/10.1186/s13336-015-0019-3.

95. Swetlitz I. Watson goes to Asia as hospitals use supercomputer for
cancer treatment. PBS. 2016. https://www.pbs.org/newshour/
health/hospitals-use-supercomputer-cancer-treatment.

96. Rupert DJ, Squiers LB, Renaud JM, Whitehead NS, Osborn RJ,
Furberg RD, et al. Communicating risk of hereditary breast and
ovarian cancer with an interactive decision support tool. Patient
Educ Couns. 2013;92(2):188–96. https://doi.org/10.1016/j.pec.
2013.04.008.

97. Benali R, Bereksi Reguig F, Hadj SZ. Automatic classification of
heartbeats using wavelet neural network. J Med Syst. 2012;36(2):
883–92. https://doi.org/10.1007/s10916-010-9551-7.

98. De Fauw J, Ledsam JR, Romera-Paredes B, Nikolov S, Tomasev
N, Blackwell S, et al. Clinically applicable deep learning for diag-
nosis and referral in retinal disease. Nat Med. 2018;24(9):1342–
50. https://doi.org/10.1038/s41591-018-0107-6.

99. Zellweger MJ, Tsirkin A, Vasilchenko V, Failer M, Dressel A,
Kleber ME, et al. A new non-invasive diagnostic tool in coronary
artery disease: artificial intelligence as an essential element of

predictive, preventive, and personalized medicine. EPMA J.
2018;9(3):235–47. https://doi.org/10.1007/s13167-018-0142-x.

100. Guo Y, Chen Y, Lane DA, Liu L, Wang Y, Lip GYH. Mobile
health technology for atrial fibrillation management integrating
decision support, education, and patient involvement: mAF app
trial. Am J Med. 2017;130(12):1388–96.e6. https://doi.org/10.
1016/j.amjmed.2017.07.003.

101. Bain EE, Shafner L, Walling DP, Othman AA, Chuang-Stein C,
Hinkle J, et al. Use of a novel artificial intelligence platform on
mobile devices to assess dosing compliance in a phase 2 clinical
trial in subjects with schizophrenia. JMIR mHealth uHealth.
2017;5(2):e18. https://doi.org/10.2196/mhealth.7030.

102. Labovitz DL, Shafner L, Reyes Gil M, Virmani D, Hanina A.
Using artificial intelligence to reduce the risk of nonadherence in
patients on anticoagulation therapy. Stroke. 2017;48(5):1416–9.
https://doi.org/10.1161/strokeaha.116.016281.

103. Bickmore TW, Schulman D, Sidner C. Automated interventions
for multiple health behaviors using conversational agents. Patient
Educ Couns. 2013;92(2):142–8. https://doi.org/10.1016/j.pec.
2013.05.011.

104. StumpeM, Peng L. Assisting pathologists in detecting cancer with
deep learning 2017. https://ai.googleblog.com/2017/03/assisting-
pathologists-in-detecting.html.

105. Fingas J. Speedy AI image analysis could help doctors during
surgery. 2018.

106. Wang Z, Shah AD, Tate AR, Denaxas S, Shawe-Taylor J,
Hemingway H. Extracting diagnoses and investigation results
from unstructured text in electronic health records by semi-
supervised machine learning. PLoS One. 2012;7(1):e30412.
https://doi.org/10.1371/journal.pone.0030412.

107. Kozic N, Weber S, Buchler P, Lutz C, Reimers N, Gonzalez
Ballester MA, et al. Optimisation of orthopaedic implant design
using statistical shape space analysis based on level sets. Med
Image Anal. 2010;14(3):265–75. https://doi.org/10.1016/j.media.
2010.02.008.

108. van IEA, Valstar ER, Stoel BC, Nelissen RG, Baka N, Van't
Klooster R et al. Three dimensional measurement of minimum
joint space width in the knee from stereo radiographs using statis-
tical shapemodels. Bone Joint Res 2016;5(8):320-327. doi:https://
doi.org/10.1302/2046-3758.58.2000626.

109. Karthik K, Colegate-Stone T, Dasgupta P, Tavakkolizadeh A,
Sinha J. Robotic surgery in trauma and orthopaedics: a systematic
review. Bone Joint J. 2015;97-b(3):292–9. https://doi.org/10.
1302/0301-620x.97b3.35107.

110. Shameer K, Johnson KW, Glicksberg BS, Dudley JT, Sengupta
PP.Machine learning in cardiovascular medicine: are we there yet?
Heart. 2018;104(14):1156–64. https://doi.org/10.1136/heartjnl-
2017-311198.

111. Wahl B, Cossy-Gantner A, Germann S, Schwalbe NR. Artificial
intelligence (AI) and global health: how can AI contribute to
health in resource-poor settings? BMJ Glob Health. 2018;3(4):
e000798. https://doi.org/10.1136/bmjgh-2018-000798.

112. Onu CC, Udeogu I, Ndiomu E, Kengni U, Precup D, Sant'anna M
et al. Ubenwa: Cry-based Diagnosis of Birth Asphyxia. arxiv.org.
2017. https://arxiv.org/abs/1711.06405.

113. Makary MA, Daniel M. Medical error-the third leading cause of
death in the US. BMJ. 2016;353:i2139. https://doi.org/10.1136/
bmj.i2139.

114. Bioethics NCo. Artificial intelligence (AI) in healthcare and re-
search. 2018. http://nuffieldbioethics.org/project/briefing-notes/
artificial-intelligence-ai-healthcare-research.

115. Finlayson SG, Won Chung H, Kohane IS, Beam AL. Adversarial
attacks against medical deep learning systems. 2018. https://arxiv.
org/abs/1804.05296.

116. Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, et al. Artificial
intelligence in healthcare: past, present and future. Stroke Vasc

463EPMA Journal (2019) 10:445–464

https://www.cognizant.com/whitepapers/gamification-for-insurers-a-practitioner-s-perspective-codex2268.pdf
https://www.cognizant.com/whitepapers/gamification-for-insurers-a-practitioner-s-perspective-codex2268.pdf
https://www.news-medical.net/DIDGET-Blood-Glucose-Meter-Plugs-into-Nintendo-DS-from-Bayer
https://www.news-medical.net/DIDGET-Blood-Glucose-Meter-Plugs-into-Nintendo-DS-from-Bayer
https://doi.org/10.1162/106365603321828998
https://doi.org/10.1162/106365603321828998
https://doi.org/10.1016/j.neunet.2006.05.015
https://doi.org/10.1016/j.artmed.2007.07.003
https://doi.org/10.1016/j.neunet.2004.06.009
https://doi.org/10.1162/106365600568167
https://doi.org/10.1109/72.159059
https://doi.org/10.1109/72.159059
https://www.mckinsey.com/industries/advanced-electronics/our-insights/artificial-intelligence-the-time-to-act-is-now?cid=eml-web
https://www.mckinsey.com/industries/advanced-electronics/our-insights/artificial-intelligence-the-time-to-act-is-now?cid=eml-web
https://www.mckinsey.com/industries/advanced-electronics/our-insights/artificial-intelligence-the-time-to-act-is-now?cid=eml-web
https://doi.org/10.1302/2046-3758.73.Bjr-2017-0147.R1
https://www.accenture.com/au-en/insight-artificial-intelligence-healthcare
https://www.accenture.com/au-en/insight-artificial-intelligence-healthcare
https://doi.org/10.1186/s13336-015-0019-3
https://www.pbs.org/newshour/health/hospitals-use-supercomputer-cancer-treatment
https://www.pbs.org/newshour/health/hospitals-use-supercomputer-cancer-treatment
https://doi.org/10.1016/j.pec.2013.04.008
https://doi.org/10.1016/j.pec.2013.04.008
https://doi.org/10.1007/s10916-010-9551-7
https://doi.org/10.1038/s41591-018-0107-6
https://doi.org/10.1007/s13167-018-0142-x
https://doi.org/10.1016/j.amjmed.2017.07.003
https://doi.org/10.1016/j.amjmed.2017.07.003
https://doi.org/10.2196/mhealth.7030
https://doi.org/10.1161/strokeaha.116.016281
https://doi.org/10.1016/j.pec.2013.05.011
https://doi.org/10.1016/j.pec.2013.05.011
https://ai.googleblog.com/2017/03/assisting-pathologists-in-detecting.html
https://ai.googleblog.com/2017/03/assisting-pathologists-in-detecting.html
https://doi.org/10.1371/journal.pone.0030412
https://doi.org/10.1016/j.media.2010.02.008
https://doi.org/10.1016/j.media.2010.02.008
https://doi.org/10.1302/2046-3758.58.2000626
https://doi.org/10.1302/2046-3758.58.2000626
https://doi.org/10.1302/0301-620x.97b3.35107
https://doi.org/10.1302/0301-620x.97b3.35107
https://doi.org/10.1136/heartjnl-2017-311198
https://doi.org/10.1136/heartjnl-2017-311198
https://doi.org/10.1136/bmjgh-2018-000798
http://arxiv.org
https://arxiv.org/abs/1711.06405
https://doi.org/10.1136/bmj.i2139
https://doi.org/10.1136/bmj.i2139
http://nuffieldbioethics.org/project/briefing-notes/artificial-intelligence-ai-healthcare-research
http://nuffieldbioethics.org/project/briefing-notes/artificial-intelligence-ai-healthcare-research
https://arxiv.org/abs/1804.05296
https://arxiv.org/abs/1804.05296


Neurol. 2017;2(4):230–43. https://doi.org/10.1136/svn-2017-
000101.

117. Krüger-Brand HE, Osterloh F. Elektronische Patientenakte: Viele
Modelle – noch keine Strategie. Dtsch Arztebl Int. 2017;114(43):
1960–6.

118. Chatterjee A. Use of Artificial Intelligence to reduce Medical
Errors. 2018.

119. Graham J. Artificial intelligence, machine learning, and the FDA.
2016. https://www.forbes.com/sites/theapothecary/2016/08/19/
artificial-intelligence-machine-learning-and-the-fda/#
5be8675d1aa1.

120. Gale SC, Shiroff AM, Donovan CM, Rhodes SC, Rhodes JS,
Gracias VH. Medical management at the health care facility.
Ann Emerg Med. 2017;69(1s):S36–s45. https://doi.org/10.1016/
j.annemergmed.2016.09.009.

121. DeVore AD, Thomas L, Albert NM, Butler J, Hernandez AF,
Patterson JH, et al. Change the management of patients with heart
failure: rationale and design of the CHAMP-HF registry. AmHeart J.
2017;189:177–83. https://doi.org/10.1016/j.ahj.2017.04.010.

122. Chesbrough H. Business model innovation: opportunities and bar-
riers. Long Range Plan. 2010;43:354–63.

123. Koolen C, van Cranenburgh A. These are not the stereotypes you
are looking for: bias and fairness in authorial gender attribution In:
Hovy D, Spruit S, Mitchell M, Bender EM, Strube M, Wallach H,
editors. Proceedings of the First ACL Workshop on Ethics in
Natural Language Processing Vaencia, Spain; 2017. p. 12-22.

124. Buolamwini J, Gebru T. Gender Shades: Intersectional Accuracy
Disparities in Commercial Gender Classification. In: Sorelle AF,
ChristoW, editors. Proceedings of the 1st Conference on Fairness,
Accountability and Transparency; Proceedings of Machine
Learning Research: PMLR; 2018. p. 77–91.

125. Gijsberts CM, Groenewegen KA, Hoefer IE, Eijkemans MJ,
Asselbergs FW, Anderson TJ, et al. Race/ethnic differences in
the associations of the Framingham risk factors with carotid
IMT and cardiovascular events. PLoS One. 2015;10(7):
e0132321. https://doi.org/10.1371/journal.pone.0132321.

126. Ponikowski P, VoorsAA,Anker SD,BuenoH, Cleland JG, CoatsAJ,
et al. 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of
Cardiology (ESC)Developed with the special contribution of the
Heart Failure Association (HFA) of the ESC. Eur Heart J.
2016;37(27):2129–200. https://doi.org/10.1093/eurheartj/ehw128.

127. Timmermans J, Stahl BC, Ikonen V, Bozdag E, editors. The ethics
of cloud computing: a conceptual review. 2010 IEEE Second
International Conference on Cloud Computing Technology and
Science; 2010 30 Nov.-3 Dec. 2010.

128. Doshi-Velez F, Kortz M. Accountability of AI under the law: the
role of explanation. In: Berkman Klein Center Working Group on
Explanation and the Law, Berkman Klein Center for Internet &
Society working paper. 2017. https://dash.harvard.edu/handle/1/
34372584.

129. He J, Baxter SL, Xu J, Xu J, Zhou X, Zhang K. The practical imple-
mentation of artificial intelligence technologies inmedicine. NatMed.
2019;25(1):30–6. https://doi.org/10.1038/s41591-018-0307-0.

130. Sussillo D, Barak O. Opening the black box: low-dimensional dynam-
ics in high-dimensional recurrent neural networks. Neural Comput.
2013;25(3):626–49. https://doi.org/10.1162/NECO_a_00409.

131. Kingston J. Using artificial intelligence to support compliance
with the general data protection regulation. Artif Intell Law.
2017;25(4):429–43.

132. McDougall RJ. Computer knows best? The need for value-
flexibility in medical AI. J Med Ethics. 2019;45(3):156–60.
https://doi.org/10.1136/medethics-2018-105118.

133. Ebel MD, Stellamanns J, Keinki C, Rudolph I, Huebner J. Cancer
patients and the Internet: a survey among German cancer patients.
J Cancer Educ. 2017;32(3):503–8. https://doi.org/10.1007/
s13187-015-0945-6.

134. Tan SS, GoonawardeneN. Internet health information seeking and
the patient-physician relationship: a systematic review. J Med
Internet Res. 2017;19(1):e9. https://doi.org/10.2196/jmir.5729.

135. Beauchamp TL, Childress JF. Principles of biomedical ethics.
New York, Oxford: Oxford University Press; 2013.

136. Shuren J, Califf RM. Need for a national evaluation system for
health technology. JAMA. 2016;316(11):1153–4. https://doi.org/
10.1001/jama.2016.8708.

137. Heßling A, Schicktanz S. What German experts expect from indi-
vidualized medicine: problems of uncertainty and future compli-
cation in physician–patient interaction. Clin Ethics. 2012;7(2):86–
93. https://doi.org/10.1258/ce.2012.12-001.

138. Stewart MA. Effective physician-patient communication and
health outcomes: a review. Cmaj. 1995;152(9):1423–33.

139. Stewart MA, McWhinney IR, Buck CW. The doctor/patient rela-
tionship and its effect upon outcome. J R Coll Gen Pract.
1979;29(199):77–81.

140. Gordon C, Beresin EV. The doctor-patient relationship. In: Stern
TA, Fava M, Wilens TE, et al., editors. Massachusetts General
Hospital Comprehensive Clinical Psychiatry. Philadelphia:
Elsevier Health Sciences; 2016. p. 1–7.

141. Woolhandler S, Himmelstein DU. Administrative work consumes
one-sixth of U.S. physicians' working hours and lowers their ca-
reer satisfaction. Int J Health Serv: Plan Adm Eval. 2014;44(4):
635–42. https://doi.org/10.2190/HS.44.4.a.

142. Pinto Dos Santos D, Giese D, Brodehl S, Chon SH, Staab W,
Kleinert R et al. Medical students' attitude towards artificial intel-
ligence: a multicentre survey. Eur Radiol. 2018. https://doi.org/10.
1007/s00330-018-5601-1.

143. Luo Y, Ahmad FS, Shah SJ. Tensor factorization for precision
medicine in heart failure with preserved ejection fraction. J
Cardiovasc Transl Res. 2017;10(3):305–12. https://doi.org/10.
1007/s12265-016-9727-8.

144. Israni ST, Verghese A. Humanizing artificial intelligence. JAMA.
2019;321(1):29–30. https://doi.org/10.1001/jama.2018.19398.

145. Alonso-Betanzos A, Bolon-Canedo V. Big-Data Analysis, Cluster
analysis, and machine-learning approaches. Adv Exp Med Biol.
2018;1065:607–26. https://doi.org/10.1007/978-3-319-77932-4_37.

146. Brunner-La Rocca HP, Fleischhacker L, Golubnitschaja O,
Heemskerk F, Helms T, Hoedemakers T, et al. Challenges in
personalised management of chronic diseases-heart failure as
prominent example to advance the care process. EPMA J.
2016;7:2–9. https://doi.org/10.1186/s13167-016-0051-9.

147. Golubnitschaja O, Costigliola V, EPMA. General report & recom-
mendations in predictive, preventive and personalised medicine
2012: white paper of the European Association for Predictive,
Preventive and Personalised Medicine. EPMA J. 2012;3(1):14.
https://doi.org/10.1186/1878-5085-3-14.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

464 EPMA Journal (2019) 10:445–464

https://doi.org/10.1136/svn-2017-000101
https://doi.org/10.1136/svn-2017-000101
https://www.forbes.com/sites/theapothecary/2016/08/19/artificial-intelligence-machine-learning-and-the-fda/#5be8675d1aa1
https://www.forbes.com/sites/theapothecary/2016/08/19/artificial-intelligence-machine-learning-and-the-fda/#5be8675d1aa1
https://www.forbes.com/sites/theapothecary/2016/08/19/artificial-intelligence-machine-learning-and-the-fda/#5be8675d1aa1
https://doi.org/10.1016/j.annemergmed.2016.09.009
https://doi.org/10.1016/j.annemergmed.2016.09.009
https://doi.org/10.1016/j.ahj.2017.04.010
https://doi.org/10.1371/journal.pone.0132321
https://doi.org/10.1093/eurheartj/ehw128
https://dash.harvard.edu/handle/1/34372584
https://dash.harvard.edu/handle/1/34372584
https://doi.org/10.1038/s41591-018-0307-0
https://doi.org/10.1162/NECO_a_00409
https://doi.org/10.1136/medethics-2018-105118
https://doi.org/10.1007/s13187-015-0945-6
https://doi.org/10.1007/s13187-015-0945-6
https://doi.org/10.2196/jmir.5729
https://doi.org/10.1001/jama.2016.8708
https://doi.org/10.1001/jama.2016.8708
https://doi.org/10.1258/ce.2012.12-001
https://doi.org/10.2190/HS.44.4.a
https://doi.org/10.1007/s00330-018-5601-1
https://doi.org/10.1007/s00330-018-5601-1
https://doi.org/10.1007/s12265-016-9727-8
https://doi.org/10.1007/s12265-016-9727-8
https://doi.org/10.1001/jama.2018.19398
https://doi.org/10.1007/978-3-319-77932-4_37
https://doi.org/10.1186/s13167-016-0051-9
https://doi.org/10.1186/1878-5085-3-14


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Barrett, M;Boyne, J;Brandts, J;Brunner-La Rocca, H-P;De Maesschalck, L;De Wit, K;Dixon,
L;Eurlings, C;Fitzsimons, D;Golubnitschaja, O;Hageman, A;Heemskerk, F;Hintzen, A;Helms,
TM;Hill, L;Hoedemakers, T;Marx, N;McDonald, K;Mertens, M;Mueller-Wieland, D;Palant,
A;Piesk, J;Pomazanskyi, A;Ramaekers, J;Ruff, P;Schuett, K;Shekhawat, Y;Ski, CF;Thompson,
DR;Tsirkin, A;van der Mierden, K;Watson, C;Zippel-Schultz, B

Title:
Artificial intelligence supported patient self-care in chronic heart failure: a paradigm shift
from reactive to predictive, preventive and personalised care

Date:
2019-11-22

Citation:
Barrett, M., Boyne, J., Brandts, J., Brunner-La Rocca, H. -P., De Maesschalck, L., De Wit,
K., Dixon, L., Eurlings, C., Fitzsimons, D., Golubnitschaja, O., Hageman, A., Heemskerk, F.,
Hintzen, A., Helms, T. M., Hill, L., Hoedemakers, T., Marx, N., McDonald, K., Mertens, M. ,...
Zippel-Schultz, B. (2019). Artificial intelligence supported patient self-care in chronic heart
failure: a paradigm shift from reactive to predictive, preventive and personalised care. EPMA
JOURNAL, 10 (4), pp.445-464. https://doi.org/10.1007/s13167-019-00188-9.

Persistent Link:
http://hdl.handle.net/11343/271606

License:
CC BY

http://hdl.handle.net/11343/271606
CC%20BY

	Artificial...
	Abstract
	Introduction
	Necessity for a paradigm shift in the care of HF
	HF prevalence
	HF hospitalisations and mortality
	Quality of life and satisfaction
	HF costs to society
	Current state of HF care—a HF case report

	A new culture in healthcare—the paradigm shift
	Key characteristics of the new predictive, preventive and personalised approach
	The digital transformation in care

	The HF paradigm shift to PPPM
	Heterogeneity, risk factors and personalised profiles of patients with HF
	Challenges in HF care
	Therapy monitoring

	Participatory medicine: new roles for both patients and healthcare professionals
	Patient-centred care

	Successful patient engagement
	Supporting technology

	Support for changes in the care process using eHealth
	Patient-interface: how to facilitate eHealth for patient centred care
	Gamification to improve patient engagement

	Understanding the role of artificial intelligence in the paradigm change
	Expected “added value” of AI services in healthcare and potential harm
	Potential harm and hurdles of AI introduction in healthcare

	Towards a cost-effective and sustainable economic model for integrated HF care
	Expectations vs commercialization and sustainability
	Valuing social-economic impact

	Legal, ethical and societal issues
	Who are the beneficiaries of the novel approach?
	The HF case report of the future

	Conclusions and outlook
	References




