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Preface

This book selectively builds upm and integrateshe main findings ofFramework
Programme? projectPHS2020. It is an important contribution rooted in the context of
European Union policies and research funding in the broadly defined field of eHealth.

eHealth has figured among the prites of the EuropeanCommissioninformation
Society policy and research ageneeer since the launch of the two Action Plans
eEurope 2003European Commission 2000) aeBurope 2005European Commission
2002) and is still among the key objective of therrenti2010 European Information
Society policy platform (European Commission 260Fhe European Commission has
encouraged Member States to take actions in eHealth and managed to reach clear
commitments in May 2003 during the Ministerial eHedltbnferance held in Brussels

when EuropeamMinisters signeda Ministerial declaratiomnd committed their countries

to work together towards best practices in the use of Information and Communication
Technologies (ICT) as tools for enhancing health promotion heaadth protection, as

well as quality, accessibility and efficiency in all aspesft$ealth care delivefy This

was followed by the release in 2004 of #itdealth Action Plan(European Commission
2004a) anadf the Communicationfionp a t i raabititysaddhealthcare developmenbs
(European Commission 2004@he eHealth ActioPlanunderscores how several trends

are resulting in rising demands for healthcare services, which can be addressed also
through the harnessing of the potential of ICT in combinatitih organisational
changes and the development of new skilsropean Commission 2004a: p. 4 and p. 8)

As other areas of ICT applicatisto economy and society, eHealth is seen as potentially
contributing to the Lisbon Agenda of achieving both eenic growth and social
cohesion in a knowledge based society and, thus, it is considered also a market
opportunity.Attention to the concrete possibilities offered by eHealth to Europeans also
in terms of business development and innovation has been captliciyg in the Lead
Market Initiative for Europe (European Commission 207&jost recently the needs

! The project deliverables can be acmhat:
http://ec.europa.eu/information_society/activities/health/research/fp7phs/index_en.htm

2 It is worth noting that there appears to be an incngaaisense of synergy between the public health and

the ICT domains areas of policy and research in the European Commission. On the public health side, there
is a growing awareness of the usefulness and appropriateness of eHealth to supporting headtlasgste
services (European Commission 2007b). The new European Health Strategy (European Commission
2007c)aims to provide, an overarching strategic framework in the field of health and lists as strategic
themes: Fostering Good Health in an Ageing Eurdpmtecting Citizens from Health Threats, and
Dynamic Health Systems and New Technologies. The first and the last of these have particular relevance
from our perspective.

3 Ministerial Declaration at Ministerial -Blealth 2003 Conference, Brussels, 22 May020

(http://ec.europa.eu/information_society/eeurope/ehealth/conference/2003/doc/min_dec_22_may 03.pdf

* Following earlier argumentation provideby an independent expert group chaired by Mr Esko Aho
(European Commission, 2006b), the Communication which underpins the Lead Market Initiative identifies
an increase in investment in eHealth as pivotal points to telemedicine for chronic disease managem

5


http://ec.europa.eu/information_society/activities/health/research/fp7phs/index_en.htm
http://ec.europa.eu/information_society/eeurope/ehealth/conference/2003/doc/min_dec_22_may_03.pdf

o |'J|'IS 2020

SEVENTH FRAMEWORK
PROGRAMME

and opportunity of harnessing ICT potentialities to improve the delivery of care have
been further highlighted in theommunication on Telemediciné€Eurgpean Commission
2008a)

Personal Health System&enceforth simplyHS), besides beingne of the key pillar of

the eHealth policy and research ageridambody the most innovative vision on how ICT
can be used in healthcateis preciselyin this specificfield that ever since the launching

of Framework Programme 5 the Commission funding to research and technological
development has supported theradigm shift from the traditional hospitatentred and
reactive healthcare delivery model toward a persmrired and preventive one.

The first decade of more sustained funding to PHS research is eaditige time of
writing 2010 isonly a few monthaway from usand will mark the end ofhe current
overall policy Information Society policy framewoiZ010. A new Commission will be
start to worksoon. We are, thus, attarning point and it is today a good time to take
stock of what has been achieved and to look into possible figares provide input to
the design of the pily and research agenda for PHSHe next decade.

The overdl objective ofthis bookis preciselyto provide an extensiveeview the state of

the art in PHSupon which several roadmaps of needed future research are proposed.
These objectives have been achieviedl owing the methodologi¢asteps briefly
illustrated in§ 1.3 and explainedin further detail in the methodological anngx7),

which in brief led to : a) establish a state of play; b) ettheom the state of play trends
leading to the elaboration of four different future scenarios; c) systematically compare the
state of play with the scenarios to identify gaps in need of being addressed to support the
desirable elements of the scenariod aaunter the less desirable ones; d) associate to the
gaps various themes for Research and Technology Development (RTD) and/or for other
kind of actions; and e) develop these themes into five Roadmaps.

PHS2020 established a standing Expert Support Coeen{ESC) that met five times

over the duration of the project and constantly evaluated, commented and validated the
deliverable produced. In addition, it organised four consultation workshops and one final
validation conference. It, thus, carried out akaif 10 consultations events, engagag

very large number oéxperts and stakeholdecsvering all the relevant expertisand
stakeholder areas (healthcare institutions and professionals, ICT industry and technology
experts, policy making bodies, expestdbroadly defined socieconomic relevant topics
researche)s So this book benefits from the input from such a large pool of very
distinguished experts and stakeholders.

core domain where actions are required and clear development and progress can be axhiallgd.

conscious of these multiple benefits arising from the eHealth technology field, but espetialys case

i electronic or personal health recsrd is the European Commi ssionds re
interoperability(European Commission 2008c).

® On the importance dPersonal Health Systemsee, for instance, the repor@onnected Health: Quality
and Safety for European Citize(Suropean Comrssion 2006a: p. 16) areHealth for Safety Impact of
ICT on Patient Safety and Risk Managen{&ttoetmanret al2007).
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Four projectdeliverablesof PHS2020cover in great details all thmethodologicaktes,

from the State of Play, to the construction of future Scenarios, to the Gap Analysis and
the final Road Maps. These deliverables, all available for consultation and download at
the project websife illustrate in great depth all the methodologitethnicalities the
sources gathered and analysadd very extensile the findings of the project They
represent the wider background and knowledge base on which this book rests.

This book has as its main objective the high level dissemination of timefimaings of
the project and as such wdhly selectively usehe vastcontens and informatiorto be
found in the mentionedproject deliverabls. For the sake of brevity and of
communication effectiveness we will often refer the reader to each spaelfierable
for further details and information on variotegic that are treated in this book in a more
compact and succinct fashion

® See: PHS2020 Deliverable D2 $tate of Playb) PHS2020 Deliverable D3.Gonsolidated Scenario
Report; ¢) PHS2020 Deliverable D4.Gaps Analysis Repqrt) PHS2020 Diverable D5.1Roadmaps
Report . All these deliverables can be accessed online at:
http://ec.europa.eu/information_society/activities/health/research/fp7phs/index_en.htm
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1 Vision, promises and scope

1.1 Personal Health Systems: definition and vision

The PHS conceptenvisiors a new generatioof applicationgi.e. wearable and portable
system$¥ and tools in the hands akersand professionaland increasingly resting on the
convergence between ICT and other technologies such as: biomedical sensorgndicro
nane systems, user interfaceand digital signal processing and intelligent algorithms.
As opposed to past activities focused on connecting the points of care (Regional) Health
Information Networks, PHSs about onnecting individualswith Health Information
Networks. While this conceptof PHS has been consolidated as one of the research
priorities in FP5, FP6 and FP7, providing a consensual definition of what PHS are
difficult. Particularly challenging igo distinguishPHS in a clear cut way from other
related concept one can finflet relevant literatureAlongside the general and more
widely used umbrella concept of Telemedicime,the interdisciplinary literature on
eHealthone can find a wvast array of ot her

terr

AiTel eHomeCar eo, nfiHoomainn@®@ kbhalMoHealth Manac

Technologies and the supported service applications are often termed differently by
different authorsin brief thecurrently available definitionsf the various concepigdo
not allowdeterminingtheir taxonornt and clear cut relations

Defining PHS thus,was challengingandthe elaboration of a shared definition of PHS
has been a collaborative and iterative process, involving the European Comnaisgion,
thevast numbers oéxpertsengaged during ovelrO consultation eventsrganised as part
of PHS2020 project

At the end of this processir final reelaboration of the various input led to the following
definition:

Personal Health Systems (PHS) assist in the provision of continuous, quality
controlled, and p ersonalised health services to empowered individuals regardless
of location. They consist of:

a) Ambient and/or body (wearable, portable or implantable) devices, which
acquire, monitor and communicate physiological parameters and other
health related context of an individual (e.g., vital body signs, biochemical
markers, activity, = emotional and social state, environment);

b) Intelligent processing of the acquired information and coupling of it with
expert biomedical knowledge to derive important new insights abou t
individual 6s health status.

c) Active feedback based on such new insights, either from health
professionals or directly from the devices to the individuals, assisting in

" This diversity andbverlapping range of concepts and definition can be appreciated in articles providing
extensive metanalysis of the literatures (see for instance: Koch 2006; kboeh2003; Miller 2007, but
also Gartner 2007)
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diagnosis, treatment and rehabilitation as well as in disease prevention

and lifestyle management.

Evidently the consensus was reached on a pragmatit and t e de€nition’eas it was
difficult to come up with a taxonomic ongiven theyet not consolidated status of the
field. Nonethelesghis definitionis widely comprehensivandentails a dynamic element

underlying the vision behindhé policy efforts in this field

The definition in fact,d o e s not

thex poterdiafudlynemposvéred seltaring

individual on the one hand, and the healthcaystem(organisatiorandprofessonalg on

the other. Both can be the beneficiaries of PHS promises, which can be ripped either
directly by the users without mediation or indirectly through the interaction with
healthcare professionals and organisations. In doing Gpturesboth ofthe two basic

service delivery models depicted in the next two figures.

Figure 1 Service delivery model: healthcare pushed

PUS/.,;\\\\ ‘ i
0 & l
8}, \;;\; % N
- ) s\\\\‘ I

Sourcee Aut horsoé el aborati on

Under the model describe by the figure abovbe process of delivergf PHS embled
care is initiated and led withihealthcare systen in the figure for exemplificative

purpose only we indi

cated

t he

Ahospistal oo

or professional formally part of the healthcare systéihg level of €chnology available

8 An ostensive definition conveys the meaniof a term by pointing out examples. This type of definition

is often used where the term aoncept idifficult to define in a clear cut way. It is usually accompanied
with a list of objects serving as an example, and for this reason is also ofterddb as "definition by
pointing." Yet ostensive definitions are useful when the overall meaning of the concept is quite clear.

Ludwig Wittgenstein writes:

ASo

one

Athegneaningefay : t he

the word when thewerall role of the word in language is clear. Thus if | know that someone means to
explain a colouword to me the ostensive definition "That is called 'sepia’ " will help me to understand the
word.... One has already to know (or be able to do) somethiogder to be capable of asking a thing's

name. But what does one have to know? (Wittgenstein, 1953/2001, §30).

b u

(0]
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at theu s esgitedhelps in providing anytime and anywhere information usefutdoous
purposesavoiding any unnecessary hospitalization andsvisit

In the model depicted below the ownership of B#S enabledtare servicgis fully

taken by the individual and the focus is on empowermigthnology helps each person

to manage certain health matters on his/her own, vatluced or no need of direct
intervention on the side of healthcare professionals, naturally under well defined and
controlled conditions

Figure 2 Service delivery modeliled by user

Source Authorselaboration

Moreover, ourdefinition embodies the two dimensions of what we consider the visionary
thinking behind PHSas they developed so fand especially as they may evolve in the
future.

First, the definition underlies the vision of increasing Emepowermenta n dResponse

Abilitydo f or individuals to take as much as pos
thus aligning healthcare tohwr sectas of society where the autonomy and free choice of

individuals is increasing and where relation between users and providers of services in

any field are becoming more symmetric.

Second, the definition brings a truly holistic vision of bothindivial s6 heal t h and

various componentsof PHS PHS fireconstruct t hrefleavtheol e 0 an«
new vision of complexity that is behind science in th& @intury

As it has beerforcefully argued by Barabasscientific research in th20" century has

been driven by theeductionistassumptionaccording to whichto comprehend nature

awve first mu st decipher its componendt séand s
andwhichbut ended upt hreunhmharndg wanlt(20030ds. 6).cToisnp | e x i t )
complexity where everything is linked to everything efs&kes it hard to recompose in a

mechanistic way the various small components into which we broke done the world and

our knowledge of it. This is why in all areas of scientific redeaircluding all the life

10
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sciences supporting medicine and its practicetha 2£' century new innovative and
holistic way to cope with this complexity are needed. Medicine and healthcare, due to
both the nature of the underlying scientific knowledge smdhstitutional design, are
probably one of the field where this sort 28" century reductionism has gone the
furthest to the point that the needed specialisation has reached the point of dysfunctional
fragmentation drifting often into the dry attiteidbf dealing with diseases rather than
treating human beingsThis has now started to change in the direction dbcessing
holistically on the person. This trend is clearly embedded in our definition of RHiSh
conveysour vision thatsuch person cenc ICT enabled applications and servicedi

play a key role in supporting a new holistic approach to the human body and well being
capable to facing the challenges of complexities. The defingindailsthe idea that PHS

must capiire a variety of pammeters providing a more complete and holistic pictarel
ranging from physiological signs, genetic markers, personal characteristics, situation
context of various nature. This will emerge even more forcefullghapter 5 where
current gaps and the neeld&uture research are discussed. Moreover, our definition is
holistic also in how it treats the various components of PHS, in the sense that data
gathering, data processing and data communication cannot be treated in isolation but
must be developed has parf holistic systems. For instance, we will show hiomthe
PHSfield more intelligent solutionkiave not be achieved yet ftoo muchsegmented
attentionhas been placesh distributed sensing and too little on tools to manage, analyse,
and understandhé dategathered.

Third, besides #se more inspirationalelements of PHS visignthe definition also
capture more O6prosaicbd elements related
empowered individuals and to professionad$ decreased burden onethhealthcare
systems for less acute matteers can take care of autonomouwsiyor matters will no

long arise due to better monitoring and compliantteus releasing resources for
addressing patient with more acute health conditibhgrowing healthrawareness and
preventive attitudes and activities on the side of users, thus leading toyHiéaigtyles

and avoiding or delaying the outset of critical health situatidhi is very important in

light of the challenges that the healthcare system$aaineg today, to which we turn in

next paragraph.

1.2 Healthcare challenges and PHS promises

The challenges faced today by healthcare systems can be summaitiséa following
puzzle: rising costs ankhcreasing demands and expectations at a time when oasi
factors are putting public budgets at straiThese challenges would require a separate
treatment in their own right and it is beyond our scope in this book to enter into great
detais. On the other hand, as a general context and as a way to highkgpotential
promisesof PHS we briefly recall below some of the trends behind the challenges that are
putting the healthcare systems at strain tdday

° For an analysis of these challenges and the factors behind them see 2001 Communication by the
Commission on the future of health care (Europ@ammission 2001).

11
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Figure 3 Share of population aged 65 and over, 1960 and 2005
1860 B 2005
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Figure 4 Old age dependency ratio, ELR5, 20042051
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From 1960 until 2008 in OECD countries the percentages of population over 65 has on
average doublediccording to all ofthe Eurostat different projection scenarios plotted in
Figure 4, the European population may not decrease but will surely grow olther.
ageing of the population and its continuation in the future is, from the perspective of
heathcare,the trend, the most certain and impactful of all other possible trends one can
identify. The ageing of the population, besides reducing the pool of economically active
citizens, it is also a main source of rising health care costs in its ownagghtcreates
pressures in various ways such apincreasing ofchronic diseasesand of their ce

12
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morbidity*®; b) problems ofcompliance to medication and lifestyle guidanaenong the
elderly", whichis a major challenge facing the healthcare communitydiustrialized
countries (Kausnilet al 2008) c) larger number of elderly people in need of long term
care and assistance even when no acute chronic disease is present. Other developments
related to the changing lifestyle asdcial fabric of our modernveryday life further
pressuring the healthcare system on the demand side include: a) the health care
implication of increasingbesity whichthe World Health Organisation (WH@gemed

as oneof the greatest public health challenges of the 21st céftajythe rising token of
neuro-psychiatric disordes, which WHO quantified as beinthe second cause of
disability-adjusted life years (DALYS) lost in the WHO European Region and suffer from

a treatment gap (World Health Organisation 2694)) theincreasingpredominance of
nuclear families, work force feminization, andwork force mobility makethe care of

the chronically ill and of the elderly in general even more diffimdteasing demand on
healthcare and social servitesFinally, structural trends alsiclude the positive

9 The literature on this topic is vast and it is beyond our scope to review it here. For a very partial but
sufficient selection, as it provides all the needed empirical evidence, see eékddy(R007) , Nolte and
McKee, eds. (2008), dite et al (2008), World Health Organisation (2005).

" The elderly, in fact, have to take several drugs and/or follow multiple treatments and it has been
estimated that patients over 70 take an average of seven prescription medicines and thneeawser

drugs per day (Fleming et al 1993). Accordingly there is an higher risk of low compliance with the medical
prescriptions (e.g., people forget to take their drugs, or take them at different hours, etc.), resulting in
adverse events and further needredtment and hospitalisation

2 |ts prevalence has tripled in many countries in the WHO European Region since the 1980s, and the
numbers of those affected continue to rise at an alarming rate, particularly among children. Obesity is
already responsible f02-8% of health costs and 1B% of deaths in different parts of the Region
(http://www.euro.who.int/obesijy WHO latest projections indicate that globally in 2005 approximately 1.6
billion adults (age 15+) are overweight; at least 400 million adults were obese. WHO further projects that
by 2015, approximately 2.3 billion adults will be overweight and more than 700 million will be obese
(http://www.who.int/mediacentre/factsheets/fs311/en/index.html

13 One in four families has at least one member with a mental disorder at any point in time and the spread of
such disease will increase from 12% of the total burden of disease to 15920n(®orld Health
Organisation 2003). Worth noting also that since the 1970s poor mental health has increased in children
and young people, particularly among those who are socially disadvantaged and that in general depression
appears to be increasing irequency, particularly amongst young people (World Health Organisation).
According to the analysis conducted by Murray and Lopez (1997) worldwide, neuropsychiatric disorders
accounted for 10A5% of DALYs, but t hegions, whemethéyr i but i on
accounted for 22% of total DALYs (respiratory accounted for 4,8%, and for cardiovascular 20,4%;
malignant neoplasm 13% ) as compared to only 9% in developing regions. In particular, when considering
individual disorder singularlythe fourth largest disorder appeared to be unipolar major depression (In
accordance with ICB® conventions, suicides, many of which were due to major depression, were not
included in the primary tabulations of unipolar major depression. With the additericide, the burden

of unipolar major depression increased by nearly 40%). Other neuropsychiatric conditions in the 30 leading
causes of burden included alcohol use, schizophrenia, and bipolar disorder

“According to Gartner eabehrcbneomeheofophe of6tuheoi
is giving the rise to the new role of the Aconsumer
social workers, but also friends and relatives), who will be together with the actual patient

13
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correlation between income and education the one handand the demand for
healthcareon the other As the steady increasa income and educational level is a
sought goal of our societiethis will structurally result in higher deand pressures on
healthcareMore generallythis trendcan be seen in light of the risimgnsumerismand
demand obetter quality and ubiquitous accesgo health care.

While demand side pressures are probably more sizeable, there are alquestbeares

on healthcare costsiscribed in the functioning of the healthcare system delivery and
financing.Healthcare systems have the moral imperativiedeease the capacity to cure
even the most difficult cases, which is pursued by introducing new medicthérga
and/or prolonging care and inevitably increasmsts. Healthcare systems show a
tendency abvershooting/mismatch in resource allocatibhin dealing with the most
demanding and complex segment of patients (i.e. elderly persons with multiple acute
conditions), and a corresponding incapacity to introduce innovations that would simplify
the way they deal with least demanding segments (i.e. prevention of singlenost
diseases at an early stage so as to delay the moment when they become a seriously
chronic problem or monitoring and management of not yet acute chronic diseases )
Excessivefragmentation and overspecialisationas resulted into a silo approach ( the
earlier mentioned dealing with diseases rather than treating human beings), whish cause
duplicationsof efforts, lack of integratednformation management and ussrors and
suboptimal treatment as, for instance, in cases where thmacbidity of chronic
conditions is notreated holisticallyThis can also cause adverse events anctegpand
potentially unnecessary hospitalisation, both of which contribute to increasing the costs
The presence of a Athird party prepgvate 0 ( bei n
insurances) favour intentionally opportunistic behaviour or simptk laf correct
incentives in the prescription and utilisation, which artificialigflate costs®. Finally,
healthcare systems are characterisedFay Administration: need to process huge
amount of information for administrative purposedjich absorls large amount of
resources

customer/consumer of changing healthcare delivery and will demand more time and location efficient and
effective services

15 0On this concept see the seminal article by Christeesah(2000).

18 For an illustration of such disinctional behavioursee for instance Hsiao (1995).

14
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As shown by the data below, healthcare expenditure as a percentage of GDP has grown
substantially in all OECD countries between 1980 and 2005.

Figure 5 Total expenditure on health, percentage of GDP, B to 2005

15980 1830 2000 2001 2002 2006 20 2005
Australia 6.8 7.5 8.8 8.4 a1 9.2 895 9.5 200405
Anstria 75 7.0 10.0 10.0 101 10.2 103 102
Belgium 6.3 7.2 8.6 87 2.0 | 101 10.2e 10.3e
Ganada 7.0 8.4 8.5 9.3 96 9.8 948 9.5
Gzach Republic oc 47 6.5 6.7 7 T4 73 72
Denmark 89 8.3 8.3 8.6 88 | 91 9.2e 91e
Finland 6.3 1.7 6.6 6.7 7.0 7.3 T4 15
France 70 84 9.6 a7 100 | 0.8 140 1
Germany 8.4 | 9.6 1592 10.3 10.4 108 10.8 106 107
Greecs 51 5.8 9.3 9.8 av 10.0 98 101
Hungary .. 7.0 1891 6.9 7.2 76 8.3 Sle 81 200de
leeland 6.3 7.8 9.3 9.2 100 10.8 100 95
Ireland 83 | 6.1 6.3 7.0 ¥2 7.3 75 75
ltaly .. 7T 8.1 8.2 83 8.3 8.7 59
Japan 65 6.0 | 11 74 2.0 2l 5.0 5.0 200de
Kiorea 41 7883 4.3 4.8 5.4 53 54 55 G0
Luxermbourg 52 54 5.8 6.4 6.8 7.8 838 8.3 2004e
Mexico .. 4.5 5.6 6.0 6.2 6.3 6.5 6.4
Netherands 75 8.0 ‘ 8.0 8.3 848 a1 9.2e 9.2 200de
New Zealand 59 6.9 77 T8 2.2 a0 S.Ge 9.0
Norway 7.0 7.6 | 8.4 8.8 a8 10.0 9.7 a1
Paoland .. 4.5 55 5.9 6.3 6.2 6.2 628
Portugal 53 5.4 | 8.8 8.8 2.0 9.78 9.5e 102e
Slovak Republic o . 5.5 5.5 56 5.4 T2 7
Spain 53 6.5 7.2 7.2 73 | 7.9 S1e 528
Sweden 9.0 8.3 | 8.4 a7 91 9.3 9.1 9.1
Switzerland 74 83 104 10.9 11 115 15 ne
Turkey 33 3.6 6.6 7.5 74 7.6 77 76
Unitzd Kingdom 56 6.0 7.3 7.5 77 | 7.8 8.1 83
United States 88 11.8 15.2 13.9 147 15.2 152 153
Latest average® .. - . . .. - .. 0.0
Consistent average (24)F 6.6 7.2 83 8.6 8.9 9.3 9.3 9.4

Source:OECD Health Data 2008, June 2008

Currently the costs of healthcare in the EU is around 9% of GDP but they are projected to
reach 16% of GDP by 2020 (European Commission, 20082), representing a much
higher rate of growth than thexpected for GDP. As can be seelfrigure6 overleaf, the

main European countries members of the OECD have healthcare system overwhelmingly
financed directly through general government (so called Beveridge model based on a
unitary National Health System, NH§ or through social insurances assimilated to
public funding (so called Bismarck motg!

7 Key examples: United Kingdom, Sweden, ltaly (though with an emerging regionalization having
important impacts)

18 Key examples: France, Germany, Belgium
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Figure 6 Health expenditure by type of financing, 2005

of which: of which:
o bl fioneral . Socia o priate Private insurance Out-of-pocket All other funds?
govemnment insurance payments
Australia (2004-05) 67 67 [} 33 7 20 [}
Austria 76 3 46 24 5 16 3
Belgium? il 4 [ 28 5 22 i
Canada T &9 1 30 13 15 2
Czech Republic 82 g a0 1 a 17 a
Denmark 84 &4 [ 18 2 14 0
Finland 78 &1 17 22 2 18 2
France 80 5 75 20 13 7 i
Gemany T 0 67 23 g 13 i
Greecs 2 43 0 57 57 0
Hungary (2004) 7 i1 &0 29 1 24 4
lesland® 83 43 34 17 7 [
Ireland 7B 7T i) 22 7 13 2
Italy T 76 [ 23 1 20 2
Japan i2004]b 82 16 66 12 17 i
Karea 23 12 41 4 2 a8 &
Luxembourg® | 2004) 9N 17 3 g i) Fi 7
Mexico 45 i7 28 55 b 51 a
Netherlands? GE 3 63 34 20 8 &
New Zealand T8 78 [ 22 5 17 i
Narway 84 69 15 18 [ 16 i
Paland 69 11 58 1| 1 26 4
Partugal 73 72 1 27 4 22 i
Slovak Republic T4 g 65 26 [ 23 3
Spain m [ 5 29 & 22 i
Swedan 85 85 [ 1= [ 15 [
Switzerand 60 17 43 40 9 3 1
Turkey T 34 38 29 [ 20 9
United k]ngclclmb 87 &7 [ 13 13 [
United States 45 3z 13 55 37 13 5
0ECD average 73 41 32 2 & 20 2

Source:OECD Health Data 2008, June 2008

On averag in the EU countries members of OECD public funding amount to 76% of
health expenditure, private insurance to 3.7% and individuals private out of pocket
disbursement to 18.3% (the remaining 1.9 goes to other private funds). The historical
trend from 197Qill 2005 in terms population coverage by publicly funded healthcare
(Figure 7, overleaj, is very tellingas it shows that with fewxceptiongi.e. especially

U.S. but to different degrees also the Netherlanosyersal coverag throwgh public
funding has increase@he question is, however, given the projections on the unstoppable
rising costs of healthcare and increakmtght budges, whether public fundingan
continue to be the mairsrce of coverage of healthcafl® ths more structural situation

one should also add a more contingent consideration: ghesrcurrentsocioeconomic
climate of crisis expected to stay with us for some timeaiseduction in universal
coverage and/or in the quality of delivered qaoéticaly viable?
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Figure 7 Total public coverage, percentage of total population, 1970 to 2005

1970 1980 1990 2000 2005
Australia 85.0 100.0 100.0 100.0 100.0
Austria 1.0 aa.0 2.0 9a.0 3.0
Belgium ar 8 aa.0 a3 9a.0 9.0
Canada 100.0 100.0 100.0 100.0 100.0
Czech Republic 100.0 100.0 100.0 100.0 100.0
Denmark 100.0 100.0 100.0 100.0 100.0
Finland 100.0 100.0 100.0 100.0 100.0
France 95.6 99.1 9.4 99.9 99.9
Germmany 842 92.3 ] a0 896
Greece 55.0 8.0 100.0 100.0 100.0 2004
Hungary 90 100.0 100.0 100.0 100.0
Iceland 100.0 100.0 100.0 100.0 100.0
Ireland 85.0 100.0 100.0 100.0 100.0
Italy 9530 100.0 100.0 100.0 100.0
Japan 100.0 100.0 100.0 100.0 100.0
Korea - 28 100.0 100.0 100.0
Luxernbaurg 996 a9.3 98.8 1953 9582 9.7 2004
Mexico - - . 21.0 2002 504
Netherlands 9.0 6.3 &1.4 B4.5 62.1
New Zealand 100.0 100.0 100.0 100.0 100.0
Norway 100.0 100.0 100.0 100.0 100.0
Paoland . - .. . 973
Portugal 40.0 100.0 100.0 100.0 100.0
Slovak Republic - - . 98.8 976
Spain 61.0 83.0 281 1997 98.9 20071 99.5 2003
Sweden 100.0 100.0 100.0 100.0 100.0
Switzerland 9.0 96.5 w5 100.0 100.0
Turkey 264 384 551 66.0 1997 67.2 2003
United Kingdom 100.0 100.0 100.0 100.0 100.0
United States - . 245 247 273
Latest average® .. .. .. .. 9249
Consistent average (27)° . - 93.4 941 94.2

Source:OECD Health Data 2008, June 2008

The facts very selectdly and briefly reviewed so far unequivocally tell us that weadre
a urning pointfor the sustainability of healthcare in Europe. The systemmnot afford
to ldsand wil/l S u mMeré&oybut the resburcesoavadable afie shrinking.
The key chal |de mgeand beteemwith tlee sgame or fivith |6sg other
words the formidable task ofncreasing at the same time both effectiveness and
efficiency!

Copingwith such challenge require changes and efforts in many direetiwhfields and

it would unrealistic to think that ICT in general and PHS inipaldr could radically
contribute to increase the sustainability of healthcare by thems&egsPHS enabled
change can definitely contribute to contain some the pressuring factors. Their potential
contribution are summarised kgure 8 overleaf. It is worth stressing, however, that the
content of the figure and the illustrative consideraitwat follow arehypotheticalunder

an assumed scenanbthe full deploymentof PHS enabled delivery of care

In the figure the two bas crossed indicate structural trends that cannot be impacted in
anyway byPHS (andprobably by any other intervention), whereas the Harvey balls at the
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right side provide a tentative and qualitative assessment of the potential contribution of
PHS.

Figure 8 PHS potential contribution to contain healthcare pressuring trends

Ageing and ADisease MGMT better cure less cost
APrevention and lifestyle
clitey ek AElderly happy at home and less cost for care

Consumerism AFostResponsfabi | ity #
& access ABetter educated consumption

Demand

¢ 6

Almprove access

Capacity to
cuic

Aln combination with organisational innovation
canrealise 80/20 scenarios
Aincrease job satisfaction for professionals

Resource
allocation

Alf inter-operable among each other and with
PHRs can enable integrated care
AReduce errors and adverse event

1 DNHD

Fragmentation

Fat

administration APHS can be a component of a new
system (including PHRs, guidelines
Opportunistic and measurement) increasing
. transparency and reducing
behaviour opportunistic behaviours
(unnecessary costs )

Financing

Poor
monitoring

Source Aut hordés el aborati on

PHS can contain the effects of ageing (rising in chronic diseases, problems of compliance
and long term care, end of extended fggmand of other demand related trends (obesity,
neurcepsychiatric disorders) in various ways. Personalised monitoring of diseases and
related treatment (through the intervention of a professional or directly as automatic
actuation), preventive serviceffébtyle management, early detection, support to lifestyle
and compliance for the chronically ill to prevent worsening conditions), independent
living solutions for the elderly, all of this can improve the quality of care and reduce
costs.By focusing on peventive lifestyle PHScan contribute to delayg the time when

a disease becomes seriously chronic or avoid its emergence altogetheit Gauhelp
reduce the burden on hospitalisation, and facilitate early diagnosis, and thereby
improving the chares of healing and decreasing the need for treatment. It can enable
remote managemenmind sel-management of (chronic) diseases, improving the level of
cure and reducing the burden on healthcare proviééiSincludesalsoapplications that

could substandgilly help the elderly comply with prescribed medication and avoid
involuntary misusePHS can also provide innovative ways to manage and cure fieuro
psychiatric disorders

Through continuous, more personalised care solutions based on better information,
dynamic interaction and human friendly interfaces, Rig8tribute to empower citizens
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and increase accesbhey provide personalised information at the moment and point of
need.PHS applications respond to the increasing demand forcsed and wellness and

can improve access, both reducing waiting times and the need for transportation. They
also help patients make more appropriate choices with regard to the consumption of
healthcare/health products anlus increase the quality of their sadre (this caralso
contribute to avoid cost inflatignTherecould beimpacts also for the health system as a
wholeand patrticularly for the public budget and other third party pagertong as more
empowered and better informed citizens avoid unnecessary consamptio

PHS applications,if part of disruptive innovations entiaig) substantial rerganisation

and institutional change, can bring about axf&tctive ways of dealing with very large
segments of the potential patient population when their needs are feasdieg and
acute. At the same timén this waythey could reduce the workloads of fate-face
consultation with general practitioners, use of ambulatory services, and hospitalisation.
This could also improve the job satisfaction of healthcare professubio, if relieved

from more routine tasks to be handled automatically by some PHS applications, could
have more quality time for more complex activities and for bettertfatace interaction

with patients/citizens inhosespecific circumstances requig such form of interaction

The potentialimpact of PHSn this respect could bieigh and twafold, as they could act

both as the source of important efficiency gains and cost savangsas a drive of
increased job satisfaction

The holistic vision behith PHS is exactly one to reduce fragmentation and foster
integration and exchanges across the tiers of the healthcare systems and across
specialisations. Their potential contribution in this respect is higthaf/ are inter
operableamong each other acrossers of the healthcare systems (primary, secondary,
tertiary, in other words PHS as an instrument of integrated care dgliesy with
Personal Health Record®HRSs) system. Under these conditions, they can reduce the
problems caused by fragmentationtie delivery of care by: a) placing the individual
patienttitizen at the centre of the healthcare delivery process, including a padened
approach to datgathering and dataining, thusincreasing the quality of care and the
level of customer satfaction; b) connecting several stakeholders in the system (patients,
primary care providers, ambulatory services, hospitals, etc.) and enabling better and
quicker transfer of knowledge from the different layers of care provision, reducing
duplication of &orts and thus,decreasing the costs and improving the productivity of
healthcare systems

An optimised and distributed use of informaticandndirectly curbthe opportunistic or
misinformedbehaviourghat causeosts inflation On the one hand, infoation provided

through specifi®HSapplications (such as monitoring systems) can educate patients with
regard to appropriate consumption. On the other hahdn PHS are the component of

an integrated monitoring system (including prescriptions guidelasesiell as PHRs and
ePrescriptions componentd)y making the same data available to different healthcare
provider s, it could make it more difficuldt
overprescribing medicines or medida¢atments
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Finally in reducingFat Administration PHS can have an ancillary role to support an
integrated system resting on intgyerablesRrescriptionsandPHRscomponents

In brief PHS could produdeenefits for all:

1 Health conscious individuals who wish to stay fit

Healthyindividuals at risk who wish to maintain normal health status

Chronically ill patients

Elderly persons or people in need, who want to live independently outside care
institutions

Health professionals (support by provision of monitoring and diagnostia dnd
assistance in making accurate decisions)

And their potential end outcomes include:

1 Reduced irpatient costs (i.e. due to delay of the time between when a disease becomes
complex and chronic and the end of life or to the elimination altogether eof th
development of prenorbid conditions into a fubblown disease);

1 Decreased diagnostic and treatment costs as less laboratory tests and visits to hospital will
be needed as a result of both preventive monitoring and chronic disease management;

1 Increased dalth practitioners productivity (i.e. reduced patient unit cost for GPs through
remote monitoring and self care);

1
1
1
1

As stated, all of these promises can be realiseflifdeploymentof PHS enabled
delivery of care occur. Between the situation todayl the full realisation of these
promises there are still gaps and barriers of various nature to be filled and overcome,
which lead us to discuss the scope tifis book its methodology and the results
delivered

1.3 Scope and methodology

The scope of the roadmpavas definedluring the first othe 10 experts and stakeholders
consultationmeetings, which represent one important component of the empirical basis
of this book In that occasion it was discussed which should be the main focus structuring
the state ofplay and, consequently, the following methodological stepghile the
discussion was more nuanced and complex, in simple terms the alternatives considered as
structuring the scope were

I Technology supported applications;
I userneeds

1 Adoption/ implementatin issues

9 Services/business modgls

At the end of the discussion the consensus emerged tratdhe waso beprimarily on

the technological dimensionvith the objective ofit hi nki ng out of t he
the kind of possible future technologigaBupported innovative applicatisiservicesn

the area of PHSegardless of the currently existimpallenges. It was also agreed that

the residual dimensions broadly falling within what can be considenedonmental
conditionsand concerning issues$ mnplementation and deploymeniere to serve only
ascontextand as aecondary priorityof the roadmapindeed, this choice reflexthe fact

that main aim was to produce a roadmap for future research to be funded under the
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Framework Programme mechaniswhereas themplementation/deployment issues are

the object of other supportingstrumentgi.e. pilot under the new Competitiveness and
Innovation Programme, or traditionakndered socieconomic studies)Yet, it is
probably pleonastic to stress thiathnological research alone cannot solve some of the
existing problems hampering the full deployment of PHS. Just to mention the clearest
instance: no technological solution, no matter how revolutionary and sophisticated, can
by itself overcome the lackf @adequate incentives and of sustainable cost and business
models, which are among the most stringent bottlenecks slowing down the deployment of
PHS. As a matter of facthnce the consultation process started all the experts regardless
of their backgroundhealthcare profegmals, ICT industryand researghbrought back

the importance of the non technological dimensiét4S in fact, are part of acomplex
sociotechnical systef and, thus,their successful development is higtiterrelated

with broadersocial, economic, and politicaistitutional dimensionsAccordingly, while
maintaining technology as the primary drive of our scopbes broadly defined
environmental conditions and the associated implementation/deployment issues have
enriched our appraa.

The overall methodology with its articulated set of tools is illustratdtie annex to this

book @& 7). Below we very briefly limit the exposition of the methodology to those
element that are strictly instrumental for tleading the following chaptgrso that the

reader can understand the logic without need to read the annex if not interested in it.
Before doing this, however, we must clearly acknowledge our debt to another
roadmapping project funded by the Commissioder=P6.Our overall approachesults

from the reelaboration and adaptation to the context of PHS of the methodology
developed and successfullpplied inthe FP6 project eGovRTD2020 in the roadmapping

of future research for eGovernment (Codagnone and riéim eds 2007%° and in
several other publications resulting from this project (among others see Wimmer,
Codagnone and Janssen, 2007; Wimmer, Codagnone and Xiaofeng 2007). On the other
hand, we departed from eGovRTD2020 in two ways. First, we develogiigr@nt and

ad hoc approach to the state of play. Second, our consultation process innovated by
establishing the standing ESC cited earlier

19°0n the concept of sociechnical systems see classical analysis sisciForrestef1961), Thompson

(1967)and Trist(1981). In brief a societechnical system in one where: a) to some extent the factors within

each dimension affect one another, resulting in different directions for development or different areas of

emphasis within the larger idea they represent and b) the non technical (broadly conveyed by the adjective
6social 6) and the technical el ement s are continuall
with each other in ways that cannot be dyerbntrolled

0 See in particular within the final eGovRTD2020 book : a) for the general approach to roadmapping
within a foresight perspective in a policy context see par 2.4 by Codagnone, for its operationalisation see
par. 2.8 by Ma and Wimmer, and fiis application see chapter 6 also by Ma and Wimmer ; b) for the
scenario building methodology see par. 2.6 by Jaretsakand for its application chapter 4 also by Janssen

et al c) for the gap analysis general methodology see par. 2.7 by Petiahand for its application
chapter 5 also by Pucihat al
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Our methodology rests oa policy oriented and holistic approach to roadmapping
including scenarios buildingnd,thus, inscribed within foresight thimg as opposed to

more

normative and prescriptive roadmapping (sé&)8Very succinctly the work was

carried outfollowing the overall logic and architecture illustrdtén Figure 9 and
commented below.

Figure 9 Methodology snapshot

. p PHS2020 Vision
Kick-off /1A ESC ———— > State of play
meeting )
5 @ Scenarios | D 2AESC meeting
8 Scenario
°© deyelopment )
3A ESC meeting
J e 1st Workshop
2nd Workshop
Gap analysis
D 4A ESC meeting
earch Roadmap @ Roadmap______ 5A ESC meeting
2000 2008 2010 2020 fime development 3rd Workshop
4th Workshop
0 0 4 0 0 0 0 0
Impact, dissemination, awareness raising, dialogue among
stakeholders, impacting policies and strategies, and community
building

Source Adapted from Codagnone and Wimmer (2007, p. 5)

1.

The state of playestablishing the baseline and providing the basis to extract the
trends upon whichhe scenarios have been develofmze §7.3 and particularly
see §7.3.2;

The development of scenario®y extracting possible future trends from the state
of play and then selecting the most imgalcand uncertain ones to identify the
two key dimensions of uncertainty along which alternative and possible
contrasting future could be envisagsde &7.4but also §7.3.3;

Comparison of the ate of play with the four scenarios and identification of
currentgapsthat need to be filled in order to favour the desirable elements of the
scenarios and to counter and/or contain the undesirabldsme=§7.5);

Assessmenand prioritisation of gaps in terms of relevance and their associations
to the actions needed in terms of research themes to be financed in the future
representing thénal roadmaps for PHS from 2011 and up to 202§ee §7.5).

One of the key implementation choices within a roadmapping methodology is that of
defining the mix between metmalysis of secondary sources and experts and
stakeholders consultation activities, which can range from relying mostly on secondary
sourceswith very limited consultation to limited analysis and a very extensive
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consultation proces©ur approach ipositioned in between these two extremes adopting
what we deemed multi -tier approach, which ensured appropriate mix between meta
analysis andansultation of experts and stakeholders.

A standing Expert Support Committee met 5 times throughout the duratiothef
research workand its members constantly evaluated, commented and validated the
findings that are presented in the four core chaptetts®book: chapter 2 on the state of

play, chapter 3 on future scenarios, chapter four on gaps and proposed roadmaps for
future research, and chapter 5 on implementation and-ecoimomic issues. In addition,

these findings went through other 5 openstdtation events involving more than 100
between experts and stakeholders from across Europe. So, each chapter is the result a
four stage iteration process: a) first draft version submitted to ESC; b) second draft
version submitted to experts and stakebmddduring open workshops; 3) third draft
evaluated by the reviewers; 4) final draft presented in this book.

Finally, two additional conceptual tools are important to briefly illustrate here as they
have structured the state of play, scenarios buildinggap$ analysis and are, thus,
instrumental for a correct readingf the next three chapterdhe State of Play

Mo d e | o (, Based M) a muiattributes approach (Duin, 2008) decomposed the
identified market products and research projects into thre@ imaiding blocks, as
illustrated in the figureoverleaf (exemplificative andfocussing on chronic disease
managementut other were used for other applications as it will be shown in chapter 2)
The three building blocks are:

1. The areas of applications;
2. The technological subystems;

3. The technological components (basically sensors and/or lab on chip)

In applying the SoPM we considered separéteind subsequently compared in terms of
the frontiers of innovation and sophistication: a) the PHS productslesraurrently
available in the mark&tand to some extent deployed in the delivery of care; and b) the
applications developed or being developed by technological research especially within

2L For a full illustration of this model, besides %&3.2 in the methodological annex, see PHS2020
Deliverable D2.1State of Play(pp. 1823, and 7283 for its applicdon to all the gathered empirical
evidence).

22 0n these distinctions and the corresponding sources of the state of play see PHS2020 Deliverable D2.1,
State of Play8 1.4 and Annex VI for the application of the SoPM to all products and projects considered

23 For the overview and list of the products considered see PHS2020 DeliverableSE2el of Play
respectively, Annex | and Annex IV.
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the Commission FP5, FP6 and EPbut also considering selected ekl level

initiatives>.

Figure 10 State of Play Model Structure (exemplification)
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%4 For the overview and list of the research projects considered see PHS2020 DeliverabBtdde.af

Play, respectiely, Annex Ill and Annex V

%5 See overview in PHS2020 Deliverable D2S1ate of PlayAnnex Il
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For both market and research we considered three main areas of application: a) chronic
disease management; b) lifide management; c) independent livihgThe dimensions

and attributes of ouSoPM, against which current product/services available in the

market and research projects have been evaluated, entail a progression from less to more
sophisticated/advanced stbns helping defining where we are and where the trends are
going and especially the current Afrontier

research) for each of the three areas of application (chronic disease management, lifestyle
management, indepernudiving).

Developing the views shaped within the discussion with ESC members we conceived of

PHS as a complex soetechnical system, and extracted the General Descriptive
Framework (GDF) illustrated iRigure11 below?’.

Figure 11 PHS2020 general descriptive framework
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Sourcee Aut hor 6s el aborati on

This framework has guided the identification of the non technological trends needed for
the scenario building proceasd structured the alsbe identification of gaps.

In view of the discussion above it is clear the outcome of PHS2020 has befhdwo

1 The primary outcomeare five roadmapsproposing research themes for future

PHS research in distinct but clearly intetked domains, whichra presented in
Chapter4;

28 For the rational and definition of these three aread &2

2" For a full discussion of this framework, besideg.8.3in the methodological annex, see PHS2020
Deliverable D3.1Consolidated Scenario Repppp. 1620.
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1 Thesecondary outcomgs a discussion amplementation/deploymenthallenges
related to broadly defined environmental conditions, which are illustrated in
Chapter5.

These two core chapters are precede@hgpter 2on the stat®f play and byChapter 3
on the future scenarios. Finallghapter 6contains some conclusive considerations and
recommendations.
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2 State of play: technological developments

In this chapter we first illustrate the different service provision models id=htif
considering both the market and the research domain tog@h2rn), and we then
overviewcomparativelythe key findings of the application of the SoPM to the empirical
material gathered and analysed for both the marlk@tesearch state of the art ir2&
Reading this paragraph will suffice to have a general grasp of the state of the art and to
proceed further directly to the following chapters. 18.§ howevey the interested reader

will find a still synthetic but more detailed account of the state of development of PHS
researcff.

2.1 Service provision models

In Figure12the mainplayer relevant for the provision of PHS enabled carelatelsed
such as Hospitals, Labs,e@eral Practitioness (GPs) Heath Care Authority, Point of
Care and increasingly call centres run by healthcare organisations or bpaihires.

Figure 12: Main actors in health care delivery

Source:A u t Isaabdyation

Depending on which of thegdayerstakes the ownership of the service delivery process
the following possibleleliverymodek were identified

28 This still contains only a small fraction of the sheer material presented in the 283 pages of the state of
play deliverable, to wibh we refer the readers desiring to have the full detailed picture In PHS2020
Deliverable D2.1State of Playthe interested reader can find: a) the overall methodological discussion in
Chapter 1; b) A longer version of the commented overview in chap®ra&discussion of environmental
conditions as barriers in chapter 3; d) The overview and list of the products considered for the market,
respectively, in Annex | and Annex IV; €) an overview of national level of research initiatives and projects
in Annex Il f) The overview and list of the FP5, FP6 and FP7 research projects considered, respectively, in
Annex Ill and Annex V; g) the application of the SoPM and the construction of the innovation frontiers in
Annex VI; h) a glossary of terms in Annex VII.
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Model 1: pushed by hospital;

Model 3: pushed by Point of Care;
Model 4: led by patient.

= = -4 -9

All these models have the dual purpose to reduce hospitalization and related costs, and, at
the same time, to increase the quality of care delivery for individual by customizing

SEVENTH FRAMEWORK
GRAA

Model 2: pushed by call centre and/or third parties

his/her personaheeds. Although, as we anticipated in providihgir definition the

vision behind PHS is of increasingly moving toward ModelThe evidence gathered
shows that the more consolidated are Model 1 and Model 2 while those only emerging

are Model 3 and Modd.

Figure 13: Service provision pushed by: Hospital
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Source:Authord slaboration
Figure 14: Service provision pushed by: Call Centre®

Source:Authord slaboration

29 Operated by third parties external to the institutional borders of the healthcare system.
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Figure 15: Service provision pushed by: Point of Care

Source:Authord slaboration

Figure 16: Service organization: fully led by patient

| Hospital

Source:A u t h eabdyation

In Model 1Hospitals take the lead atiae level of technology availabé the patient site

helps in providing anytime and anywhere information useful for bathitoring, early
diagnosis and preventive treatments, avoiding any unnecessary hospitalization and visit.
It is @ model more suitable for chronic disease manageimamtor lifestyle management

or independent living.

In Model 2 call centres act as an intermediary between hospital/heath care professional
and patients. However, even if the interaction among each patient and the hospital is
intermediated by call centran specific relevant situations a diresttervention of
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