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PREFACE

Staying healthy and getting appropriate healthcare is certainly one of the
most important issues in our society. In a continuous effort, huge
investments are made to improve the value of the healthcare system. Among
the many ways to optimize medical care, technology plays a predominant
role. It not only helps to increase the quality, effectiveness and efficiency of
health related procedures, it often stimulates and enables new ways to
practise medicine. Apparently, the success of western medicine is to a large
extent based on technology driven innovation. In the last century we have
increasingly seen breakthrough improvements in medicine that were induced
or supported by new technologies, and that were unthinkable without them,
leading to better and often revolutionary new ways to detect or solve health
problems. Advances in imaging technology, for instance, with the invention
of computed tomography (CT) or magnetic resonance imaging (MRI) about
thirty years ago, have certainly marked disruptive change for many
procedures in diagnosis and therapy.

At the beginning of the new millennium, it is reasonable to expect that
the role of technology in the medical innovation process will increase
in proportion to the enormous amount of R&D efforts worldwide. The
potential impact of research to the medical field is illustrated by the fact that
90% of all researchers - since the beginnings of mankind - live today. The
amount of research results that will directly or indirectly influence medicine
may easily increase by an order of magnitude over the coming decades.

Medical technology innovation is a complex process, in which industry,
academia, clinical institutions and regulatory bodies act closely together.
This book has been edited from the perspective of industrial research, and
emphasizes the fact that R&D in industry is significantly contributing
to many health related innovations and breakthroughs. The material
presented here is published as part of a Philips Research book series. Philips,
as one of the major players in the field, has a continuous, strong and
successful healthcare and wellness oriented research program. This program
is addressing very essential topics that will help shape the future of
medical care. It is linked to many academic research activities, and to
clinical research and validation performed at world-renowned hospital sites.

It is the general intention of this book to present a collection of
innovative and valuable contributions to healthcare technology. The chapters
were selected to cover different application areas ranging from hospital
to home, and to create different views on how technology influences
critical aspects of patient care. The aim was to gather a set of high quality

XiX



XX Preface

contributions, each addressing different aspects of technology and
application, resulting in a mix of state-of-the-art overviews, projections to
the future, discussion of trends, and - as for most chapters - the presentation
of research results for selected areas. Paradigm-changing developments
expected for the coming decades are indicated.

In particular, the book is intended to give an overview of recent research
results of the Philips healthcare and wellness research program, comple-
mented by contributions from Philips Medical Systems, and chapters
provided by distinguished clinical sites or universities. Improvement of
medical care is shown as the result of collaboration between industry,
academia and clinics. The content spans a combination of long-standing
industrial research areas (such as imaging technology), new and rapidly
evolving fields (like molecular medicine), important enabling technologies
(like medical information technology) and innovations that open up novel
ways to look at health care in a changing world (such as personal healthcare
home care, and healthcare consumer oriented aspects). Overwiew chapters
give general insight for the addressed research fields and also discuss trends
that will influence and shape healthcare technology in the future.

How is the book organized? We have prepared the material along a
number of specific healthcare related topics, reflected by the 6 independent
parts of the book:

The opening Healthcare trends part sets the stage for all the following,
describing some drivers for recent and future changes in healthcare. These
cannot be understood without the socio-economic developments in society,
particularly the aging society and the related growth of chronic disease,
and the healthcare politics that these developments induce. For advances
in technology, some major trends are singled out, such as the impact of
Moore’s Law on medical imaging, the revolutionary changes anticipated
through molecular medicine, and expected new and growing sectors such
as e-health and personal healthcare.

Diagnostic imaging is a long-standing and very successful area of
innovation and certainly a mainstay for improving diagnosis and therapy,
extending far into the future as more specific techniques such as molecular
imaging evolve. The past decades have seen an unmatched progress in the
optimization of imaging modalities towards better performance in speed and
resolution, and for new applications, enabled by computing power, new
imaging principles and agents. The attempt to complement anatomical with
functional information has seen developments combining the strength
of individual modalities. The imaging chapters in the second part give
an overview of state-of-the-art and address recent achievements of
imaging modalities. For CT, enabling technologies such as detectors and
reconstruction techniques are discussed. For X-ray based volume techniques,
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principles and clinical applications of 3D-rotational X-ray imaging on
conventional C-arm systems are presented. Representative for the many
advances in MRI, recent problems and methodological solutions are
described for coronary magnetic resonance angiography (CMRA). Improve-
ments in ultrasound include four-dimensional ultrasound imaging, which
impressively shows real-time rendering of moving anatomy with new
applications in interventional cardiology and radiology. In the last 10 years,
hybrid imaging systems such as PET/CT and SPECT/CT have become a
rapid scientific and commercial success, as they meet strong clinical
demands for matching anatomical and functional information. Continuous
research is ongoing to improve and optimize the imaging methods as well as
techniques for image fusion and co-registration.

The combination of diagnostic imaging with therapy is a significant
trend and is paving the road to treatment centres of the future. In image-
guided therapy (IGT), imaging is used to plan, implement and follow-up
treatment, and to improve treatment accuracy through better planning and
precise targeting. Recent trends and innovations in the field are reviewed in
part 3. Multi-modality-guided percutaneous ablation based on CT data and a
CT-integrated robot system are discussed. Successful techniques are described
for catheter-based cardiac interventions that have recently been introduced
into clinical practice. The field of high intensity focused ultrasound (HIFU)
is presented, a technology to generate therapeutic local hyperthermia inside
the body, using MRI guidance of the procedure to allow optimized in situ
target definition and the identification of nearby tissue to be spared. Another
application shown is image-guidance in adaptive radiation therapy through
monitoring the course of treatment. Finally, an example for molecular
imaging guided radiation therapy is presented in which the assessment of
tumor markers is investigated with the perspective to optimize future
radiation therapy.

Molecular medicine is expected to become the big game changer in
medical care. Understanding disease phenomena on the molecular level and
deriving according methods for diagnosis and therapy will truly be a
paradigm shifting change in medicine. Application wise, it has the potential
to take the step from a symptom-based diagnosis and treatment to a medicine
of the future focussing on prediction, prevention, understanding of disease
processes, highly individualized treatment and cure of diseases. Technology-
wise, it is marking a shift from traditional research disciplines such as
mechanics, electronics, and physics to molecular biology and genetics. The
main technologies that enable the field are the in vivo identification of
disease location through highly specific targeted agents (molecular imaging),
and the in vitro detection of biomarkers (molecular diagnostics). In part 4, a
comprehensive review of molecular imaging systems and their relevant
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properties (e.g. their sensitivity) is presented, followed by various chapters
on biomarkers and agents for diagnosis and therapy including their clinical
applications

Medical information technology appears as an important factor for
improving the quality and efficiency of patient care, for significantly
reducing cost, and as enabler for new methods and applications. IT support
has become essential for modern medicine. This part of the book starts with
a global view on the IT research field, focussing on technology for
physicians, patients and researchers. Challenges in the creation of electronic
medical records (EMR), departmental IT systems, and workflow solutions
are addressed. A growing field of medical IT research is its application in
computer-aided detection (CAD) and computer-aided diagnosis (CADx), for
which successful examples in lung nodule detection are presented. Another
vital field is covered through research on medical decision support systems
(DSS). Bioinformatics research shows that some areas in biology and
medicine are strongly based on IT and generate excitement about new
potential clinical applications such as clinical genotyping, early diagnosis,
prognostic disease models, personalized medicine and wellness monitoring.

Last but not least, the field of personal healthcare indicates important
changes in the healthcare system, induced by changes in the society such as
the aging population, the pressure to rethink healthcare financing, and
changing demands of health care consumers. New and rapidly emerging
sectors of care move away from the traditional cycle of hospital-based
diagnosis, therapy and follow-up: Self care, home care, remote monitoring
devices and services hold promises to individualize care while reducing cost.
Wellness programs and prevention measures become increasingly attractive
that support health and well being preceding the traditional hospital care, and
call for novel devices and services. Technology wise, new sensors, easy to
use devices for diagnosis, treatment and monitoring, electronics for home
and ubiquitous use mark the way to the aspects of personal healthcare as
presented in the final part of the book.

Gerhard Spekowius and Thomas Wendler, September 2005
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ADVANCES AND TRENDS IN HEALTHCARE

TECHNOLOGY
Stopping Diseases Before They Start

Robert Gossink', Jacques Souquet’
!Philips Research, Aachen, Germany, *SuperSonic Imagine SA, Aix-en-Provence
Cedex, France

Abstract: This introductory chapter describes the drivers for recent and future changes in
healthcare: (1) socio-economic developments in society (in particular the aging
society and the growth of chronic disease), (2) the healthcare politics that these
developments induce, and (3) advances in healthcare technology. Three major
trends in healthcare technology are singled out: The impact of Moore’s Law
on medical imaging, molecular medicine, E-health and personal healthcare.

Keywords:  Socio-economic developments, the aging society, chronic disease, healthcare
politics, medical technology, advances in medical imaging, molecular
medicine, E-health, personal healthcare

1. INTRODUCTION

Society today is in overdrive with no sign of braking or even slowing
down. Time and speed are the key parameters guiding our path. From the era
of the microsecond, we moved into the world of the nanosecond where
everything goes so fast that its representation is frozen, it cannot be captured
by the human eye. The Czech novelist, Milan Kundera, wrote: “Speed is the
new ecstasy that technology has bestowed on man”. By ecstasy, he meant a
simultaneous state of both imprisonment and freedom. Man is caught in a
fragment of time, totally disconnected from his past and his future.
Nowadays there is often reference made to ‘real time’. Does it mean that
time was ‘non-real’? The concept of real time first appeared in the mid
1950s, when mention was made of computers. But computers never dealt
with real time, they dealt with simulated time in simulated realities. Only
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recently with the fast increase of compute power, can we think of real time
compute applications.

In this fast moving world, also healthcare is changing at rapid speed,
influenced both by demographics and by advances in technology, mainly in
electronics and in molecular biology.

In this introductory chapter we will consider the main socio-economic,
political and technological factors influencing healthcare. After this, we
will describe three fields of technology that we see as the major ones in
healthcare.

2. DRIVERS IMPACTING THE GROWTH OF
MEDICAL TECHNOLOGIES
2.1 Socio-economics

The number of people of 65 or over is expected to grow in the USA from
35 million in 2000 to 70 million in 2030 (Figure 1-1). By that time one out
of five Americans will be 65 or older'. The gap between the average age
reached by male and by female is closing. Once 65, the remaining life
expectancy for male in the USA in 2000 was 16.3 years, whilst that for
female was 19.2 years.

Proportion of population aged 60
and over
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Figure 1-1. Proportion of population aged 60 and over in more and in less developed regions
(Source: WHO).

This trend to longer life is mainly due to declines in heart disease and
stroke mortality. These have to do with improved medical technology as
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well as with a healthier life style. Chronic diseases, such a diabetes and high
blood pressure, however, are becoming more prevalent among older adults.
Also, a considerable proportion of older Americans (about 20%) experience
mental disorders. For all developed countries similar trends can be
observed™’.

The increasing ratio of elderly, often retired, people versus younger
people, usually having a job — caused by a combination of longer life and a
lower childbirth in the population — puts a great pressure on society.
According to a recent study, 60% of healthcare costs are incurred by people
of 65 years or older’. These developments put pressure on income taxation
and other social costs, they put pressure on the level and onset of retirement
schemes and — relevant for the present chapter — it puts pressure on the
healthcare costs in society.

Healthcare costs show a general increasing trend (in the USA now more
than 1.7 trillion dollar/year or more than 15% of GDP, Figure 1-2). Since
the mid-1990s healthcare costs in the USA have grown on average by
9%/year®, the drivers being the above-mentioned aging society with the
related phenomenon of long-living individuals with non-lethal chronic
diseases, as well as the continuing advances in diagnosis and treatment
methods. According to projections by David Cutler’, healthcare costs will
further increase by another 6% of GDP in the coming 30 years, about
equally caused by the effects of the aging society and by the introduction of
new medical technology.

2.2 Healthcare politics

Although increasing healthcare spending can also be seen as an
opportunity for economic growth (more employment in the healthcare
system and new opportunities for companies in healthcare technology and
servicess), governments often see it as a threat. This leads to measures to
stimulate the efficiency and effectiveness of the healthcare system, whilst (in
most countries) trying to preserve the entrance to the healthcare system for
all members of the population. It also leads in the healthcare system itself to
growing attention for efficiency and effectiveness, leading to concepts like
managed care in order to control costs. Also, the tendency to form larger
conglomerates of healthcare providers as well as the trend to focus on the
core function of the care center (diagnosis and treatment) and to outsource
other functions (like the restaurant and hotel function), stem from the drive
to more efficiency. This leads to fewer hospital beds, fewer hospitals,
conglomerates of hospitals, and transfer of hospitals to for-profit organisations®.
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Another, sometimes opposing trend is that of the self-confident and often
well-informed patient. Patients belonging to the more affluent part of the
society (including many elderly), when placed in a situation where the
government wants to limit access to certain diagnosis or treatment methods,
are prepared to use their private resources. In countries like China, this is in
many cases anyhow needed to get access to advanced healthcare.

It reminds of the story of the robber directing a pistol at his victim’s chest
and asking: “your money or your life?” Usually, the choice is easily made.
It explains phenomena like ‘health tourism’ and ‘the CT in the shopping
mall’. It stimulates the tendency towards privatizations in the healthcare
market.

Information on health and disease is abundantly available, in particular
through the Internet. Patients thus have the opportunity to better inform
themselves, and many do. They may come to their doctor with own ideas
and demands on the diagnosis and treatment of their problems.

Governments as well as individuals take prevention more seriously and
try to stimulate a healthier life, developing more physical activity for greater
fitness and suppressing unhealthy habits like smoking and obesity.

Healthcare spending USA (% of
GDP) ~17%

13.0%

10.9%
1.3%
5.2% I

1970 1980 1990 2000 2010

estimate

Sources: Espicom Medistat, WHO
Figure 1-2. Healthcare spending in the USA as a percentage of GDP.

Advances in medicine and medical technology play a dual role in
increasing or reducing healthcare costs: They permit better diagnosis and
treatment, thus leading to a longer life expectancy and allowing an
acceptable quality of life, even for people having one or more chronic
diseases. An example is diabetes, where self-analysis and treatment make a
long life possible for patients who in earlier times in history or in less
developed countries would have died at an early age.

These advances, as we will see later, also help early detection or even
prevention of diseases and thus help avoid costs for expensive treatment.
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They may also allow more efficient procedures, such as minimal invasive
treatment (also reducing the length of hospital stay), faster and more reliable
diagnosis by computer-aided detection, and may also enable patients to be
monitored at home instead of in the clinic (as in the example of diabetes
patients; in the future this will also apply to cardiac patients being able to be
monitored at home or underway, whilst nevertheless being in contact with
their physician).

Also, modern IT and communication technology has enhanced and will
further enhance the efficiency of the healthcare system. It enables much
more efficient administrative procedures in the hospital and in the healthcare
system at large, it allows much faster access to and interpretation of medical
data, and it helps to avoid medical errors. In Germany, in the coming years, a
smart card will be introduced for all patients to be used in hospitals, with
general practitioners and with pharmacies all over the country, leading to a
better integration of and workflow in the healthcare system.

US Death Rates
1975-2000

Ages Less Than 65 Ages 65 and Over

Rato per 100,000 Rate per 100,000

110

3,500

26% of deaths
in 1975
100 44% of doaths

3.000| " in 175

Heart Disease

90 Heart Disease
2,500
Neoplasms

27% of deaths
in 2000 2000

33% of daaths

= in 2000

22% of deaths
in 1975
70

1,500

60 %oideatts  Neoplasms

in 1975

1,000
50 22% of deaths
19% of deaths in 2000

in 2000

40 T T T T 500 I B e s o L B e |
1975 1980 1085 1930 1995 2000 1975 1980 1085 1990 1985 2000

Year of Death Year of Death

Figure 1-3. Development of death rates in the US over the period 1975-2000 (Source: NCHS
public data).

There is a lack of quantitative studies on the net effect of new medical
technology on healthcare costs. The fact that the initial effect is spending
more money, may lead to sub-optimizations, e.g., by governments limiting
investments in advanced diagnostic equipment, thus causing other costs and
inconvenience, connected with waiting times for patients, lost economic
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activity and costs by medical complications due to non-optimal or late
diagnosis. It is estimated that in German hospitals alone, there is an
‘investment queue’ for imaging equipment of 15 million Euros. If factors
like gaining working hours by longer life and the value of increased life
expectancy are taken into account, the effect of the introduction of new
medical technology is clearly positive, as Cutler and McClellan’ have
calculated for a number of disease categories like cardiac disease: “around
70% of the survival improvement in heart attack mortality is a result of
changes in technology”. History has demonstrated that advances that really
help to improve the health of people can never be stopped, only delayed.

2.3 Healthcare technology

In the following sections we will summarize some of the main trends in
healthcare technology. There are two key technological drivers for these
trends: Ubiquitous electronics and Genomics/Proteomics.

Ubiquitous electronics: mainly enabled by the development in
semiconductor technology as described by Moore’s Law, we have seen rapid
progress over many years in the miniaturization and digitization of
electronics, in low-power electronics, in faster computing with ever smaller
computers, in data storage (hard-disk drives, optical storage and semi-
conductor memories), in larger and flatter displays, in wireless technologies
like mobile telephony and wireless LAN, in sensor technology and in
rechargeable batteries. This progress is continuing at unchanged speed.
These developments in electronics have enabled progress in medical
technologies over a wide field, including real-time 3D imaging with ever
higher resolution, image processing and computer-aided detection of
clinically relevant data, implantable devices, sensor systems in and on the
body, and many more.

Genomics and proteomics: the last decade has seen an explosion of the
knowledge on the structure and the functioning of the human body at
the cellular and molecular level. A major achievement was the unraveling of
the human genome. Our knowledge about the relationship how DNA
structures translate into proteins and the action of these proteins in the body
is growing daily. How this translation process is related to development and
treatment of diseases is extremely complex, and most of understanding this
still lies ahead of us. Nevertheless, first successes in using targeted contrast
media to image diseases at an early stage, have been achieved (‘molecular
medicine’, promise to individualize the detection and treatment of disease.
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They may permit measuring predisposition for certain diseases, detection of
disease at a very early stage and individual therapy much more effectively
than in the generalized approach used today. And even more, molecular
medicine may help to develop new pharmaceuticals in a much more efficient
way.

2.4 Healthcare in the future

How will medical care look like in a few decades from now? The
physician and the hospital concentrate much more on prevention and
aftercare, instead of having their focus on the acute phase of medical care
(‘disease management’).

The risk profile of the patient for acute or chronic diseases is assessed
on the basis of life style, family history and genetic predisposition; all these
data are stored in the electronic patient record (which is accessible to the
patient through the internet); the patient carries the essentials of this record
with him/her in a smart card with a large memory.

The patient, depending on his/her risk profile, is regularly screened for
the possible onset of acute disease or to follow the course of a chronic
disease. The patient at home can do part of this screening, if relevant in
wireless contact with the physician through a safe and privacy-protected data
link.

If the onset of a disease has been detected by molecular diagnosis, the
extent and the location of the disease is assessed by molecular imaging using
a contrast agent specifically targeted to the disease.

If surgical intervention is needed, this is done using an image-guided
minimal-invasive procedure.

Pharmaceutical treatment is individually adapted to the patient in terms
of the pharmaceutical and dose chosen, taking into account his/her individual
sensitivity to the drug. The dose in which the drug is delivered depends on
a feedback s