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Foreword

It is becoming obvious that only by fundamentally rethinking our healthcare systems
we can successfully address the serious challenges we are facing globally.

One of the most significant challenges is the aging of populations, which comes
with a high percentage of chronically ill people, often with multiple conditions. In
addition, there is a rising incidence of preventable lifestyle-related diseases caused
by risk factors such as obesity, smoking, and alcohol consumption. Today, chronic
diseases in EU already result in the loss of 3.4 million potential productive life years,
which amounts to an annual loss of e115 billion for the EU economy. At the same
time, we are being faced with a shortage of qualified healthcare professionals, and
with quality and efficiency issues in the way healthcare is delivered. Finally, public
spending on healthcare is steadily rising. The EU spends around 10% of its GDP
on healthcare. In 2015, US healthcare spending increased 5.8% to $3.2 trillion. The
costs are expected to continue rising—to unaffordable levels.

We need to transition to new care delivery models, addressing the quadruple
aim of (1) improving the health of populations, (2) reducing the per capita cost of
healthcare, (3) improving the patient experience including quality and satisfaction,
and (4) improving the work life of healthcare providers by providing necessary
support.

The good news is that digital technologies are by now so powerful, affordable,
and pervasive, that they help to make these goals achievable. The Internet of Medical
Things and artificial intelligence (AI) in particular are key enablers of the digital
transformation in healthcare. Connected medical devices will soon be everywhere,
from hospital to home, providing a rich variety of data. AI will be instrumental in
turning these data into actionable insights across the continuum of care.

But technology by itself will not be the answer. In the end, healthcare is all about
people. Meaningful innovation occurs when technology enables professionals to
deliver better care and when it empowers consumers and patients to better manage
their own health. This means that applying AI and data science to healthcare requires
a deep understanding of the personal, clinical, or operational context in which they
are used. That is why, at Philips, we believe in the power of adaptive intelligence.
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vi Foreword

Adaptive intelligence combines AI with human domain knowledge to create
solutions that adapt to people’s needs and environments—supporting them in their
daily work and lives. Adaptive intelligence augments people, rather than replacing
them. It acts like a personal assistant that can learn and adapt to the skills and
preferences of the person that uses it, and to the situation he or she is in. The
technology does not call attention to itself, but runs in the background—deeply
integrated into the interfaces and workflows of hospitals, and almost invisibly
embedded into solutions for the consumer environment.

This is not merely a future vision—it is becoming a reality today. This book
includes examples that show how data science and AI-enabled solutions are
already supporting clinical care and prevention of disease or health incidents. It
is very encouraging that advances in AI methods such as machine learning, natural
language processing, and computer vision can all improve people’s lives, when they
are employed wisely.

As we continue to make strides in the digital transformation of healthcare
systems, it is important to be aware of the possibilities of AI and data science—
and how they can be used in an effective and responsible way to help achieve
the quadruple aim. This book will help the reader to learn how to (1) extract new
knowledge from health data to improve healthcare delivery, (2) enable healthcare
systems to deliver better outcomes at lower costs, and (3) support the transition
from an acute, episodic care model to proactive chronic disease management.

Enjoy the read, and join this exciting journey!

Chief Technology Officer, Philips Henk van Houten
Eindhoven, The Netherlands



Preface

Healthcare systems around the world are facing vast challenges in responding to
trends of aging population, the rise of chronic diseases, resources constraints, and
the growing focus of citizens on healthy living and prevention. Consequently, there
is an increasing focus on answering important questions such as: (1) How do we
improve the rate of fast, accurate first-time-right diagnoses? (2) How can we reduce
the huge variance in costs and outcomes in health systems? (3) How do we get
people to take more accountability for their own health? (4) How can we provide
better health care at lower cost?

On the other hand, digitization and rapid advances in ICT technology are
enabling the capture of more data than ever before, including medical health records,
people’s vital signs and their lifestyle, data about health systems, and data about
population health in general. This tsunami of data per se does not immediately result
in better healthcare insights, but, on the contrary, if not used properly, it can be a
burden to people and result in clinicians spending more time with computers than
face to face with patients, or citizens being lost in data they are getting from health
trackers and many different sensors, or, again, patients reluctant to accept assistive
technologies. This is exactly the point where unlocking the power of data science
and artificial intelligence can help by making sense of the large amounts of data,
turning them into actionable insights providing mutual benefits to both patient and
medical professionals, also helping in answering the abovementioned questions.

Aim

The goal of this book is to boost the adoption of data science and artificial
intelligence solutions for healthcare by raising awareness of existing proof points
of these applications and underlying world-class innovations on data science and
artificial intelligence in healthcare. The book builds on several interconnected
disciplines, including advanced machine learning, big data analytics, data mining,
statistics, probabilistic modeling, pattern recognition, computer vision, and seman-
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viii Preface

tic reasoning, with direct application to modern HealthTech. Consequently, it shows
how the advances in the aforementioned scientific disciplines, as well as digital
data platforms, can create value within the healthcare domain and help in reaching
the quadruple aim of improving healthcare outcomes, lowering the cost of care,
enhancing the patient experience, and improving the work life of care providers.

In particular, the focus of this book is threefold. Firstly, the book aims at
demystifying data science and artificial intelligence methods that can be used to
extract new knowledge from health data and to improve healthcare delivery. The
application of digital technologies for healthcare is seeing a gradual transition to
integrated care delivery networks with the consumer at the center. The incoming
trends include increased self-management and individualized treatment paths. Thus,
secondly, the focus is on applications that enable health systems to deliver better
outcomes at lower cost, by boosting the digitization of the healthcare system. This
is the starting point for the application of data science and artificial intelligence
technologies supporting the move from reactive acute care to pro-active chronic
disease management, which is the third focus point of this book. By unlocking the
power of big data, connected health systems will be able to deliver personalized and
industrialized care models that will lead to a new era of outcome-based healthcare.

Organization

The book starts with three solid tutorial chapters on data science in healthcare,
to help readers understand the opportunities and challenges; become familiar
with the latest methodological findings in machine learning, in particular deep
learning, for healthcare; and help them understand how to use and evaluate the
performance of novel data science and artificial intelligence tools and frameworks.
These chapters are followed by 11 other chapters showing successful stories on the
application of the specific data science technologies in healthcare. The discussed
data science technologies and their applications in healthcare focus on, among
others, supervised learning, unsupervised learning, deep learning, natural language
processing, information retrieval, knowledge management and reasoning, data-
to-text, cognitive computation, process mining, smart networking, computational
optimization, visual analytics, and robotics.

Audience

This book is primarily intended for data scientists involved in the healthcare domain.
There is a clear need for healthcare data analysts to make sense of clinical and
personally generated health data more systematically. By reading this book, on
one hand computer scientists involved in the medical sector will be able to learn
the modern effective data science technologies to create innovation for HealthTech
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businesses; on the other, experts involved in the healthcare sector will become more
familiar with the advances in ICT and will be able to analyze and process (big) data
in order to apply these technologies holistically for patient care. Prior knowledge in
data science with real-world applications to the healthcare sector is recommended
to interested readers in order to have a clear understanding of this book.

Final Words

We are quite convinced that artificial intelligence and data science will further
advance, creating a great potential to industrialize the healthcare sector and to
improve the quality of healthcare while managing the costs. In the long run, these
technologies might be so impactful that they could result in a giant leap of humanity,
changing also the healthcare beyond our current expectations and bringing it closer
to maintenance of robotic technology. Let’s see which future we will create. Enjoy
the reading!

Eindhoven, The Netherlands Sergio Consoli
Cagliari, Italy Diego Reforgiato Recupero
Eindhoven, The Netherlands Milan Petković
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