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Preface

Following the intense research activities of the last decade, artificial neural
networks have emerged as one of the most promising new technologies for
improving the quality of healthcare. Many successful applications of neural
networks to biomedical problems have been reported which demonstrate,
convincingly, the distinct benefits of neural networks, although many of these have
only undergone a limited clinical evaluation. Healthcare providers and developers
alike have discovered that medicine and healthcare are fertile areas for neural
networks: the problems here require expertise and often involve non-trivial pattern
recognition tasks - there are genuine difficulties with conventional methods, and
data can be plentiful.

The intense research activities in medical neural networks, and allied areas of
artificial intelligence, have led to a substantial body of knowledge and the
introduction of some neural systems into clinical practice. An aim of this book is
to provide a coherent framework for some of the most experienced users and
developers of medical neural networks in the world to share their knowledge and
expertise with readers.

Despite the significant number of research projects, artificial neural networks have
not yet received widespread acceptance in medicine and healthcare. This is due, to
a large extent, to problems associated with the safety critical nature of the medical
domain. As yet, we do not have a full understanding of how neural networks
actually reach specific conclusions, and most medical neural networks developed
so far have not undergone extensive clinical evaluations. Against this background,
it is easy to see why there are very few neural systems in routine clinical use.

This book is a survey of accomplished applications of neural network methods to
biomedical diagnosis, medical data analysis and related areas. It comprises tutorial
articles, and self-contained case studies. The latter involve the specialisation of
neural networks to the solution of specific clinical problems, usually in
collaboration with medical experts and other healthcare workers. Some of the
applications are mature and can be viewed as good models of how to develop
medical neural systems, including the stages which a successful artificial intelligent
system should go through. We hope that the presentation of such mature
applications in the book will facilitate the transfer of neural networks technology
into clinical practice.
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The authors include users and developers: medical doctors, engineers, scientists
and industrialists from Europe and the USA. The medical neural systems described
include some that are now in routine clinical use and some that have reached an
advanced stage of development, having undergone extensive clinical evaluations.
These include the Papnet, a medical neural network system which has been
approved by the US Food and Drug Administration (FDA) for the quality control
of smears to assist clinicians in the area of diagnostic cytology (cancer detection
and cancer diagnosis), and the neural network-based system, ProstAsure which is
used for the early detection of prostate cancer in men. The latter system also
provides an insight into a likely growth area for medical neural networks and other
intelligent systems in the next century, namely as a key component of a remote,
on-line data processing and analysis service. As patient records and data become
readily available in digital format such a service is likely to become an integral part
of an on-line healthcare delivery systems.

The book covers a wide range of other medical applications of neural networks,
including EEG and evoked potential analysis (e.g. for tumour detection,
assessment of brain dysfunction, and assessment of intra-operative anaesthesia),
analysis of spinal injury and functional electrical stimulation, patient monitoring in
intensive care units, pathological speech analysis, diagnosis of different types of
cancer and genetic disorders, and diabetic retinopathies studies. We find that most
of the applications exploit the pattern recognition capability of neural networks,
diagnosing or detecting the presence of specific diseases or to determining the
outcome of a disease. Neural networks have also been used at a lower level for
front-end, event detection and classification prior to high level decision making.

Many of the applications confirm the importance of data pre-processing as an
important factor in the successful training and use of medical neural networks in the
real-world. Data pre-processing simplifies the network and imparts it with domain
knowledge by extracting high level features, often those that are used by human
experts, to enhance the efficiency of learning and performance during use. The
basic neural network methods covered in this book include a variety of
architectures and learning paradigms — e.g. the Multi-Layer Perceptron, Bayesian
networks, self-organising networks and the Fuzzy Artmap.

The book contains 19 chapters, arranged in 4 thematic sections:

e Tutorial;

*  Computer aided diagnosis;
*  Signal Processing;

»  Image Processing.

Each section includes a brief introduction to put the materials into context, and
each chapter features at least one biomedical application of neural networks. Each
chapter covers some, or all, of the following aspects:
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An overview of the medical condition at the focus of the study;

*  Anintroduction to the technical aspects of neural computing which need to be
resolved in order to arrive at a solution, written in a self-contained manner;

+  The impact of practical issues such as missing data, low prior probabilities for
certain classes, the structuring of decision making processes and data pre-
processing;

*  Validation issues, including benchmarking results using alternative methods,
relating them to a 'gold' standard;

+  Issues relating to the acceptance of neural systems by healthcare practitioners.

This book is of interest to clinicians, engineers, managers, academics, and students
who are interested in medical applications of neural networks and their transfer into
clinical practice.

Finally, the Editors are grateful to the authors for their hard work and for sharing
their experiences so readily. We thank Nick Power for his painstaking efforts in
assembling the camera ready copy of this book, and the staff of Springer Verlag for
their understanding, patience and support throughout this project

Paulo Lisboa, Emmanuel Ifeachor and Piotr Szczepaniak
June, 1999.
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