Cambridge University Press

978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life
Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter

More information

Neurodevelopmental Outcomes
of Preterm Birth

From Childhood to Adult Life

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life

Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack
Frontmatter
More information

Neurodevelopmental

Outcomes of Preterm Birth
From Childhood to Adult Life

Fdited by

Chiara Nosarti
Institute of Psychiatry, London

Robin M. Murray

Institute of Psychiatry, London

Maureen Hack

Case Western Reserve University, Ohio

B2 CAMBRIDGE
ji; UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life

Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack
Frontmatter
More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,
Sao Paulo, Delhi, Dubai, Tokyo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521871792

© Cambridge University Press 2010

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2010
Printed in the United Kingdom at the University Press, Cambridge
A catalog record for this publication is available from the British Library

Library of Congress Cataloging in Publication data
Neurodevelopmental outcomes of preterm birth / [edited by] Chiara Nosarti, Robin M. Murray, Maureen Hack.
p. ; cm.
Includes bibliographical references and index.
ISBN 978-0-521-87179-2 (hardback)
1. Premature infants-Development. 2. Nervous system-Growth. 3. Brain-Diseases. I. Nosarti,
Chiara. II. Murray, Robin, MD, M Phil, MRCP, MRC Psych. III. Hack, Maureen.
[DNLM: 1. Mental Disorders—etiology. 2. Brain Damage, Chronic. 3. Diagnostic Imaging.
4. Infant, Low Birth Weight. 5. Mental Disorders-diagnosis. 6. Premature Birth. WS 350 N4935 2010]
RJ250.3.N48 2010
618.92'011-dc22 2009050377

ISBN 978-0-521-87179-2 Hardback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to
in this publication, and does not guarantee that any content on such
websites is, or will remain, accurate or appropriate.

Every effort has been made in preparing this publication to provide accurate and up-to-date
information which is in accord with accepted standards and practice at the time of publication.
Although case histories are drawn from actual cases, every effort has been made to disguise the
identities of the individuals involved. Nevertheless, the authors, editors and publishers can make no
warranties that the information contained herein is totally free from error, not least because clinical
standards are constantly changing through research and regulation. The authors, editors and
publishers therefore disclaim all liability for direct or consequential damages resulting from the use
of material contained in this publication. Readers are strongly advised to pay careful attention

to information provided by the manufacturer of any drugs or equipment that they plan to use.

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life

Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter
More information

Contents

List of contibutors  page vii
Preface  ix

Section 1; Introduction

1 Epidemiology of preterm birth 1
Stefan Johansson and Sven Cnattigius

2 The changing face of intensive care for
preterm newborns 17
John Wyatt

3 Clinical outcome: neurological sequelae
following preterm birth 30
Ingeborg Krigeloh-Mann

Section 2: Neuroimaging

4 Imaging the preterm brain 39
Terrie E. Inder, Russell K. Lawrence, and
Jeffrey J. Neil

5 Structural magnetic resonance
imaging 54
Richard W. 1. Cooke

6 Magnetic resonance imaging findings from
adolescence to adulthood 68
Matthew P. G. Allin, Muriel Walshe, and Chiara
Nosarti

7 Functional neuroimaging following very
pretermbirth 76
Chiara Nosarti and Larry Rifkin

8 Diffusion tensorimaging findings in preterm
and low birth weight populations 97
Matthew P. G. Allin

Section 3: Behavioral outcome

9 Behavioral outcome of preterm birth in
childhood and adolescence 113
Elaine Healy

10

11

12

13

14

15

16

Preterm birth and fetal growth in
relation to adult psychopathology 127
Christina M. Hultman and

Chiara Nosarti

Section 4: Neuropsychological
outcome

Cognitive and functional outcomes
of children born preterm 141
Betty R. Vohr

Methodological considerations
in neurodevelopmental outcome
studies of infants born
prematurely 164

Glen P. Aylward

Language function after preterm
birth 176
Teresa M. Rushe

A cognitive neuroscience
perspective on the development
of memory in children born
preterm 185

Michelle de Haan

Executive function development
in preterm children 195

Peter J. Anderson, Kelly Howard, and
Lex W. Doyle

Section 5: Applied research

Academic performance and learning
disabilities 209
H. Gerry Taylor

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life
Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter
More information
Contents
17 Pathways of risk and resiliency after Section 6: Conclusions
prematurity: role of socioeconomic
status 224 19 Integrative summary and future
Michael E. Msall, Mary C. Sullivan, and directions 251
Jennifer Park Chiara Nosarti, Robin M. Murray, and
. i Maureen Hack
18 Cognitive and behavioral
interventions 237
Marie C. McCormick and Index 265
Beth McManus Color plate section between pp. 150 and 151

Vi

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life

Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter
More information

Contributors

Matthew P. G. Allin MRCP MRCPsych DM

Clinical Lecturer in Psychiatry and Honorary
Consultant Psychiatrist, Institute of
Psychiatry at the Maudsley, King’s College
London, London, UK

Peter J. Anderson BA GradDip (AppPsych) PhD

C. R. Roper Fellow, School of Behavioural Science,
The University of Melbourne; Co-Director,
Victorian Infant Brain Studies Team; Co-Director,
Australian Centre for Child Neuropsychological
Studies, Melbourne, Australia

Glen P. Aylward PhD ABPP

Professor of Developmental and Behavioral
Pediatrics; Director, Division of Developmental and
Behavioral Pediatrics, Southern Illinois University
School of Medicine, Springfield, IL, USA

Sven Cnattigius MD PhD

Professor of Reproductive Epidemiology,
Department of Medical Epidemiology and
Biostatistics, Karolinska Institute, Stockholm,
Sweden

Richard W. I. Cooke MD FRCP FRCPCH

Professor, School of Reproductive and
Developmental Medicine, University of
Liverpool, Liverpool Women’s Hospital,
Liverpool, UK

Michelle de Haan PhD
Reader in Developmental Neuropsychology,

University College London Institute of Child
Health, London, UK

Lex W. Doyle MD BS MSc FRACP

Professor, Department of Obstetrics &
Gynaecology, University of Melbourne, Parkville,
Australia

Maureen Hack MB ChB
Professor of Pediatrics, Case Western Reserve

University, Rainbow Babies & Children’s Hospital,
Cleveland, OH, USA

Elaine Healy MRCPsych PhD
Consultant Child and Adolescent Psychiatrist,
Lucena Clinic, Dublin, Ireland

Kelly Howard PhD

Postdoctoral Researcher, School of Behavioural
Science, The University of Melbourne,
Melbourne, Australia

Christina M. Hultman PhD PsychD

Professor of Psychiatric Epidemiology,
Department of Medical Epidemiology and
Biostatistics, Karolinska Institute, Stockholm,
Sweden

Terrie E. Inder MD PhD

Professor of Neuroimaging, Washington
University School of Medicine, St Louis, MO,
USA

Stefan Johansson MD PhD

Pediatrician and Neonatologist,

Department of Medical Epidemiology and
Biostatistics, Karolinska Institute, Stockholm,
Sweden

Ingeborg Krageloh-Mann MD

Professor of Pediatric and Developmental
Neurology, University Children’s Hospital,
Tiibingen, Germany

Russell K. Lawrence MD

Instructor in Pediatrics, Department of
Pediatrics, Washington University School of
Medicine, St Louis, MO, USA

vii

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life

Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter
More information

viii

List of contributors

Marie C. McCormick MD ScD

Sumner and Esther Feldberg Professor of
Maternal and Child Health, Department of
Society, Human Development and Health,
Harvard School of Public Health, Boston, MA,
USA

Beth McManus PT MS MPH ScD
Robert Wood Johnson Health and
Society Postdoctoral Fellow,

University of Wisconsin,
WI, USA

Michael E. Msall MD
Professor of Pediatrics, Section of Developmental
and Behavioral Pediatrics, University of Chicago

Pritzker School of Medicine, Comer and
LaRabadia Children’s Hospitals, Chicago, IL, USA

Robin M. Murray MD DSc FRCP FRCPsych FMedSci
Professor of Psychiatric Research, Institute

of Psychiatry at the Maudsley, King’s College
London, London, UK

Jeffrey J. Neil MD PhD
Allen P. and Josephine B. Green Professor of

Neurology, Washington University School of
Medicine, St. Louis, MO, USA

Chiara Nosarti PhD
Senior Lecturer in Mental Health Studies and

Neuroimaging, Institute of Psychiatry at the
Maudsley, King’s College London, London, UK

Jennifer Park MA

Research Project Professional, University of
Chicago Pritzker School of Medicine, Kennedy
Center on Neurodevelopmental Disability,
Institute of Molecular Pediatric Sciences, Section

of Community Health, Ethics, and Policy, Comer
and La Rabida Children’s Hospitals, IL, USA

Larry Rifkin MRCPsych

Honorary Senior Lecturer in Psychiatry and
Consultant Psychiatrist, Institute of Psychiatry at
the Maudsley, King’s College London, London,
UK

Teresa M. Rushe PhD
Senior Lecturer in Psychology, University of
Ulster, Londonderry, UK

Mary C. Sullivan PhDRN

Professor of Nursing and Maternal and Child
Health, University of Rhode Island College of
Nursing, Kingston, RI, USA

H. Gerry Taylor PhD

Professor of Pediatrics, Case Western Reserve
University, Rainbow Babies & Children’s Hospital,
Cleveland, OH, USA

Betty R.Vohr MD

Professor of Pediatrics, Department of

Pediatrics, Brown University Medical School;
Medical Director, Rhode Island Hearing
Assessment Program; Director, Women & Infants’

Hospital Neonatal Follow-up Clinic, Providence,
RI, USA

Muriel Walshe PhD
Lecturer, Institute of Psychiatry at the Maudsley,
King’s College London, London, UK

John Wyatt FRCP FRCPCH

Professor of Neonatal Paediatrics, Department
of Paediatrics, University College London,
London, UK

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521871792
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-87179-2 - Neurodevelopmental Outcomes of Preterm Birth: From Childhood to Adult Life
Edited by Chiara Nosarti, Robin M. Murray and Maureen Hack

Frontmatter
More information

Preface

At a time of exciting advances in neonatal intensive
care and neuroimaging methods, when surviving pre-
term children represent an increasing percentage of
the population, we conceived the current volume to
provide the first single-source reference on the latest
findings from research into the neurodevelopmental
outcome following preterm birth.

New knowledge about the long-term cognitive,
neurosensory, neurobiological, social, and behavio-
ral correlates of preterm birth has emerged in the past
decade mainly from two sources. Firstly, from “histori-
cal” studies of the initial preterm survivors who were
examined from birth and have now reached adulthood.
Secondly, from more recent studies using sophisti-
cated neurodevelopmental assessments of the preterm
infant at term, including neonatal magnetic resonance
imaging techniques, which may potentially be used to
identify the mechanisms underlying variations in out-
come later in life; this may enable subgroups of individ-
uals who are at increased risk of neurodevelopmental
problems to benefit from appropriate intervention
strategies which may be devised.

In this volume, many of the most admired and pro-
lific investigators in different areas of preterm research
present a comprehensive and up-to-date perspective on
their work and areas of expertise, including directions
for the future. We have been extremely fortunate to
secure contributions from these researchers who have
been instrumental in increasing the existing knowledge
of the neurodevelopmental sequelae of preterm birth.

The volume is divided into six sections. The first
introductory section presents an overview of the epi-
demiology of preterm birth and associated envir-
onmental and biological risk factors (Chapter 1). A
historical account of the developments in neonatal
care for preterm infants over the past 50 years is then
provided, together with an exploration of the mecha-
nisms of brain injury in the vulnerable preterm brain,
which provides a powerful means for the development
of preventative strategies (Chapter 2). A summary of
the current state of knowledge of the clinical outcomes

following various types and degrees of brain injury
from a neurological perspective is then given (Chapter
3). Here we need to remember not only the importance
of studying patterns of neurological and developmental
disorders associated with very preterm birth, but also
the context of the constantly changing and improving
nature of neonatal intensive care.

The second section of the volume documents
progress in neuroimaging research using various tech-
niques, such as neonatal cranial ultrasound (Chapter
4), structural (Chapter 5) and functional (Chapter 7)
magnetic resonance imaging, and diffusion tensor
imaging (Chapter 8). Neonatal neuroimaging studies
have identified several types of white and gray matter
alterations in preterm infants compared to controls,
and have also shown that severely abnormal findings
can help to predict adverse neurodevelopmental out-
comes. Valuable guidelines for the use of the various
neonatal imaging techniques are provided (Chapter 4).
Existing knowledge concerning longitudinal changes
in the preterm brain in the framework of normal brain
development is discussed in Chapter 6. Apart from the
identification of injury-impairment relationships, an
encouraging finding which emerges from neuroimag-
ingdataisthe suggestion that processes of brain plastic-
ity may enable the preterm brain to compensate, to an
extent, for injuries that would cause severe loss of func-
tion in an adult, but often only result in mild impair-
ment of functioning in preterm-born individuals.

The third section addresses research into the
behavioral outcome following preterm birth, with spe-
cific chapters on childhood and adolescent (Chapter 9)
and adult outcomes (Chapter 10). Although intrauter-
ine and neonatal factors seem to be important in the
pathogenesis of psychiatric disorders, no consensus
has yet been reached concerning the interpretation of
theassociation between preterm birth and psychopath-
ology. Some methodological challenges in the field are
discussed here.

The fourth section considers research on neuro-
psychological functioning following preterm birth.
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Preface

Individual chapters provide summaries of research
into the cognitive domains which have been found to
be affected in preterm populations, such as language
(Chapter 13), memory and learning (Chapter 14), and
executive function (Chapter 15). Furthermore, this
section includes an overview on the cognitive and func-
tional profile of the preterm child (Chapter 11). Issues
concerning neuropsychological outcomes as possi-
ble mediators of the effects of biological risks are also
discussed. In addition to potential cause-effect infer-
ences, Chapter 12 outlines methodological consider-
ations which readers need to take into account when
interpreting the results of outcome studies of individ-
uals born very preterm/very low birth weight .

The fifth section links the current knowledge of the
neurodevelopmental processes in preterm individuals
with the environment in which they grow up. Chapter
16 summarizes studies investigating the educational
attainment of preterm children and describes the sub-
stantial social impact of the often reported academic
problems, both in terms of economic costs associated
with educational resources and in terms of psychoso-
cial adjustment of the preterm-born individual later
in life. The impact of environmental variables, which
may interact with and affect educational as well as
neurodevelopmental outcome, sometimes independ-
ent of biological risks, are discussed in Chapter 17. A
detailed overview of the results of intervention pro-
grams aimed at improving the neurodevelopmental
outcome of very preterm individuals by limiting cog-
nitive and behavioral complications, and providing
cognitive enhancers, is given in Chapter 18. The results
of published studies support the effectiveness of early
intervention programs in improving the short- and
medium-term cognitive outcomes, but they appear

too heterogeneous to provide guidance on what may
be the optimal duration and intensity of the inter-
vention. Further research into ways of minimizing
the impact of perinatal complications, especially in
infants at greater biological (the extremely immature
and low birth weight infants) and environmental risk
(the socioeconomically disadvantaged), is warranted.

In the final section we summarize what is known
to date about the neurodevelopmental sequelae of
preterm birth, what the findings explain, and what
research challenges are still unmet. We highlight
some areas of research which could help further our
understanding of the pathways to risk as well as resili-
ence after preterm birth. These include the study of the
molecular basis and genetic contribution to suscepti-
bility to brain injury and of ways to modify the socio-
demographic environment in which preterm infants
grow and develop, including wider availability of and
accessibility to intervention programs (Chapter 19).

We hope that this volume will be a valuable source
of reference for pediatricians and neurologists, psychi-
atristsand psychologists, educators and neuroscientists
alike, as we have attempted to discuss the implica-
tions of research findings for clinical practice. Apart
from providing an up-to-date and concise summary
of the explosion of research in this field, this volume
aims to provide an accessible source of information
across several disciplines. This book will have served
its purpose if it succeeds in inspiring the next genera-
tion of researchers and clinicians to further knowledge
of the pathophysiology of preterm birth and its neu-
rodevelopmental sequelae, and lead on to the design
and implementation of appropriate intervention ser-
vices for individuals at risk of short- and long-term
complications.
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