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Remarkable progress in perioperative care over the past decades has led to more complex surgery
now being offered to the frail and elderly. One of the unresolved challenges has been dealing with
the associated risk of both short- and long-term postoperative cognitive impairment. This
wonderful book condenses all of the latest information from many clinical disciplines and diverse
fields of research, with overviews of key topics, practical advice for clinicians, and crucial insights
for researchers. The breadth and depth of coverage, and expert evidence-based critique, are
impressive. This is an essential reference text for perioperative clinicians, researchers and students.

Paul Myles, MPH, MD, DSc

Professor/Director, Alfred Hospital and Monash University
Melbourne, Australia

In the age of maintaining brain health, the preservation of cognitive well-being, and the increasing
awareness of the burden and role of delirium, The Perioperative Neurocognitive Disorders presents
a clear roadmap to help navigate this complex clinical landscape. Organized in four sections, the
book successfully melds four differing, yet interrelated, perspectives. The editors, Roderic
Eckenhoff and Niccolò Terrando, have amassed important contributions that span the conceptual
basis of cognitive function, the pathophysiology, the symptomatology/diagnosis, and the clinical
recommendations for perioperative neurocognitive disorders. As international public health
efforts continue to expand and develop ever more effective multi-modal strategies to preserve and
maintain personal independence, The Perioperative Neurocognitive Disorders provides a key
resource for multiple audiences spanning from health care providers to health care policy
formulators.
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Editor-in-Chief, Care Weekly

Executive Vice-President, Campaign to Prevent Alzheimer’s
501(c)(3) not-for-profit corporation

Chair and President, National Biomedical Research Ethics Council, Inc.
501(c)(3) not-for-profit corporation

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

The Perioperative
Neurocognitive
Disorders

Edited by

Roderic G. Eckenhoff
University of Pennsylvania

Niccolò Terrando
Duke University

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre,

New Delhi – 110025, India

79 Anson Road, #06–04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the

pursuit of education, learning, and research at the highest international levels

of excellence.

www.cambridge.org

Information on this title: www.cambridge.org/9781107559202

DOI: 10.1017/9781316402504

© Cambridge University Press 2019

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 2019

Printed in the United Kingdom by TJ International Ltd. Padstow Cornwall

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging-in-Publication Data

Names: Eckenhoff, Roderic G., editor. | Terrando, Niccolò, 1986- editor.

Title: The perioperative neurocognitive disorders / edited by Roderic

G. Eckenhoff, Niccolò Terrando.

Description: Cambridge, United Kingdom ; New York, NY : Cambridge

University Press, 2019. | Includes bibliographical references.

Identifiers: LCCN 2018045897 | ISBN 9781107559202 (paperback)

Subjects: | MESH: Neurocognitive Disorders–surgery | Perioperative

Care–psychology | Perioperative Period–psychology | Postoperative

Complications–psychology | Neurocognitive Disorders–diagnosis |

Neuropsychological Tests

Classification: LCC RD593 | NLM WM 204 | DDC 617.4/8–dc23

LC record available at https://lccn.loc.gov/2018045897

ISBN 978-1-107-55920-2 Paperback

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 book to provide accurate and

up-to-date information that 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 book. Readers are strongly advised to pay careful

attention to information provided by the manufacturer of any drugs or

equipment that they plan to use.

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

Contents

List of Contributors vii

Preface: Introduction, Definitions, and Nomenclature ix

Section 1 Cognitive Function in
Perioperative Care

1 Emergence Delirium: A New

Hypothesis for an Old Problem 1

Alexander Proekt

2 Postoperative Delirium 11

Jennifer Gabbard, Frederick E. Sieber,
and Esther S. Oh

3 Postoperative Cognitive

Dysfunction: An Overview 24

Jennifer Nelli, Deborah J. Culley, and
Gregory Crosby

4 Postoperative Cognitive

Improvement 34

Franchesca Arias, Kimberly T. Sibille,
and Catherine C. Price

5 Persistent Perioperative

Neurocognitive Disorder: Does

Surgery Accelerate Dementia? 48

Katie J. Schenning and Kirk J. Hogan

Section 2 Pathophysiology of
the Perioperative
Neurocognitive Disorders

6 Animal Models and Cognitive

Testing of Perioperative

Neurocognitive Disorder 61

Maryellen F. Eckenhoff and Colm
Cunningham

7 Anesthesia and

Neurodegeneration 82

Phillip Vlisides and Zhongcong Xie

8 Pharmacologic (Receptor-Based)

Mechanisms of Perioperative

Neurocognitive Disorder 92

Lauren G. Powlovich and Zhiyi Zuo

9 Surgery and the Inflammatory

Response 101

Azeem Alam and Daqing Ma

10 Comorbidities and Postoperative

Neurocognitive Disorder 115

Mervyn Maze and Xiaomei Feng

Section 3 Symptomatology
and Diagnosis for the
Perioperative Neurocognitive
Disorders

11 Cognitive Testing for Perioperative

Neurocognitive Disorder 123

Lisbeth Evered

12 Biomarkers of Postoperative

Cognitive Dysfunction: Finding the

Signal amid the Noise 134

Miles Berger, S. Kendall Smith, and
Anver Khan

13 Neuroimaging in the Perioperative

Neurocognitive Disorders 152

James W. Ibinson

v

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

Section 4 Clinical
Recommendations and
Prevention

14 Preoperative Testing to Identify

Vulnerable Subgroups 167

Margaret C. Fahey, Gregory Crosby,
and Deborah J. Culley

15 Informed Consent and Cognitive

Impairment 179

Brendan Silbert and David A. Scott

16 Perioperative Neurocognitive

Disorder Mitigation

Strategies 190

Roderic G. Eckenhoff and Niccolò
Terrando

Index 199

The plate section (Chapter 13 figures only) is found between pages 148 and 149

vi Contents

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

Contributors

Azeem Alam, MBBS

Anaesthetics, Pain Medicine, and Intensive
Care, Department of Surgery and Cancer,
Faculty of Medicine, Imperial College
London, London, UK

Franchesca Arias, PhD

Pain Research and Intervention Center of
Excellence, Perioperative Cognitive
Anesthesia Network and Department of
Clinical and Health Psychology, University
of Florida, Gainesville, FL, USA

Miles Berger, MD, PhD

Department of Anesthesiology, Duke
University Medical Center, Durham,
NC, USA

Gregory Crosby, MD

Harvard Medical School, Brigham
and Women’s Hospital, Boston,
MA, USA

Deborah J. Culley, MD

Harvard Medical School, Brigham and
Women’s Hospital, Boston, MA, USA

Colm Cunningham, PhD

Trinity College Institute of Neuroscience
and School of Biochemistry and
Immunology, Trinity College, Dublin,
Ireland

Maryellen F. Eckenhoff, PhD

Department of Anesthesiology and Critical
Care, Perelman School of Medicine,
University of Pennsylvania, Philadelphia,
PA, USA

Roderic G. Eckenhoff, MD

University of Pennsylvania, Philadelphia,
PA, USA

Lisbeth Evered, BSc, MBiostat, PhD

Centre for Anaesthesia and Cognitive
Function, Department of Anaesthesia and
Acute Pain Medicine, St. Vincent’s
Hospital, and Anaesthesia, Perioperative
and Pain Medicine Unit, Melbourne
Medical School, University of Melbourne,
Melbourne, Australia

Margaret C. Fahey, MA

Harvard Medical School, Brigham and
Women’s Hospital, Boston, MA, USA

Xiaomei Feng, PhD

Department of Anesthesiology, University
of California, San Francisco, San Francisco,
CA, USA

Jennifer Gabbard, MD

Johns Hopkins School of Medicine,
Baltimore, MD, USA

Kirk J. Hogan, MD, JD

School of Medicine and Public Health,
University of Wisconsin, Madison,
WI, USA

James W. Ibinson, MD, PhD

School of Medicine, University of
Pittsburgh, Pittsburgh, PA, USA

Anver Khan, BA

Department of Anesthesiology, Duke
University Medical Center, Durham,
NC, USA

Daqing Ma, PhD

Anaesthetics, Pain Medicine, and Intensive
Care, Department of Surgery and Cancer,
Faculty of Medicine, Imperial College
London, London, UK

vii

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

Mervyn Maze, MD

Department of Anesthesiology, University
of California, San Francisco, San Francisco,
CA, USA

Jennifer Nelli, MD

Harvard Medical School, Brigham and
Women’s Hospital, Boston, MA, USA

Esther S. Oh, MD

Johns Hopkins School of Medicine,
Baltimore, MD, USA

Lauren G. Powlovich, MD

Department of Anesthesiology, University
of Virginia, Charlottesville, VA, USA

Catherine C. Price, PhD, ABPP-CN

Department of Clinical and Health
Psychology and Perioperative Cognitive
Anesthesia Network, University of Florida,
Gainesville, FL, USA

Alexander Proekt, MD, PhD

Department of Anesthesiology and Critical
Care, Perelman School of Medicine,
University of Pennsylvania, Philadelphia,
PA, USA

Katie J. Schenning, MD

Department of Anesthesiology and
Perioperative Medicine, Oregon Health and
Science University, Portland, OR, USA

David A. Scott, MB, BS, FANZCA,

FFPMANZCA, PhD

Centre for Anaesthesia and Cognitive
Function, Department of Anaesthesia and
Acute Pain Medicine, St. Vincent’s
Hospital, and Anaesthesia, Perioperative
and Pain Medicine Unit, Melbourne
Medical School, University of Melbourne,
Melbourne, Australia

Kimberly T. Sibille, MA, PhD

Department of Aging and Geriatric
Research, Pain Research and Intervention
Center of Excellence and Cognitive Aging
and Memory Clinical Translational
Research Program, University of Florida,
Gainesville, FL, USA

Frederick E. Sieber, MD

Johns Hopkins School of Medicine,
Baltimore, MD, USA

Brendan Silbert, MB, BS, FANZCA

Centre for Anaesthesia and Cognitive
Function, Department of Anaesthesia and
Acute Pain Medicine, St. Vincent’s
Hospital, and Anaesthesia, Perioperative
and Pain Medicine Unit, Melbourne
Medical School, University of Melbourne,
Australia

S. Kendall Smith, MD, PhD

Department of Anesthesiology, Duke
University Medical Center, Durham,
NC, USA

Niccolò Terrando, BSc, DIC, PhD

Duke University, Durham, NC, USA

Phillip Vlisides, MD

Department of Anesthesiology, University
of Michigan Medical School, Ann Arbor,
MI, USA

Zhongcong Xie, MD, PhD

Department of Anesthesia, Critical Care,
and Pain Medicine, Massachusetts General
Hospital, Harvard Medical School, Boston,
MA, USA

Zhiyi Zuo, MD, PhD

Department of Anesthesiology, University
of Virginia, Charlottesville, VA, USA

viii List of Contributors

www.cambridge.org/9781107559202
www.cambridge.org


Cambridge University Press
978-1-107-55920-2 — The Perioperative Neurocognitive Disorders
Edited by Roderic G. Eckenhoff , Niccolò Terrando 
Frontmatter
More Information

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

Preface

Introduction, Definitions, and Nomenclature
The occurrence of personality, sensory, and cognitive disturbances after anesthesia and
surgery has been recognized for many decades, although the magnitude, duration, and
causes have remained a matter of debate. Certainly the transient occurrence of delirium
after surgery is well known, and the various forms are reviewed here by Drs. Proekt
(Chapter 1) and by Drs. Gabbard, Sieber, and Oh (Chapter 2). The more durable forms
of cognitive impairment after surgery have been more enigmatic. In the past two decades,
the application of strict neurocognitive testing by research groups has definitively docu-
mented impairments lasting from weeks to months, and thus a term was coined:
postoperative cognitive dysfunction (POCD), a “syndrome” reviewed in depth here by Drs.
Nelli, Culley, and Crosby (Chapter 3). Complicating the analysis of POCD has been the fact
that a large number of patients may actually have cognitive improvement as a result of
enhanced mobility after orthopedic surgery or reduced pain perhaps following cancer
resection. Thus, postoperative cognitive improvement (POCI) is reviewed here by Drs.
Arias, Sibille, and Price (Chapter 4). Completing Section 1 of this book is the more
contentious, but critically important, topic of whether anesthesia and surgery result in a
persistent cognitive disorder, such as mild cognitive impairment or dementia, an area
discussed in detail by Drs. Schenning and Hogan (Chapter 5).

An interesting aspect of these early “definitive” clinical studies is the strict research
definitions for impairment, often reflecting change from preoperative values, a topic
reviewed expertly by Dr. Evered (Chapter 11) in the beginning of Section 3. Interestingly,
these definitions and criteria were used without any requirement for a subjective complaint.
Furthermore, even the research definitions varied, as did the timing of evaluation, and there
existed no metric for magnitude. Finally, despite similarity of the cognitive impairments
and risk factors (age, education, etc.) to cognitive disorders in the general geriatric commu-
nity, the terminology was different and not recognized outside of the discipline of anesthesi-
ology. Thus, an interdisciplinary group of international physicians, scientists, and
neuropsychologists met several times over a three-year period, with the goal of producing
a new clinical nomenclature for the perioperative neurocognitive disorders (PND). This is
now released as of October 2018, and meets the goal of aligning the terminology with that of
the general geriatric community by starting with the DSM-5 terminology and definitions.
Delirium already exists in the DSM-5, but the adoption of the modifier, “postoperative”
was encouraged to recognize the very common occurrence of postoperative delirium
(POD). Similarly, both mild and major neurocognitive disorder (NCD) (roughly, mild
cognitive impairment [MCI] and dementia, respectively) are suggested to include the same
modifier if first detected within 12 months of operation. If first detected more than
12 months after surgery, the modifier is dropped as any association with the surgery is
difficult to make. Since this nomenclature is intended to be used clinically, it is critical to
note that both forms of NCD require a subjective complaint, a large departure from
previous studies of POCD. Because surgery represents a distinct point in time, and since
it is occasionally associated with prolonged recovery, the period of time between discharge
and full apparent physical and physiological recovery could be associated with cognitive

ix
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impairment that is transient in nature. The DSM-5 is silent in such cases. Thus a new term
was introduced to label cognitive impairment in this period (discharge to 30 days post-
operative); delayed neurocognitive recovery (dNCR), with the same requirement for a
subjective complaint. A review of the literature suggests that this is the most common
form of PND, although it is not clear at the time of this writing whether the occurrence of
dNCR is an independent risk factor for the subsequent development of NCD.

Although clues to the underlying causes of cognitive impairment were sought in these
early clinical studies (e.g., incidence of intraoperative hypotension, and hypoxemia), little
was apparent, and thus the mechanisms awaited discovery through preclinical studies, and
area we deal with in Section 2. Initial preclinical work into mechanisms implicated the
anesthetic drugs themselves. This made intuitive sense because the target organ of these
drugs is the brain, and it seemed plausible that not all effects might be reversible. And
indeed, the anesthetic drugs, especially the volatile ones, appeared to interact with neuro-
degeneration pathways in a way that should accelerate pathology and presumably the
associated cognitive decline. This area is expertly considered in the chapters by Drs. Vlisides
and Xie (Chapter 7) and Drs. Powlovich and Zuo (Chapter 8). However, when taken from
test-tube and cell culture to intact, wild-type animals, it became less clear that the anesthetic
alone was causing significant harm. The models and behavioral paradigms that investi-
gators use to test these hypotheses are varied, results often subtle, and variable, and open to
alternate interpretations. Thus Drs. Eckenhoff and Cunningham provide Chapter 6 in
Section 2, which deals with the subject of animal studies, their proper conduct, and
outcomes to inform the reader of these important issues.

Since our elderly patients clearly have a large incidence of cognitive problems after
anesthesia and surgery, and since the animals did not after anesthesia alone, perhaps the
surgery itself had the larger cognitive impact. This was plausible as it was already known
that activation of the peripheral innate immune response can either be directly transferred
to the brain across a leaky blood-brain barrier, or telegraphed to the brain via vagal
afferents. Substantial evidence has accrued to support this notion, and is detailed in a
chapter by Drs. Alam and Ma (Chapter 9). Finally, since it is clear that comorbidities like
diabetes and cardiovascular disease are risk factors for cognitive impairments, we include a
chapter in Section 2 by Drs. Maze and Feng (Chapter 10) on the contributions of these
conditions, as well as general metabolic condition, to PND.

Are there biomarkers that can help risk-stratify and monitor our older patients? These
would be extremely important, not only in individuals to help establish risk, but also in
research to enrich study populations for those most at risk, as well as to provide clues for
underlying mechanisms. The use of both blood and cerebrospinal fluid (CSF) biomarkers
is discussed by Drs. Berger, Smith, and Khan in Chapter 12 of Section 3, and the use of
imaging biomarkers is presented by Dr. Ibinson (Chapter 13).

To close this book, we ask what should practitioners of perioperative medicine do about
perioperative brain health? First and foremost, the brain remains the one organ system that
is not subjected to preoperative testing, despite being the target organ of general anesthetics.
Furthermore, it is now clear that preexisting cognitive impairment is the most robust risk
factor for postoperative delirium and other forms of PND. In Section 4, Drs. Fahey, Crosby,
and Culley (Chapter 14) provide a description of how cognition might be routinely
evaluated in an efficient manner, and how this might identify patients at risk, and for
subsequent focused care. Second, what should we be telling patients and their families about
cognitive changes postoperatively? The topic of informed consent with what is arguably the

x Preface
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most common perioperative complication is dealt with by Mr. Silbert and Dr. Scott in
Chapter 15 of Section 4 as well. Finally, are there best practices with respect to the anesthetic
approach, drugs, monitoring, and postoperative care to optimize brain health? Drs. Ecken-
hoff and Terrando (Chapter 16) summarize what “best practices” there are at this point to
achieve this goal. It is our sincere hope that this particular chapter will grow substantially in
the near future.

Preface xi
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