INTERNATIONAL EDITION

Not authorised for sale in United States, Canada, Australia, New Zealand, Puerto Rico or the U.S. Virgin Islands

Handbook of
Dialysis

Fifth Edition
JohnT. Daugirdas

Peter G. Blake
Todd S. Ing

@.Wolters Kluwer

@@oWolters Kluwer



S AT
FIFTH EDITION

Handbook of
Dialysis

Edited by
John T. Daugirdas, MD, FACP, FASN

Clinical Professor of Medicine
University of lllinois at Chicago
Chicago, Illinois

Peter G. Blake, MB, FRCPC, FRCPI

Professor of Medicine
Western University
London, Ontario, Canada

Todd S. Ing, MBBS, FRCP

Professor Emeritus of Medicine
Loyola University Chicago
Maywood, lllinois

(=). Wolters Kluwer
Health

Philadelphia - Baltimore + New York + London
Buenos Aires = Hong Kong + Sydney - Tokyo



Acquisitions Editor: Julie Goolsby

Product Development Editor: Leanne Vandetty
Editorial Assistant: Brian Convery

Production Project Manager: Bridgett Dougherty
Design Coordinator: Holly Reid McLaughlin
Manafacturing Coordinator: Beth Welsh
Prepress Vendor: S4Carlisle Publishing Services

Fifth Edition
Copyright © 2015 Wolters Kluwer Health

Copyright © 2007 Lippincott Williams & Wilkins, a Wolters Kluwer business. Copyright ©
2001 Lippincott Williams & Wilkins. Copyright © 1994, 1988 by ]. B. Lippincott. All rights
reserved. This book is protected by copyright. No part of this book may be reproduced or
transmitted in any form or by any means, including as photocopies or scanned-in or other
electronic copies, or utilized by any information storage and retrieval system without
written permission from the copyright owner, except for brief quotations embodied in
critical articles and reviews. Materials appearing in this book prepared by individuals as
part of their official duties as U.S. government employees are not covered by the above-
mentioned copyright. To request permission, please contact Wolters Kluwer Health
at Two Commerce Square, 2001 Market Street, Philadelphia, PA 19103, via email at
permissions@lww.com, or via our website at lww.com (products and services).

987654321
Printed in the US

Not authorised for sale in United States, Canada, Australia, New Zealand, Puerto Rico,
and US. Virgin Islands.

Library of Congress Cataloging-in-Publication Data
Handbook of dialysis / [edited by| John T. Daugirdas, Peter G. Blake, Todd S. Ing. — Fifth
edition.
p.;em.

Includes bibliographical references and index.

ISBN 978-1-4511-4429-1 (paperback)

L. Daugirdas, John T., editor. 11. Blake, Peter Gerard, 1956-, editor. L. Ing, Todd S.,
editor.

[DNLM: 1. Renal Dialysis—Handbooks. W] 39]

RC901.7.H45

617.461059—dc23

2014029014

Care has been taken to confirm the accuracy of the information presented and to de-
scribe generally accepted practices. However, the author(s), editors, and publisher are
not responsible for errors or omissions or for any consequences from application of the
information in this book and make no warranty, expressed or implied, with respect to
the currency, completeness, or accuracy of the contents of the publication. Application
of this information in a particular situation remains the professional responsibility of the
practitioner; the clinical treatments described and recommended may not be considered
absolute and universal recommendations.

The author(s), editors, and publisher have exerted every effort to ensure that drug
selection and dosage set forth in this text are in accordance with the current recommen-
dations and practice at the time of publication. However, in view of ongoing research,
changes in government regulations, and the constant flow of information relating to
drug therapy and drug reactions, the reader is urged to check the package insert for each
drug for any change in indications and dosage and for added warnings and precautions.
This is particularly important when the recommended agent is a new or infrequently
employed drug.

Some drugs and medical devices presented in this publication have Food and Drug
Administration (FDA) clearance for limited use in restricted research settings. It is the
responsibility of the health care provider to ascertain the FDA status of each drug or
device planned for use in his or her clinical practice.

LWW.com

DRC1114



A NS
FIFTH EDITION

Handbook of
Dialysis



To Stanislovas Maciulis, MD—a beloved
grandfather never met who continues
to guide and inspire.

(JTD)

To my wife Rose and to my sons, Matthew
and Andrew—the three most important
people in my life.

(PB)

To Oliver M. Wrong, MD, FRCP,
my exemplary mentor.
(TSI)



CONTRIBUTING AUTHORS

Anil K. Agarwal, MD, FASN, FACP
Professor of Medicine

Ohio State University

Columbus, Ohio

Suhail Ahmad, MD
Professor of Medicine
University of Washington
Seattle, Washington

Michael Allon, MD
Professor of Medicine
University of Alabama at
Birmingham
Birmingham, Alabama

Arif Asif, MD, FASN
Professor of Medicine
Albany Medical College
Albany, New York

Andreé Luis Balbi, MD

Assistant Professor of Medicine
Sio Paulo State University—UNESP
Botucatu, Sao Paulo, Brazil

Joanne M. Bargman, MD, FRCPC
Professor of Medicine

University of Toronto

Toronto, Ontario, Canada

Susan E. Bentley RD, MBA
Fresenius Medical Care
Waltham, Massachusetts

Peter G. Blake, MB, FRCPC,
FRCPI

Professor of Medicine
Western University

London, Ontario, Canada

Neil Boudville, MBBS, FRACP
Senior Lecturer in Renal Medicine
University of Western Australia
Crawley, Australia

Sudhir K. Bowry, PhD
Fresenius Medical Care
Bad Homburg, Germany

Deborah Brouwer-Maier,

RN, CNN

Director of Dialysis Access
Initiatives

Fresenius Medical Services

Philadelphia, Pennsylvania

Bernard Canaud, MD, PhD
Emeritus Professor of Nephrology
Montpellier University |
Montpellier, France

Ralph J. Caruana, MD, MBA
Professor of Medicine
University of Central Florida
Orlando, Florida

Elliot Michael Charen, MD
Instructor in Medicine
Icahn School of Medicine
at Mount Sinai
New York, New York

Horng Ruey Chua, MMed, MRCP
Assistant Professor of Medicine
National University of Singapore
Republic of Singapore

Scott D. Cohen, MD, MPH, FASN
Associate Professor of Medicine
George Washington University
Washington, District of Columbia

Daniel W. Coyne, MD
Professor of Medicine
Washington University
St. Louis, Missouri

vii



viii Contributing Authors

John H. Crabtree, MD, FACS
Visiting Clinical Faculty
Harbor-University of California
Los Angeles Medical Center
Torrance, California

Daniel Cukor, PhD
Associate Professor of Psychiatry
SUNY Downstate Medical Center
Brooklyn, New York

John T. Daugirdas, MD, FACP,
FASN

Clinical Professor of Medicine
University of Illinois at Chicago
Chicago, llinois

Andrew Davenport, MA,
MD, FRCP

Reader in Medicine and Nephrology

University College of London
London, United Kingdom

James A. Delmez, MD
Professor of Medicine
Washington University
St. Louis, Missouri

Sevag Demirjian, MD

Assistant Professor of Medicine

Cleveland Clinic Lerner College
of Medicine

Cleveland, Ohio

Peter B. DeOreo, MD, FACP
Clinical Professor of Medicine
Case Western Reserve University
Cleveland, Ohio

Jose A. Diaz-Buxo, MD, FACP
Interim Medical Office Liaison
Renal Therapies Group
Fresenius Medical Care NA
Charlotte, North Carolina

Mary Ann Emanuele, MD
Professor of Medicine
Loyola University Chicago
Maywood, Illinois

Nicholas Emanuele, MD
Professor of Medicine
Loyola University Chicago
Maywood, lllinois

Fredric 0. Finkelstein, MD
Clinical Professor of Medicine
Yale University

New Haven, Connecticut

Steven Fishbane, MD

Professor of Medicine

Hofstra North Shore—Long Island
Jewish School of Medicine

Hempstead, New York

Marc Ghannoum, MD
Associate Professor of Medicine
University of Montréal
Montréal, Québec, Canada

Susan Grossman, MD

Associate Professor of Clinical
Medicine

New York College of Medicine

Valhalla, New York

Nikolas B. Harbord, MD

Assistant Professor of Medicine

Icahn School of Medicine at Mount
Sinai

New York, New York

Olof Heimbiirger, MD, PhD

Department of Clinical Science,
Intervention, and Technology

Karolinska Institute

Stockholm, Sweden

Joachim Hertel, MD, FACP
Lead Physician

Greenville Kidney Care, LLC
Greenville, South Carolina

Nicholas Hoenich, PhD

Lecturer

Newcastle University

Newcastle upon Tyne, United
Kingdom

Susan Hou, MD
Professor of Medicine
Loyola University Chicago
Maywood, lllinois

Priscilla How, PharmD, BCPS
Assistant Professor

Department of Pharmacy
National University of Singapore
Republic of Singapore



T. Alp Ikizler, MD
Professor of Medicine
Vanderbilt University
Nashville, Tennessee

Todd S. Ing, MBBS, FRCP
Professor Emeritus of Medicine
Loyola University Chicago
Maywood, Illinois

Arsh Jain, MD, FRCPC
Assistant Professor of Medicine
Western University

London, Ontario, Canada

Jameela Kari, CABP, MD, CCST,
FRCPCH, FRCP (UK)

Professor of Pediatrics
King Abdul Azziz University
Jeddah, Kingdom of Saudi Arabia

Paul L. Kimmel, MD, MACP, FASN
Clinical Professor of Medicine
George Washington University
Washington, District of Columbia

Dobri D. Kiprov, MD, HP

Chief, Division of Immunotherapy
California Pacific Medical Center
San Francisco, California

Kar Neng Lai, MBBS, MD, DSc,
FRCP, FRACP, FRCPath
Professor Emeritus of Medicine
University of Hong Kong

Hong Kong, China

Derek S. Larson, MD
Nephrologist

Missouri Baptist Medical Center
St. Louis, Missouri

David J. Leehey, MD
Professor of Medicine
Loyola University Chicago
Maywood, Illinois

Joseph R. Lentino, MD, PhD
Professor of Medicine

Loyola University Chicago
Maywood, Illinois

Contributing Authors  ix

Philip Kam-Tao Li, MD, FRCP,
FACP

Honorary Professor of Medicine
Chinese University of Hong Kong
Hong Kong, China

Robert M. Lindsay, MD, FRCPC,
FRCP (Edin), FRCP (Glasg), FACP
Professor of Medicine

Western University

London, Ontario, Canada

Francesca Mallamaci, MD
Professor of Nephrology
Ospedali Riuniti

Reggio Calabria, Italy

Christopher Mcintyre, MBBS, DDM
Professor of Medicine

Western University

London, Ontario, Canada

Susan R. Mendley, MD

Associate Professor of Pediatrics
and Medicine

University of Maryland

Baltimore, Maryland

Rajnish Mehrotra, MD, MS
Professor of Medicine
University of Washington
Seattle, Washington

Stephen A. Merchant, PhD

Vice President and General Manager
SORB Technology Division
Fresenius Medical Care NA
Oklahoma City, Oklahoma

Jennifer S. Messer, CHT,
0CDT, CCNT

Clinical Education Specialist
Department of Critical Care
NxStage Medical, Inc.
Lawrence, Massachusetts

Madhukar Misra, MD, FASN,
FACP, FRCP (UK)

Professor of Medicine
University of Missouri
Columbia, Missouri



x  Contributing Authors

Gihad E. Nesrallah, MD,
FRCPC, FACP

Adjunct Professor of Medicine
Western University

London, Ontario, Canada

Alien R. Nissenson, MD, FACP
Emeritus Professor of Medicine
University of California at

Los Angeles
Los Angeles, California
Chief Medical Officer
DaVita Healthcare Partners Inc.
El Segundo, California

Jacqueline T. Pham, PharmD,
BCPS

Adjunct Professor

School of Nursing & Health Studies
Georgetown University
Washington, District of Columbia

Andreas Pierratos, MD, FRCPC
Professor of Medicine

University of Toronto

Toronto, Ontario, Canada

Daniela Ponce, MD, PhD

Assistant Professor of Medicine

Sao Paulo State University—UNESP

Botucatu, Sao Paulo, Brazil

Charles D. Pusey, DSc, FRCP,
FASN, FMCISci

Professor of Medicine
Imperial College London
London, United Kingdom

Michael V. Rocco, MD, MSCE

Professor of Medicine and Public
Health Sciences

Wake Forest University

Winston-Salem, North Carolina

Edward A. Ross, MD
Professor of Medicine
University of Central Florida
Orlando, Florida

Loay Salman, MD

Assistant Professor of Clinical
Medicine

University of Miami

Miami, Florida

Amber Sanchez, MD
Assistant Clinical Professor
of Medicine
University of California, San Diego
San Diego, California

Mark J. Sarnak, MD, MS
Professor of Medicine
Tufts University

Boston, Massachusetts

Hitesh H. Shah, MD

Associate Professor of Medicine

Hofstra North Shore-Long Island
Jewish School of Medicine

Hempstead, New York

Richard A. Sherman, MD

Professor of Medicine

Rutgers, The State University
of New Jersey

New Brunswick, New Jersey

Ajay Singh, MBBS, FRCP (UK),
MBA

Associate Professor of Medicine
Harvard University

Boston, Massachusetts

Stefano Stuard, MD

Director of Clinical
Governance — NephroCare

Fresenius Medical Care

Bad Homburg, Germany

Rita S. Suri, MD, Msc, FRCPC,
FACP

Associate Professor of Medicine
University of Montréal

Montréal, Québec, Canada

Cheuk-Chun Szeto, MD, FRCP
(Edin)

Senior Lecturer in Medicine
Chinese University of Hong Kong
Hong Kong, China

Boon Wee Teo, MB, BCh, BAO,
B Med Sci, FACP, FASN
Assistant Professor of Medicine
National University of Singapore
Republic of Singapore



Tran H. Tran, PharmD, BCPS

Assistant Clinical Professor

St. John's University College of
Pharmacy and Allied Health
Professions

Queens, New York

David Updyke
Fresenius Medical Care
Walnut Creek, California

Tushar J. Vachharajani, MD,

FASN, FACP

Professor of Medicine

Edward Via College of Osteopathic
Medicine

Spartanburg, South Carolina

Richard A. Ward, PhD
Professor of Nephrology (retired)
University of Louisville
Louisville, Kentucky

(Nelson, New Zealand)

Daniel E. Weiner, MD, MS
Associate Professor of Medicine
Tufts University

Boston, Massachusetts

Contributing Authors  xi

James F. Winchester

Professor of Clinical Medicine

Albert Einstein College of Medicine
of Yeshiva University

Bronx, New York

Steven Wu, MD, FASN
Assistant Professor of Medicine
Harvard University

Boston, Massachusetts

Alexander Yevzlin, MD
Associate Professor of Medicine
University of Wisconsin
Madison, Wisconsin

Carmine Zoccali, MD, FASN,

FERA

Professor of Nephrology

Director, Center for Clinical
Physiology, Renal Diseases
and Hypertension of the Italian
Research Council

Reggio Calabria, Italy



PREFACE

We are very fortunate and honored to present this Fifth Edition of
the Handbook of Dialysis to the nephrology community. It has been
7 years since the Fourth Edition; the long interval reflects the rela-
tively slow, incremental nature of improvements that have occurred
in dialysis therapy during that period. We continue with a strong
international emphasis, referencing both KDOQI and KDIGO guide-
lines, and taking care to express laboratory measurements in both
British Imperial and SI units.

The chapter on online hemodiafiltration, a therapy still not
available in the United States, has been maintained and updated. A
chapter on sorbent dialysis, present in the first two editions of the
Handbook, but removed from the third and fourth editions as use of
the REDY system dwindled, has been reinstated and modernized,
given the anticipated imminent release of new sorbent-equipped
machines for both in-center and home hemodialysis. The hemodi-
alysis vascular access section, which grew from one to two chapters
between the third and fourth editions, has now expanded to four
chapters, testifying to the importance of vascular access to over-
all hemodialysis patient care. In the peritoneal dialysis section, the
access chapter was completely rewritten by a general surgeon with
long experience and dedication in this area. Another completely
rewritten chapter describes the growing use of acute peritoneal
dialysis and “urgent start” PD. For both peritoneal dialysis and hemo-
dialysis adequacy, fewer equations are used and, instead, analogies
help explain key concepts. More emphasis is placed on dialysis time,
frequency, ultrafiltration rate, and other supplementary metrics of
adequacy, including doing dialysis the “European way.” To make room
for expanded and additional chapters, a number of topics that were
discussed in great detail in their own separate chapters in the Fourth
Edition have been downsized and folded into other chapters; our
goal was to maintain a pocket-sized book that focuses on frequently
encountered clinical problems. As in previous editions, we have tried
to maintain the unique character of the Handbook of Dialysis, aim-
ing for a resource that will be useful to both new and experienced
nephrology care providers to help them in their difficult job of assur-
ing the best treatment for our patients.
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xiv Preface

We would like to thank the many chapter authors who agreed to
write for the Handbook. The time demands on clinical nephrologists
and other care providers continue to increase, and we greatly appreci-
ate the willingness of our chapter authors to allocate precious time
to share their insights and expertise. We would also like to recognize
Aleksandra Godlevska for her beautiful modern art-inspired cover
design.

John T. Daugirdas
Peter G. Blake
Todd S. Ing
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