-

h * ;‘ndbook of
RENAL
THERAPEUTICS

&
l,"" i
b=
!

]



I

Handbook of

RENAL
THERAPEUTICS

Edited by
Manuel Martinez-Maldonado

Veterans Administration Hospital
and University of Puerto Rico School of Medicine
San Juan, Puerto Rico

PLENUM MEDICAL BOOK COMPANY
New York and London



Library of Congress Cataloging in Publication Data

Main entry under title:

=

Handbook of renal therapeutics:

Includes bibliographical references and index.

1. Kidneys—Diseases—Treatment—Handbooks, manuals, etc. I. Martinez-
Maldonado, Manuel.
RC903.H36 1983 1 616.6'106 82-24516
ISBN 0-306-41096-6

Notice: The indications and dosages of all drugs in this book are esséntially those
recommended in the medical literature. They are also those utilized by the general
medical community. The usages recommended by the Food and Drug Administration
(FDA) should be obtained from the package insert of each drug. In the Handbook the
indications and uses of some drugs do not always conform to the FDA
recommendations. The readers and users of the Handbook are urged to consult
references on drug dosage and uses to keep abreast of revised recommendations or
changes regarding new or old drugs. 3

©1983 Plenum Publishing Corporation
233 Spring Street, New York, N.Y. 10013

Plenum Medical Book Company is an imprint of Plenum Publishing Corporation
All rights reserved

No part of this book may be reproduced, stored in a retrieval system, or transmitted,
in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording, or otherwise, without written permission from the Publisher

Printed in the United States of America



Contributors

GERALD B. APPEL, M.D., Medical Director, Hemodialysis Unit, Columbia Presbyterian Medical
Center and Departments of Pharmacology and Medicine, Divisions of Nephrology and
Infectious Diseases, College of Physicians and Surgeons, Columbia University, New York,
New York 10032 t

THOMAS R. BECK, M.D., Assistant Professor, Department of Medicine, Temple University
Health Sciences Center, Philadelphia, Pennsylvania 19140 ‘

D. CRAIG BRATER, M.D., Assistant Professor, Departments of Pharmacology and Internal
Medicine, Southwestern Medical School at the University of Texas Health Science Center
at Dallas, Dallas, Texas 75235

JACK W. COBURN, M.D., Director, Research and Training Program in Nephrology, Veterans

 Administration Wadsworth Medical Center; and Professor, Department of Medicine, UCLA
School of Medicine, Los Angeles, California 90024

CECIL H. COGGINS, M.D., Associate Professor, Department of Medicine, Harvard Medical
School; and Associate Physician, Renal Unit, Massachusetts General Hospital, Boston,
'Massachusstts 02114 ;

ALLAN J. COLLINS, M.D., Assistant Professor, Department of Medicine, University of Minne-
sota Medical School; and Director, Renal Intensive Care Unit, Regional Kidney Disease
Program, Hennepin County Medical Center, Minneapolis, Minnesota 55415

RALPH A. DeFRONZO, M.D., Associate Professor, Department of Internal Medicine, Renal
Division, Yale University School of Medicine,New Haven, Connecticut 06510

GARABED EKNOYAN, M.D., Professor, Department of Medicine, Renal Section, Baylor College
of Medicine, Houston, Texas 77030

THOMAS F. FERRIS, M.D., Professor and Chairman, Department of Internal Medicine, Univer-
sity of Minnesota, Minneapolis, Minnesota 55455

LINDA L. FRANCISCO, M.D., Assistant Professor, Department of Internal Medicine, University
of Minnesota, Minneapolis, Minnesota 55455

ALFREDO GARCIA, M.D., Clinical Instructor, Medical Service, Veterans Administration Hos-
pital, San Juan, Puerto Rico 00936; and Department of Internal Medicine, University of
Puerto Rico School of Medicine, San Juan, Puerto Rico 00931.

HANS J. GLOOR, MD., Fellow, Division of Nephrology, Department of Medicine,
University of Missouri Health Sciences Center; and Harry S. Truman Memorial Veterans
Hospital, Columbia, Missouri 65211; present address: Kantonsspital Schaffhausen, Geiss-
berg, Switzerland



viii ; . Contributors

EDWARD R. JONES, M.D., Assistant Professor, Departments of Medicine and Physiology,
Temple University Health Sciences Center, Philadelphia, Pennsylvania 19140

CARL M. KJELLSTRAND, M.D., Professor, Departments of Medicine and Surgery, University of
Minnesota Medical School; and Department of Medicine, Regional Kidney Disease Pro-
gram, Hennepin County Medical Center, Minneapolis, Minnesota 55415

JAMES P. KNOCHEL, M.D., Chief, Medical Service, Veterans Administration Medical Center,
Dallas, Texas 75216; and Professor and Vice-Chairman, Department of Internal Medicine,
Southwestern Medical School at the University of Texas Health Science Center at Dallas,
Dallas, Texas 75235

MANUEL MARTINEZ-MALDONADO, M.D., Chief, Medical Service, Veterans Administration
Hospital, San Juan, Puerto Rico 00936; and Departments of Internal Medicine and Physiocl-
ogy, University of Puerto Rico School of Medicine, San Juan, Puerto Rico 00931

EDWIN MEJIAS, M.D., Chief, Rheumatology Section, Assistant Professor, Department of In-
ternal Medicine, Veterans Administration Hospital, San Juan, Puerto Rico 00936

WILLIAM E. MITCH, M.D., Associate Professor, Department of Medicine, Harvard Medical
School; and Brigham and Women's Hospital, Boston, Massachusetts 02115

ROBERT G. NARINS, M.D., Chief, Renal Division, Professor, Department of Medicine, Temple
University Health Sciences Center, Philadelphia, Pennsylvania 19140

HAROLD C. NEU, M.D., Chief, Division Infectious Diséases, Columbia Presbyterian Medical
Center; and Departments of Pharmacology and Medicine, Divisions of Nephrology and
Infectious Diseases, College of Physicians and Surgeons, Columbia University, New York,
New York 10032

KARL D. NOLPH, M.D., Director, Division of Nephrology, and Professor, Department of
Medicine, University of Missouri Health Sciences Center; and Harry S. Truman Memorial
Veterans Hospital, Columbia, Missouri 65211

CHARLES Y. C. PAK, M.D., Professor, Department of Internal Medicine, Section of Mineral
Metabolism, Southwestern Medical School at the University of Texas Health Science Center
at Dallas, Dallas, Texas 75235

CESAR E. PRU, M.D., Medical Associate, Nephrology and Renal Transplant Unit, University
Hospital, Caracas, Venezuela :

C. VENKATA 8. RAM, M.D., Assistant Professor, Department of Internal Medicine, Southwest-
ern Medical School at the University of Texas Health Science Center at Dallas, Dallas, Texas
75235; and St. Paul Hospital, Dallas, Texas 75235

K. VENKATESWARA RAO, M.D., Assistant Professor, Department of Medicine, University of
Minnesota Medical School; and Department of Nephrology, Regional Kidney Disease Pro-
gram, Hennepin County Medical Center, Minneapolis, Minnesota 55415

EDUARDO SLATOPOLSKY, M.D., Professor, Department of Medicine, Washington University
School of Medicine; Attending Physician, Renal Division, Barnes Hospital; and Director,
Chromalloy American Kidney Center, St. Louis, Missouri 63110

MARY C. STOM, M.D., Assistant Professor, Department of Medicine, Temple University Health
Sciences Center, Philadelphia, Pennsylvania 19140

SAMUEL O. THIER, M.D., Sterling Professor and Chairman, Department of Internal Medicine,
Yale University School of Medicine, New Haven, Connecticut 06510



Preface

This book started out as a “Manual.” The idea was to offer straightforward
instruction on how to handle patients in whom renal function is altered by
intrinsic as well as systemic or extrarenal disease. While we have attempted
to provide simple approaches to most conditions. we have gone beyond that
and offer here more detailed description of pathophysiology, diagnosis and
therapy. Thus, the “Manual” has become a Handbook. In so doing we hope
we have widened the audience for which the book may be useful. As it now
stands, we envision that students, house staff, nephrology  trainees,
nephrologists, primary-care physicians, and nurses of specialized units,
interested in kidney-related disturbances and in alterations of the composi-
tion of the extracellular fluid, will benefit from reading the Handbook.

While providing a rational background for the treatments outlined, each

. author has attempted to natrate the reasons why such therapy is utilized.
Frequently, the information is provided in tables and figures to which ready
reference can be made. The flow-chart approach has also been utilized to
illustrate pathophysiological sequence or steps in therapy. In most instances,
the discussion of pathophysiology has been limited to what is widely ac-
cepted rather than treading into anything controversial, unless the nature of
the problem or the nature of our knowledge is ambiguous.

The chapters are grouped by types of disturbances and by clinical condi-
tions to make it easy to find information which can be applied to actual
patients. The treatment of each condition has been highlighted for practical
purposes.

The authors have had extensive experience in the fields which they
cover. This experience comes, not only from practical knowledge, but also
from their contributions to clinical investigation in each area.

ix



Preface |
Their approach to each subject has been to make information as readily'r

~ accessible as possible. In this way, the Handbook can be consulted for bed-

side use with speed and efficiency. :
I would like to thank the contributors and Anna Carmen Rivera, my

“outstanding secretary, for making this Handbook possible.

Manuel Martinez-Maldonado
San Juan, Puerto Rico
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Fluid and Electrolyte Disturbances
Hypo- and Hypernatremia

RALPH A. DeFRONZO and SAMUEL O. THIER

I. NORMAL PHYSIOLOGY OF URINARY DILUTION

The treatment of hyponatremia (serum sodium concentration less than 135
mEg/liter) is critically dependent on establishing the correct diagnosis. For-
tunately, both the diagnosis and approach to therapy rest firmly on physio-
logical principles. The presence of low serum sodium concentration indi-
cates an excess of water relative to sodium and can occur in the face of
increased, normal, or decreased total body sodium content. To maintain a
normal serum sodium concentration, it is necessary for the kidney to excrete
an amount of free water that is equal to the free water intake (minus insensi-
ble losses, about 400 ml/day). Therefore, to understand the pathophysiology
of hyponatremia, it is important to review briefly free water generation by the
kidney.

Normal urinary dilution depends on three factors (Fig. 1): (1) adequate
delivery of solute to the distal diluting sites (ascending loop of Henle and
early distal tubule); (2) functional intactness of the distal diluting sites so that
sodium, along with chloride, can be removed at a point where the tubule is
impermeable to water, thereby generating free water; and (3) suppression of
antidiuretic hormone (ADH) so that any free water generated by the distal
diluting sites will not be reabsorbed by the collecting duct.

Adequate sodium delivery to the distal nephron is in turn also depen-

~dent on three factors (Fig. 1, sites 1A, 1B, 1C): (1) adequate renal plasma flow;
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