HOSPITAL PHYSICIAN

EMERGENCY MEDICINE BOARD REVIEW MANUAL

STATEMENT OF
EDITORIAL PURPOSE

The Hospital Physician Emergency Medicine
Board Review Manual is a peer-reviewed
study guide for residents and practicing
physicians preparing for board examinations
in emergency medicine. Each quarterly man-
ual reviews a topic essential to the current
practice of emergency medicine.

PUBLISHING STAFF
PRESIDENT, GROUP PUBLISHER
Bruce M. White
EDITORIAL DIRECTOR
Debra Dreger
EDITOR
Robert Litchkofski
ASSOCIATE EDITOR
Rita E. Gould
EDITORIAL ASSISTANT
Farrawh Charles
EXECUTIVE VICE PRESIDENT
Barbara T. White
EXECUTIVE DIRECTOR
OF OPERATIONS
Jean M. Gaul
PRODUCTION DIRECTOR
Suzanne S. Banish
PRODUCTION ASSISTANT
Kathryn K. Johnson
ADVERTISING/PROJECT MANAGER
Patricia Payne Castle

SALES & MARKETING MANAGER
Deborah D. Chavis

NOTE FROM THE PUBLISHER:
This publication has been developed without
involvement of or review by the American
Board of Emergency Medicine.

Endorsed by the
E Association for Hospital
Medical Education

Management of Electrolyte
Emergencies

Series Editor: Susan Promes, MD
Residency Program Director

Division of Emergency Medicine
Associate Clinical Professor of Surgery
Duke Unuversity Medical Center

Chapel Hill, NC

Contributor: N. Ewen Wang, MD

Assistant Professor of Surgery, Assistant Professor of Pediatrics
Acting Director of Pediatric Emergency Medicine

Division of Emergency Medicine

Stanford University Medical Center

Stanford, CA

Table of Contents

Introduction . « « « v v v vttt ittt i e e ettt

Disorders of Sodium Imbalance................

2
2
Disorders of Potassium Imbalance..............5
Disorders of Calcium Imbalance ...............8

0

.
.
.
.
.
.
.
.
.
.
.
.
[u—

Disorders of Magnesium Imbalance
Disorders of Phosphorous Imbalance........... 11
SummaryPoints . . ............. ... 12

References . .......oveeiiinnneeeeeeeeeneaaal2

Cover Illustration by Christie Grams

Copyright 2006, Turner White Communications, Inc., Strafford Avenue, Suite 220, Wayne, PA 19087-3391, www.turner-white.com. All rights reserved. No part of this
publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, mechanical, electronic, photocopying, recording, or oth-
erwise, without the prior written permission of Turner White Communications. The preparation and distribution of this publication are supported by sponsorship
subject to written agreements that stipulate and ensure the editorial independence of Turner White Communications. Turner White Communications retains full
control over the design and production of all published materials, including selection of appropriate topics and preparation of editorial content. The authors are
solely responsible for substantive content. Statements expressed reflect the views of the authors and not necessarily the opinions or policies of Turner White
Communications. Turner White Communications accepts no responsibility for statements made by authors and will not be liable for any errors of omission or inac-
curacies. Information contained within this publication should not be used as a substitute for clinical judgment.

www.turner-white.com

next page ¥

Emergency Medicine Volume 8, Part 3 |



EMERGENCY MEDICINE BOARD REVIEW MANUAL

Management of Electrolyte Emergencies

N. Ewen Wang, MD

INTRODUCTION

Electrolyte panels are frequently ordered and often
show results outside of normal ranges. Although most
electrolyte abnormalities do not require specific treat-
ment, some are emergent. Emergency medicine physi-
cians should be familiar with common electrolyte im-
balances as well as when and how to manage them.

DISORDERS OF SODIUM IMBALANCE

HOMEOSTASIS OF BODY WATER AND SODIUM

The kidneys have evolved to conserve water and salt
in order to maintain a “private ocean” bathing the body
cells. As the most abundant extracellular cation, plasma
sodium is the major determinant of osmotic forces in
the extracellular fluid (ECF). Thus, sodium regulation
must be considered in conjunction with body water reg-
ulation. Antidiuretic hormone (ADH) and aldosterone
enable the kidney to conserve water by concentrating
urine. The healthy kidney is also able to excrete large
volumes of excess water in order to maintain a constant
plasma osmolality despite dietary variations.

ADH is the main regulator of water homeostasis.
ADH enhances water permeability in the kidney’s col-
lecting duct, increasing water reabsorption. ADH is
secreted in response to hypovolemia and high plasma
osmolality. ADH and aldosterone will maintain intravas-
cular volume, even at the expense of electrolyte bal-
ance. The renin-angiotensin system is the main regula-
tor of sodium homeostasis. Renin is produced in the
kidney in response to decreased intravascular volume
and via angiotensin stimulates adrenal production of
aldosterone. Aldosterone increases sodium resorption
and potassium excretion by the kidney. Hypothalamic
cells regulate thirst in response to hyperosmolality and
body fluid volume deficit.

Because of the complex interrelationship between
sodium and water homeostasis, sodium disturbances
are linked to water imbalances. Changes in total body
sodium and water are usually proportionate and do not
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cause either hyponatremia or hypernatremia.! Sodium
imbalances require severe and disproportionate loss or
gain of total body sodium or total body water (TBW).

Symptoms of hypernatremia and hyponatremia re-
sult primarily from compartmental fluid shifts. Both dis-
orders cause similar pictures of altered level of con-
sciousness, coma, and seizures. The severity of the
symptoms depends on the rapidity and the degree of
the imbalance. Patients at the extremes of age have
more severe symptoms at any given sodium level.

HYPONATREMIA

Hyponatremia, defined as a plasma sodium concen-
tration less than 130 mEq/L, is the most common elec-
trolyte disturbance seen in the hospital population.? Al-
though most patients with hyponatremia are stable and
do not require emergent therapy, acute, severe hypo-
natremia and its treatment can result in serious morbid-
ity or death. Hyponatremia can cause cerebral edema
secondary to the movement of water from the hypoton-
ic extracellular space into the intracellular space, result-
ing in increased intracerebral pressure and decreased
cerebral blood flow. Hyponatremia is a leading cause of
afebrile seizures in infants.?

Etiology

Low or high plasma sodium concentration can oc-
cur in different states of hydration, depending on the
ratio of TBW to total body sodium.

Factious hyponatremia. Low or high plasma sodium
concentration can be the result of how plasma sodium
is measured. Pseudohyponatremia (isotonic hypona-
tremia; plasma osmolality, 280-295) can be due to a
blood draw error or an excess of a nonosmotic sub-
stance in the ECF (eg, hyperlipidemia, hyperpoteine-
mia). Errors occur because some laboratory techniques
for measuring sodium concentration consider the en-
tire plasma volume as plasma water, resulting in a false
increase in the ECF volume.

Redistributive hyponatremia occurs when there is an
increase of osmotic particles in the ECF (hypertonic hypo-
natremia; plasma osmolality > 295). This form of hypona-
tremia can occur with hyperglycemia or when hyperos-
molar substances, such as mannitol, are administered.
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