The GALL
ENCYCLOPEDIA

of MEDICINE

SECOND EDITION



The GALLE
ENCYCLOPEDIA

of MEDICINE

SECOND EDITION

VOLUME

3
G-M

JACQUELINE L. LONGE, EDITOR
DEIRDRE S. BLANCHFIELD, ASSOCIATE EDITOR

GALE GROUP

e

THOMSON LEARNING

Detroit ® New York ® San Diego ® San Francisco
Boston ® New Haven, Conn. ® Waterville, Maine
London ® Munich



The GALE
ENCYCLOPEDIA
of MEDICINE
SECOND EDITION

STAFF

Jacqueline L. Longe, Project Editor
Deirdre S. Blanchfield, Associate Editor
Christine B. Jeryan, Managing Editor

Donna Olendorf, Senior Editor

Stacey Blachford, Associate Editor

Kate Kretschmann, Melissa C. McDade, Ryan
Thomason, Assistant Editors

Mark Springer, Technical Specialist
Andrea Lopeman, Programmer/Analyst

Barbara J. Yarrow, Manager, Imaging and Multimedia
Content

Robyn V. Young, Project Manager, Imaging and
Multimedia Content

Dean Dauphinais, Senior Editor, Imaging and
Multimedia Content

Kelly A. Quin, Editor, Imaging and Multimedia Content

Leitha Etheridge-Sims, Mary K. Grimes, Dave Oblender,
Image Catalogers

Pamela A. Reed, Imaging Coordinator

Randy Bassett, Imaging Supervisor

Robert Duncan, Senior Imaging Specialist

Dan Newell, Imaging Specialist

Christine O’Bryan, Graphic Specialist

Maria Franklin, Permissions Manager
Margaret A. Chamberlain, Permissions Specialist

Michelle DiMercurio, Senior Art Director
Mike Logusz, Graphic Artist

Mary Beth Trimper, Manager, Composition and
Electronic Prepress

Evi Seoud, Assistant Manager, Composition Purchasing
and Electronic Prepress

Dorothy Maki, Manufacturing Manager

Wendy Blurton, Senior Manufacturing Specialist

Since this page cannot legibly accommodate all copyright notices, the
acknowledgments constitute an extension of the copyright notice.

While every effort has been made to ensure the reliability of the infor-
mation presented in this publication, the Gale Group neither guarantees
the accuracy of the data contained herein nor assumes any responsibili-
ty for errors, omissions or discrepancies. The Gale Group accepts no
payment for listing, and inclusion in the publication of any organiza-
tion, agency, institution, publication, service, or individual does not
imply endorsement of the editor or publisher. Errors brought to the
attention of the publisher and verified to the satisfaction of the publish-
er will be corrected in future editions.

This book is printed on recycled paper that meets Environmental Pro-
tection Agency standards.

The paper used in this publication meets the minimum requirements of
American National Standard for Information Sciences-Permanence
Paper for Printed Library Materials, ANSI Z39.48-1984.

This publication is a creative work fully protected by all applicable
copyright laws, as well as by misappropriation, trade secret, unfair com-
petition, and other applicable laws. The authors and editor of this work
have added value to the underlying factual material herein through one
or more of the following: unique and original selection, coordination,
expression, arrangement, and classification of the information.

Gale Group and design is a trademark used herein under license.
All rights to this publication will be vigorously defended.

Copyright © 2002

Gale Group

27500 Drake Road

Farmington Hills, MI 48331-3535

All rights reserved including the right of reproduction in whole or in
part in any form.

ISBN 0-7876-5489-2 (set)
0-7876-5490-6 (Vol. 1)
0-7876-5491-4 (Vol. 2)
0-7876-5492-2 (Vol. 3)
0-7876-5493-0 (Vol. 4)
0-7876-5494-9 (Vol. 5)

Printed in the United States of America
10987654321

Library of Congress Cataloging-in-Publication Data

Gale encyclopedia of medicine / Jacqueline L. Longe, editor;
Deirdre S. Blanchfield, associate editor — 2nd ed.

p. cm.

Includes bibliographical references and index.

Contents: Vol. 1. A-B —v. 2. C-F —v. 3.
G-M—vVv.4.N-S—vV.5. T-Z.

ISBN 0-7876-5489-2 (set: hardcover) — ISBN 0-7876-5490-6
(vol. 1) — ISBN 0-7876-5491-4 (vol. 2) — ISBN 0-7876-5492-2
(vol. 3) — ISBN 0-7876-5493-0 (vol. 4) — ISBN 0-7876-5494-9
(vol. 5)

1. Internal medicine—Encyclopedias. I. Longe, Jacqueline L.
II. Blanchfield, Deirdre S. III. Gale Research Company.

RC41.G35 2001
616°.003—dc21

2001051245




CONTENTS

Introduction.............cccooviiiiiiii
Advisory Board.....................
Contributors ........ooooveeeeee

Entries
Volume 1: A-B........................
Volume 2: C-F......................ocoiii,
Volume 3: G-M.................ooooiiii
Volume 4: N-S ...
Volume S: T-Z ...

Organizations ...................c...oooeeiiiei

General Index ...

GALE ENCYCLOPEDIA OF MEDICINE 2



PLEASE READ—IMPORTANT INFORMATION

The Gale Encyclopedia of Medicine 2 is a medical ref-
erence product designed to inform and educate readers
about a wide variety of disorders, conditions, treatments,
and diagnostic tests. The Gale Group believes the product
to be comprehensive, but not necessarily definitive. It is
intended to supplement, not replace, consultation with a
physician or other healthcare practitioner. While the Gale
Group has made substantial efforts to provide information
that is accurate, comprehensive, and up-to-date, the Gale
Group makes no representations or warranties of any
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kind, including without limitation, warranties of mer-
chantability or fitness for a particular purpose, nor does it
guarantee the accuracy, comprehensiveness, or timeliness
of the information contained in this product. Readers
should be aware that the universe of medical knowledge
is constantly growing and changing, and that differences
of medical opinion exist among authorities. Readers are
also advised to seek professional diagnosis and treatment
for any medical condition, and to discuss information
obtained from this book with their health care provider.



INTRODUCTION

The Gale Encyclopedia of Medicine 2 (GEM2) is a
one-stop source for medical information on nearly 1,700
common medical disorders, conditions, tests, and treat-
ments, including high-profile diseases such as AIDS,
Alzheimer’s disease, cancer, and heart attack. This ency-
clopedia avoids medical jargon and uses language that
laypersons can understand, while still providing thor-
ough coverage of each topic. The Gale Encyclopedia of
Medicine 2 fills a gap between basic consumer health
resources, such as single-volume family medical guides,
and highly technical professional materials.

SCOPE

Almost 1,700 full-length articles are included in the
Gale Encyclopedia of Medicine 2, including disorders/
conditions, tests/procedures, and treatments/therapies.
Many common drugs are also covered, with generic drug
names appearing first and brand names following in
parentheses, eg. acetaminophen (Tylenol). Throughout
the Gale Encyclopedia of Medicine 2, many prominent
individuals are highlighted as sidebar biographies that
accompany the main topical essays. Articles follow a
standardized format that provides information at a
glance. Rubrics include:

Disorders/Conditions Tests/Treatments
Definition Definition
Description Purpose

Causes and symptoms Precautions
Diagnosis Description
Treatment Preparation
Alternative treatment Aftercare
Prognosis Risks

Prevention Normal/Abnormal results
Resources Resources

Key terms Key terms

In recent years there has been a resurgence of interest
in holistic medicine that emphasizes the connection
between mind and body. Aimed at achieving and main-
taining good health rather than just eliminating disease,
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this approach has come to be known as alternative medi-
cine. The Gale Encyclopedia of Medicine 2 includes a
number of essays on alternative therapies, ranging from
traditional Chinese medicine to homeopathy and from
meditation to aromatherapy. In addition to full essays on
alternative therapies, the encyclopedia features specific
Alternative treatment sections for diseases and condi-
tions that may be helped by complementary therapies.

INCLUSION CRITERIA

A preliminary list of diseases, disorders, tests and treat-
ments was compiled from a wide variety of sources,
including professional medical guides and textbooks as
well as consumer guides and encyclopedias. The general
advisory board, made up of public librarians, medical
librarians and consumer health experts, evaluated the top-
ics and made suggestions for inclusion. The list was sorted
by category and sent to GEM2 medical advisors, certified
physicians with various medical specialities, for review.
Final selection of topics to include was made by the med-
ical advisors in conjunction with the Gale Group editor.

ABOUT THE CONTRIBUTORS

The essays were compiled by experienced medical
writers, including physicians, pharmacists, nurses, and
other health care professionals. GEM2 medical advisors
reviewed the completed essays to insure that they are
appropriate, up-to-date, and medically accurate.

HOW TO USE THIS BOOK

The Gale Encyclopedia of Medicine 2 has been
designed with ready reference in mind.

+ Straight alphabetical arrangement allows users to
locate information quickly.

e Bold-faced terms function as print hyperlinks that
point the reader to related entries in the encyclopedia.

X



Introduction

Cross-references placed throughout the encyclopedia
direct readers to where information on subjects with-
out entries can be found. Synonyms are also cross-ref-
erenced.

A list of key terms are provided where appropriate to
define unfamiliar terms or concepts.

Valuable contact information for organizations and
support groups is included with each entry. The
appendix contains an extensive list of organizations
arranged in alphabetical order.

Resources section directs users to additional sources
of medical information on a topic.

A comprehensive general index allows users to easily
target detailed aspects of any topic, including Latin
names.

GRAPHICS

The Gale Encyclopedia of Medicine 2 is enhanced

with over 675 color images, including photos, charts,
tables, and customized line drawings.
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I Galactorrhea
Definition

Galactorrhea is the secretion of breast milk in men,
or in women who are not breastfeeding an infant.

Description

Lactation, or the production of breast milk, is a nor-
mal condition occurring in women after delivery of a
baby. Many women who have had children may even be
able to express a small amount of breast milk from the
nipple up to two years after childbirth. Galactorrhea, or
hyperlactation, however, is a rare condition that can
occur in both men and women, where a white or grayish
fluid is secreted by the nipples of both breasts. While this
condition is not serious in itself, galactorrhea can indi-
cate more serious conditions, including hormone imbal-
ances or the presence of tumors.

Causes and symptoms
Causes

Galactorrhea is associated with a number of condi-
tions. The normal production of breast milk is controlled
by a hormone called prolactin, which is secreted by the
pituitary gland in the brain. Any condition that upsets the
balance of hormones in the blood or the production of
hormones by the pituitary gland or sexual organs can
stimulate the production of prolactin.

Often, a patient with galactorrhea will have a high
level of prolactin in the blood. A tumor in the pituitary
gland can cause this overproduction of prolactin. At least
30% of women with galactorrhea, menstrual abnormali-
ties, and high prolactin levels have a pituitary gland tumor.
Other types of brain tumors, head injuries, or encephalitis
(an infection of the brain) can also cause galactorrhea.

Tumors or growths in the ovaries or other reproduc-
tive organs in women, or in the testicles or related sexual
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organs of men, can also stimulate the production of pro-
lactin. Any discharge of fluid from the breast after a
woman has passed menopause may indicate breast can-
cer. However, most often the discharge associated with
breast cancer will be from one breast only. In galactor-
rhea both breasts are usually involved. The presence of
blood in the fluid discharged from the breast could indi-
cate a benign growth in the breast tissue itself. In approx-
imately 10—15% of patients with blood in the fluid, carci-
noma of the breast tissue is present.

A number of medications and drugs can also cause
galactorrhea as a side-effect. Hormonal therapies (like
oral contraceptives), drugs for treatment of depression
or other psychiatric conditions, tranquilizers, morphine,
heroin, and some medications for high blood pressure
can cause galactorrhea.

Several normal physiologic situations can cause pro-
duction of breast milk. Nipple stimulation in men or
women during sexual intercourse may induce lactation,
for women particularly during or just after pregnancy.

Even after extensive testing, no specific cause can be
determined for some patients with galactorrhea.

Symptoms

The primary symptom of galactorrhea is the dis-
charge of milky fluid from both breasts. In women,
galactorrhea may be associated with infertility, menstru-
al cycle irregularities, hot flushes, or amenorrhea—a
condition where menstruation stops completely. Men
may experience loss of sexual interest and impotence.
Headaches and visual disturbances have also been asso-
ciated with some cases of galactorrhea.

Diagnosis

Galactorrhea is generally considered a symptom that
may indicate a more serious problem. Collection of a
thorough medical history, including pregnancies, surg-
eries, and consumption of drugs and medications is a
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Galactosemia

KEY TERMS

Amenorrhea—Abnormal cessation of menstrua-
tion.

Bromocriptine—Also known as Parlodel, the main
drug used to treat galactorrhea by reducing levels
of the hormone prolactin.

Hyperlactation—Another term for galactorrhea.

Lactation—The production of breast milk.

first step in diagnosing the cause of galactorrhea. A
physical examination, along with a breast examination,
will usually be conducted. Blood and urine samples may
be taken to determine levels of various hormones in the
body, including prolactin and compounds related to thy-
roid function.

A mammogram (an x ray of the breast) or an ultra-
sound scan (using high frequency sound waves) might be
used to determine if there are any tumors or cysts present
in the breasts themselves. If a tumor of the pituitary
gland is suspected, a series of computer assisted x rays
called a computed tomography scan (CT scan) may be
done. Another procedure that may be useful is a magnet-
ic resonance imaging (MRI) scan to locate tumors or
abnormalities in tissues.

Treatment

Treatment for galactorrhea will depend on the cause
of the condition and the symptoms. The drug bromocrip-
tine is often prescribed first to reduce the secretion of
prolactin and to decrease the size of pituitary tumors.
This drug will control galactorrhea symptoms and in
many cases may be the only therapy necessary. Oral
estrogen and progestins (hormone pills, like birth control
pills) may control symptoms of galactorrhea for some
women. Surgery to remove a tumor may be required for
patients who have more serious symptoms of headache
and vision loss, or if the tumor shows signs of enlarge-
ment despite drug treatment. Radiation therapy has also
been used to reduce tumor size when surgery is not pos-
sible or not totally successful. A combination of drug,
surgery, and radiation treatment can also be used.

Galactorrhea is more of a nuisance than a real threat
to health. While it is important to find the cause of the
condition, even if a tumor is discovered in the pituitary
gland, it may not require treatment. With very small,
slow-growing tumors, some physicians may suggest a
“wait and see” approach.
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Prognosis

Treatment with bromocriptine is usually effective in
stopping milk secretion, however, symptoms may recur if
drug therapy is discontinued. Surgical removal or radia-
tion treatment may correct the problem permanently if it
is related to a tumor. Frequent monitoring of hormone
status and tumor size may be recommended.

Prevention

There is no way to prevent galactorrhea. If the con-
dition is caused by the use of a particular drug, a patient
may be able to switch to a different drug that does not
have the side-effect of galactorrhea.

Resources

BOOKS

Bennett, J. Claude, and Fred Plum, eds. Cecil Textbook of Med-
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1998. 37th ed. Stamford: Appleton & Lange, 1997.

“Galactorrhea (Hyperprolactinemia).” In Professional Guide to
Diseases. 5th ed. Springhouse, PA: Springhouse Corpora-
tion, 1995.
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py. 16th ed. Ed. Robert Berkow. Rahway, NJ: Merck
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I Galactosemia
Definition

Galactosemia is an inherited disease in which the
transformation of galactose to glucose is blocked, allow-
ing galactose to increase to toxic levels in the body. If
galactosemia is untreated, high levels of galactose cause
vomiting, diarrhea, lethargy, low blood sugar, brain
damage, jaundice, liver enlargement, cataracts, suscep-
tibility to infection, and death.

Description

Galactosemia is a rare but potentially life-threaten-
ing disease that results from the inability to metabolize
galactose. Serious consequences from galactosemia can
be prevented by screening newborns at birth with a sim-
ple blood test.

Galactosemia is an inborn error of metabolism.
“Metabolism” refers to all chemical reactions that take
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place in living organisms. A metabolic pathway is a series
of reactions where the product of each step in the series is
the starting material for the next step. Enzymes are the
chemicals that help the reactions occur. Their ability to
function depends on their structure, and their structure is
determined by the deoxyribonucleic acid (DNA)
sequence of the genes that encode them. Inborn errors of
metabolism are caused by mutations in these genes which
do not allow the enzymes to function properly.

Sugars are sometimes called “the energy mole-
cules,” and galactose and glucose are both sugars. For
galactose to be utilized for energy, it must be trans-
formed into something that can enter the metabolic path-
way that converts glucose into energy (plus water and
carbon dioxide). This is important for infants because
they typically get most of their nutrient energy from
milk, which contains a high level of galactose. Each
molecule of lactose, the major sugar constituent of milk,
is made up of a molecule of galactose and a molecule of
glucose, and so galactose makes up 20% of the energy
source of a typical infant’s diet.

Three enzymes are required to convert galactose into
glucose-1-phosphate (a phosphorylated glucose that can
enter the metabolic pathway that turns glucose into ener-
gy). Each of these three enzymes is encoded by a sepa-
rate gene. If any of these enzymes fail to function, galac-
tose build-up and galactosemia result. Thus, there are
three types of galactosemia with a different gene respon-
sible for each.

Every cell in a person’s body has two copies of
each gene. Each of the forms of galactosemia is inherit-
ed as a recessive trait, which means that galactosemia is
only present in individuals with two mutated copies of
one of the three genes. This also means that carriers,
with only one copy of a gene mutation, will not be
aware that they are carrying a mutation (unless they
have had a genetic test), as it is masked by the normal
gene they also carry and they have no symptoms of the
disease. For each step in the conversion of galactose to
glucose, if only one of the two copies of the gene con-
trolling that step is normal (i.e. for carriers), enough
functional enzyme is made so that the pathway is not
blocked at that step. If a person has galactosemia, both
copies of the gene coding for one of the enzymes
required to convert glucose to galactose are defective
and the pathway becomes blocked. If two carriers of the
same defective gene have children, the chance of any of
their children getting galactosemia (the chance of a
child getting two copies of the defective gene) is 25%
(one in four) for each pregnancy.

Classic galactosemia occurs in the United States
about one in every 50,000-70,000 live births.
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Causes and symptoms
Galactosemia I

Galactosemia I (also called classic galactosemia),
the first form to be discovered, is caused by defects in
both copies of the gene that codes for an enzyme called
galactose-1-phosphate uridyl transferase (GALT). There
are 30 known different mutations in this gene that cause
GALT to malfunction.

Newborns with galactosemia I appear normal at
birth, but begin to develop symptoms after they are given
milk for the first time. Symptoms include vomiting, diar-
rhea, lethargy (sluggishness or fatigue), low blood glu-
cose, jaundice (a yellowing of the skin and eyes),
enlarged liver, protein and amino acids in the urine, and
susceptibility to infection, especially from gram negative
bacteria. Cataracts (a grayish white film on the eye lens)
can appear within a few days after birth. People with
galactosemia frequently have symptoms as they grow
older even though they have been given a galactose-free
diet. These symptoms include speech disorders,
cataracts, ovarian atrophy and infertility in females,
learning disabilities, and behavioral problems.

Galactosemia I1

Galactosemia II is caused by defects in both copies
of the gene that codes for an enzyme called galactokinase
(GALK). The frequency of occurrence of galactosemia II
is about one in 100,000-155,000 births.

Galactosemia II is less harmful than galactosemia I.
Babies born with galactosemia II will develop cataracts
at an early age unless they are given a galactose-free diet.
They do not generally suffer from liver damage or neuro-
logic disturbances.

Galactosemia I11

Galactosemia III is caused by defects in the gene
that codes for an enzyme called uridyl diphosphogalac-
tose-4-epimerase (GALE). This form of galactosemia is
very rare.

There are two forms of galactosemia III, a severe
form, which is exceedingly rare, and a benign form. The
benign form has no symptoms and requires no special
diet. However, newborns with galactosemia III, including
the benign form, have high levels of galactose-1-phos-
phate that show up on the initial screenings for elevated
galactose and galactose-1-phosphate. This situation illus-
trates one aspect of the importance of follow-up enzyme
function tests. Tests showing normal levels of GALT and
GALK allow people affected by the benign form of
galactosemia III to enjoy a normal diet.
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Galactosemia

KEY TERMS

Casein hydrolysate—A preparation made from the
milk protein casein, which is hydrolyzed to break
it down into its constituent amino acids. Amino
acids are the building blocks of proteins.

Catalyst—A substance that changes the rate of a
chemical reaction, but is not physically changed
by the process.

Enzyme—A protein that catalyzes a biochemical
reaction or change without changing its own
structure or function.

Galactose—One of the two simple sugars, togeth-
er with glucose, that makes up the protein, lac-
tose, found in milk. Galactose can be toxic in high
levels.

Glucose—One of the two simple sugars, together
with galactose, that makes up the protein, lactose,
found in milk. Glucose is the form of sugar that is
usable by the body to generate energy.

Lactose—A sugar made up of of glucose and
galactose. It is the primary sugar in milk.

Metabolic pathway—A sequence of chemical
reactions that lead from some precursor to a prod-
uct, where the product of each step in the series is
the starting material for the next step.

Metabolism—The total combination of all of the
chemical processes that occur within cells and tis-
sues of a living body.

Recessive trait—An inherited trait or characteristic
that is outwardly obvious only when two copies of
the gene for that trait are present.

The severe form has symptoms similar to those of
galactosemia I, but with more severe neurological prob-
lems, including seizures. Only two cases of this rare form
had been reported as of 1997.

Diagnosis

The newborn screening test for classic galactosemia
is quick and straightforward; all but three states require
testing on all newborns. Blood from a baby who is two to
three days old is usually first screened for high levels of
galactose and galactose-1-phosphate. If either of these
compounds is elevated, further tests are performed to
find out which enzymes (GALT, GALK, or GALE) are
present or missing. DNA testing may also be performed
to confirm the diagnosis.
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If there is a strong suspicion that a baby has galac-
tosemia, galactose is removed from their diet right away.
In this case, an initial screen for galactose or galactose-1-
phosphate will be meaningless. In the absence of galac-
tose in the diet, this test will be negative whether the
baby has galactosemia or not. In this case, tests to mea-
sure enzyme levels must be given to find out if the sus-
pected baby is indeed galactosemic.

In addition, galactosemic babies who are refusing
milk or vomiting will not have elevated levels of galac-
tose or galactose phosphate, and their condition will not
be detected by the initial screen. Any baby with symp-
toms of galactosemia (for example, vomiting) should be
given enzyme tests.

Treatment

Galactosemia I and II are treated by removing galac-
tose from the diet. Since galactose is a break-down prod-
uct of lactose, the primary sugar constituent of milk, this
means all milk and foods containing milk products must
be totally eliminated. Other foods like legumes, organ
meats, and processed meats also contain considerable
galactose and must be avoided. Pills that use lactose as a
filler must also be avoided. Soy-based and casein
hydrolysate-based formulas are recommended for infants
with galactosemia.

Treatment of the severe form of galactosemia III
with a galactose-restricted diet has been tried, but this
disorder is so rare that the long-term effects of this treat-
ment are unknown.

Prognosis

Early detection in the newborn period is the key to
controlling symptoms. Long-term effects in untreated
babies include severe mental retardation, cirrhosis of
the liver, and death. About 75% of the untreated babies
die within the first two weeks of life. On the other hand,
with treatment, a significant proportion of people with
galactosemia I can lead nearly normal lives, although
speech defects, learning disabilities, and behavioral
problems are common. In addition, cataracts due to
galactosemia II can be completely prevented by a galac-
tose-free diet.

Prevention

Since galactosemia is a recessive genetic disease, the
disease is usually detected on a newborn screening test,
since most people are unaware that they are carriers of a
gene mutation causing the disease. For couples with a
previous child with galactosemia, prenatal diagnosis is
available to determine whether a pregnancy is similarly
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affected. Families in which a child has been diagnosed
with galactosemia can have DNA testing which can
enable other more distant relatives to determine their car-
rier status. Prospective parents can then use that informa-
tion to conduct family planning or to prepare for a child
with special circumstances. Children born with galac-
tosemia should be put on a special diet right away, to
reduce the symptoms and complications of the disease.

Resources

BOOKS
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New York: Churchill Livingstone, 1998.
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I Gallbladder cancer
Definition

Cancer of the gallbladder is cancer of the pear-
shaped organ that lies on the undersurface of the liver.

Description

Bile from the liver is funneled into the gallbladder
by way of the cystic duct. Between meals, the gallblad-
der stores a large amount of bile. To do this, it must
absorb much of the water and electrolytes from the bile.
In fact, the inner surface of the gallbladder is the most
absorptive surface in the body. After a meal, the gallblad-
der’s muscular walls contract to deliver the bile back
through the cystic duct and eventually into the small
intestine, where the bile can help digest food.
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Demographics

About 5,000 people are diagnosed with gallbladder
cancer each year in the United States, making it the fifth
most common gastrointestinal cancer. It is more common
in females than males and most patients are elderly.
Southwest American Indians have a particularly high
incidence—six times that of the general population.

Causes and symptoms

Gallstones are the most significant risk factor for
the development of gallbladder cancer. Roughly 75 to 90
percent of patients with gallbladder cancer also have
gallstones. Larger gallstones are associated with a higher
chance of developing gallbladder cancer. Chronic
inflammation of the gallbladder from infection also
increases the risk for gallbladder cancer.

Unfortunately, sometimes cancer of the gallbladder
does not produce symptoms until late in the disease.
When symptoms are evident, the most common is pain
in the upper right portion of the abdomen, underneath the
right ribcage. Patients with gallbladder cancer may also
report symptoms such as nausea, vomiting, weakness,
jaundice, skin itching, fever, chills, poor appetite, and
weight loss.

Diagnosis

Gallbladder cancer is often misdiagnosed because it
mimics other more common conditions, such as gall-
stones, cholecystitis, and pancreatitis. But the imaging
tests that are utilized to evaluate these other conditions
can also detect gallbladder cancer. For example, ultra-
sound is a quick, noninvasive imaging test that reliably
diagnoses gallstones and cholecystitis. It can also detect
the presence of gallbladder cancer as well as show how
far the cancer has spread. If cancer is suspected, a com-
puted tomography scan is useful in confirming the pres-
ence of an abnormal mass and further demonstrating the
size and extent of the tumor. Cholangiography, usually
performed to evaluate a patient with jaundice, can also
detect gallbladder cancer.

There are no specific laboratory tests for gallbladder
cancer. Tumors can obstruct the normal flow of bile from
the liver to the small intestine. Bilirubin, a component of
bile, builds up within the liver and is absorbed into the
bloodstream in excess amounts. This can be detected in a
blood test, but it can also manifest clinically as jaundice.
Elevated bilirubin levels and clinical jaundice can also
occur with other conditions, such as gallstones.

On occasion, gallbladder cancer is diagnosed inci-
dentally. About one percent of all patients who have their
gallbladder removed for symptomatic gallstones are
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Gallbladder cancer

KEY TERMS

Cholangiography—Radiographic examination of
the bile ducts after injection with a special dye

Cholecystitis—Inflammation of the gallbladder,
usually due to infection

Computed tomography—A radiology test by
which images of cross-sectional planes of the
body are obtained

Jaundice—Yellowish staining of the skin and eyes
due to excess bilirubin in the bloodstream

Metastasis—The spread of tumor cells from one
part of the body to another through blood vessels
or lymphatic vessels

Pancreatitis—Inflammation of the pancreas

Stent—Slender hollow catheter or rod placed
within a vessel or duct to provide support or main-
tain patency

Ultrasound—A radiology test utilizing high fre-
quency sound waves

found to have gallbladder cancer. The cancer is found
either by the surgeon or by the pathologist who inspects
the gallbladder with a microscope.

Treatment

Staging of gallbladder cancer is determined by the
how far the cancer has spread. The effectiveness of
treatment declines as the stage progresses. Stage I can-
cer is confined to the wall of the gallbladder. Approxi-
mately 25% of cancers are at this stage at the time of
diagnosis. Stage II cancer has penetrated the full thick-
ness of the wall, but has not spread to nearby lymph
nodes or invaded adjacent organs. Stage III cancer has
spread to nearby lymph nodes or has invaded the liver,
stomach, colon, small intestine, or large intestine. Stage
IV disease has invaded very deeply into two or more
adjacent organs or has spread to distant lymph nodes or
organs by way of metastasis.

Early Stage I cancers involving only the innermost
layer of the gallbladder wall can be cured by simple
removal of the gallbladder. Cancers at this stage are
sometimes found incidentally when the gallbladder is
removed in the treatment of gallstones or cholecystitis.
The majority of patients have good survival rates. Late
Stage I cancers, which involve the outer muscular layers
of the gallbladder wall, are generally treated in the same
way as Stage II or III cancers. Removal of the gallblad-
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der is not sufficient for these stages. The surgeon also
removes nearby lymph nodes as well as a portion of the
adjacent liver (radical surgery). Survival rates for these
patients are considerably worse than for those with early
Stage I disease. Patients with early Stage IV disease may
benefit from radical surgery, but the issue is controver-
sial. Late Stage IV cancer has spread too extensively to
allow complete excision. Surgery is not an option for
these patients.

Other therapies

When long-term survival is not likely, the focus of
therapy shifts to improving quality of life. Jaundice and
blockage of the stomach are two problems faced by
patients with advanced cancer of the gallbladder. These
can be treated with surgery, or alternatively, by special
interventional techniques employed by the gastroenterol-
ogist or radiologist. A stent can be placed across the bile
ducts in order to re-establish the flow of bile and relieve
jaundice. A small feeding tube can be placed in the small
intestine to allow feeding when the stomach is blocked.
Pain may be treated with conventional pain medicines or
a celiac ganglion nerve block.

Current chemotherapy or radiation therapy can-
not cure gallbladder cancer, but they may offer some
benefit in certain patients. For cancer that is too
advanced for surgical cure, treatment with chemothera-
peutic agents such as 5-fluorouracil may lengthen sur-
vival for a few months. The limited benefit of chemother-
apy must be weighed carefully against its side effects.
Radiation therapy is sometimes used after attempted sur-
gical resection of the cancer to extend survival for a few
months or relieve jaundice.
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Gallbladder disease see Cholecystitis
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I Gallbladder nuclear
medicine scan

Definition

A nuclear medicine scan of the gallbladder is used to
produce a set of images that look like x rays. The proce-
dure uses a small amount of radioactive dye which is
injected into the body. The dye accumulates in the organ,
in this case, the gallbladder. A special camera called a
scintillation or gamma camera produces images based on
how the dye travels through the system and how the radi-
ation is absorbed by the tissues. The procedure is also
called cholescintigraphy or a hepatobiliary scan.

Purpose

A nuclear medicine scan can be used to diagnose
disease and to find abnormalities in a body organ. A gall-
bladder scan can detect gallstones, tumors, or defects of
the gallbladder. It can also be used to diagnose blockages
of the bile duct that leads from the gallbladder to the
small intestine. Unlike ultrasound, a gallbladder nuclear
medicine scan can assess gallbladder function.

Precautions

Women who are pregnant or breastfeeding should
tell their doctors before a scan is performed. Some med-
ications or even eating a high fat meal before the proce-
dure can interfere with the results of the scan.

Description

The gallbladder is a small pear-shaped sac located
under the liver. The liver produces bile, a yellowish-
green mixture of salts, acids, and other chemicals, that
are stored in the gallbladder. Bile is secreted into the
small intestine to help the body digest fats from foods.

Gallbladder disease, gallstones, cancer, or other
abnormalities can cause pain and other symptoms. A
gallbladder condition might be suspected if a patient has
chronic or occasional pain in the upper right side of the
abdomen. The pain may be stabbing and intense with
sudden onset or it may be more of a dull, occasional
ache. Loss of appetite, nausea and vomiting can also
occur. Fever may indicate the presence of infection.
Jaundice, a yellowing of the skin and whites of the eyes,
may also indicate that the gallbladder is involved.

A gallbladder nuclear medicine scan may be used to
diagnose gallstones, blockage of the bile duct or other
abnormalities, and to assess gallbladder functioning and
inflammation (cholecystitis). The scan is usually per-
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KEY TERMS

Cholecystitis—Inflammation of the gallbladder.

Cholescintigraphy—Another term for a gallblad-
der nuclear medicine scan.

Hepatobiliary scan—Another term for a gallblad-
der nuclear medicine scan.

Scintillation or gamma camera—A camera, some-
what like an x-ray machine, used to photograph
internal organs after the patient has been injected
with a radioactive material.

formed in a hospital or clinical radiology department.
The patient lies on an examination table while a small
amount of radioactive dye is injected into a vein in the
arm. This dye circulates through the blood and collects in
the gallbladder. As the dye moves through the gallblad-
der, a series of pictures is taken using a special camera
called a scintillation or gamma camera. This procedure
produces images that look like x rays. The test usually
takes one to two hours to complete, but can last up to
four hours.

The results of the scan are read by a radiologist, a
doctor specializing in X rays and other types of scanning
techniques. A report is sent, usually within 24 hours, to
the doctor who will discuss the results with the patient.

Preparation

The patient may be required to withhold food and
liquids for up to eight hours before the scan.

Aftercare

No special care is required after the procedure. Once
the scan is complete, the patient can return to normal
activities.

Risks

Nuclear medicine scans use a very small amount of
radioactive material, and the risk of radiation is minimal.
Very rarely, a patient may have a reaction to the dye
material used.

Normal results

A normal scan shows a gallbladder without gall-
stones. There will be no evidence of growths or tumors,
and no signs of infection or swelling. The normal gall-
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Gallbladder x rays

bladder fills with bile and secretes it through the bile duct
without blockages.

Abnormal results

An abnormal scan may show abnormal gallbladder
emptying (suggesting gallbladder dysfunction or inflam-
mation), or gallstones in the gallbladder or in the bile
duct. The presence of tumors, growths or other types of
blockages of the duct or the gallbladder itself could also
appear on an abnormal scan.

Resources

BOOKS
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Consumer’s Medical Desk Reference, ed. Charles B.
Inlander. New York: Hyperion, 1995.

“Hepatic Scans.” in Infectious Diseases. 2nd ed. Philadelphia:
W. B. Saunders Co., 1998.
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Gallbladder surgery see Cholecystectomy

I Gallbladder x rays
Definition

This is an x-ray exam of the gallbladder (GB), a sac-
like organ that stores bile that is located under the liver.
The study involves taking tablets containing dye (con-
trast) which outline any abnormalities when X rays are
taken the following day. The test was once the standard
for diagnosing diseases of the GB such as gallstones, but
is used less frequently now. This is due to advances in
diagnostic ultrasound, which is quick, accurate and does-
n’t involve exposure to ionizing radiation. When func-
tional parameters of the gallbladder need to be demon-
strated, scintigraphy is now the study of choice. OCG,
however, can be useful when a gallbladder is contracted
down due to the presence of many, many gallstones. It
can also help determine whether the cystic duct is clear,
prior to surgical procedures such as lithotripsy. OCG
may also be used to evaluate gallbladder disease that
doesn’t involve gallstones, such as adenomyomatosis of
the gallbladder or cholesterolosis of the gallbladder.
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Purpose

This test, also known as an oral cholecystogram or
OCQG, is usually ordered to help physicians diagnose
disorders of the gallbladder, such as gallstones and
tumors, which show up as solid dark structures. It is per-
formed to help in the investigation of patients with upper
abdominal pain. The test also measures gallbladder
function, as the failure of the organ to visualize can sig-
nify a non-functioning or diseased gallbladder. The gall-
bladder may also not visualize if the bilirubin level is
over 4 and the study should not be performed under
these circumstances.

Precautions

Your physician must be notified if you are pregnant
or allergic to iodine. Patients with a history of severe kid-
ney damage, have an increased risk of injury or side
effects from the procedure. In those cases, ultrasound is
commonly used instead of the x-ray examination. Some
people experience side effects from the contrast material
(dye tablets), especially diarrhea. During preparation
for the test, patients should not use any laxatives. Dia-
betics should discuss the need for any adjustment in
medication with their physician.

Description

The exam is performed in the radiology department.
The night before the test, patients swallow six tablets (one
at a time) that contain the contrast (x-ray dye). The follow-
ing day at the hospital, the radiologist examines the gall-
bladder with a fluoroscope (a special x ray that projects
the image onto a video monitor). Sometimes, patients are
then asked to drink a highfat formula that will cause the
gallbladder to contract and release bile. X rays will then be
taken at various intervals. There is no discomfort from the
test. If the gallbladder is not seen, the patient may be asked
to return the following day for x rays.

Preparation

The day before the test patients are instructed to eat
a high fat lunch (eggs, butter, milk, salad oils, or fatty
meats), and a fat-free meal (fruits, vegetables, bread, tea
or coffee, and only lean meat) in the evening. Two hours
after the evening meal, six tablets containing the contrast
medium, are taken, one a time. After that, no food or
fluid is permitted until after the test.

Aftercare

No special care is required after the study.
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KEY TERMS

Bile—A yellow-green liquid produced by the liver,
which is released through the bile ducts into the
small intestines to help digest fat.

Bilirubin—A reddish-yellow pigment formed from
the destruction of red blood cells, and metabo-
lized by the liver. Levels of bilirubin in the blood
increase in patients with liver disease or blockage
of the bile ducts.

Ultrasound—A non-invasive procedure based on
changes in sound waves of a frequency that cannot
be heard, but respond to changes in tissue compo-
sition. It requires no preparation and no radiation
occurs; it has become the “gold standard” for diag-
nosis of stones in the gallbladder, but is less accu-
rate in diagnosing stones in the bile ducts. Gall-
stones as small as 2 mm can be identified.

Risks

There is a small chance of an allergic reaction to the
contrast material. In addition, there is low radiation expo-
sure. X rays are monitored and regulated to provide the
minimum amount of radiation exposure needed to produce
the image. Most experts feel that the risk is low compared
with the benefits. Pregnant women and children are more
sensitive to the risks of x rays, and the risk versus benefits
should be discussed with the treating physician.

Normal results

The x ray will show normal structures for the age of
the patient. The gallbladder should visualize, and be free
of any solid structures, such as stones, polyps, etc.

Abnormal results

Abnormal results may show gallstones, tumors, or
cholesterol polyps (a tumor growing from the lining that
is usually noncancerous). Typically stones will “float” or
move around as the patient changes position, whereas
tumors will stay in the same place.

Resources

BOOKS

Levenson, Deborah E. and Fromm, Hans. “Oral Cholecys-
togram.” In Hepatology: A Textbook of Liver Disease,
edited by David Zakim and Thomas D. Boyer et al.
Philadelphia: W.B. Saunders Company. 1996, p.1883.
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Sleisenger and Fordtran’s Gastrointestinal and Liver Disease:
Pathophysiology/Diagnosis/ Management, edited Mark
Feldman, et al. Philadelphia: W.B. Saunders Company,
1998.

Zeaman, Robert K. “Oral Cholecystography.” In Bockus Gas-
troenterology, edited by William S. Haubrich et al.
Philadelphia: W.B. Saunders Company. 1995, pp. 208-211.

OTHER

“Gall Bladder Exam.” Harvard Medical School. <http://www.
bih.harvard.edu/radiology/Modalities/Xray/ xraysSubdi-
vsf/gallbl.html>.

“Gallstones.” National Institutes of Health. <http://www.
niddk.nih.gov/health/digest/pubs/gallstns/ gallstns.htm>.

“Oral cholecystogram.” Healthanswers.com. <http://www.
healthanswers.com/database/ami/converted/003821.html>.

Rosalyn Carson-DeWitt, MD

I Gallium scan of the body
Definition

A gallium scan of the body is a nuclear medicine test
that is conducted using a camera that detects gallium, a
form of radionuclide, or radioactive chemical substance.

Purpose

Most gallium scans are ordered to detect cancerous
tumors, infections, or areas of inflammation in the body.
Gallium is known to accumulate in inflamed, infected, or
cancerous tissues. The scans are used to determine
whether a patient with an unexplained fever has an infec-
tion and the site of the infection, if present. Gallium
scans also may be used to evaluate cancer following
chemotherapy or radiation therapy.

Precautions

Children and women who are pregnant or breast-
feeding are only given gallium scans if the potential
diagnostic benefits will outweigh the risks.

Description

The patient will usually be asked to come to the test-
ing facility 24—48 hours before the procedure to receive
the injection of gallium. Sometimes, the injection will be
given only four to six hours before the study or as long as
72 hours before the procedure. The timeframe is based
on the area or organs of the body being studied.
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Gallium scan of the body

Gallium scan highlighting the thyroid gland. (Photo
Researchers. Reproduced by permission.)

For the study itself the patient lies very still for
approximately 30-60 minutes. A camera is moved across
the patient’s body to detect and capture images of con-
centrations of the gallium. The camera picks up signals
from any accumulated areas of the radionuclide. In most
cases, the patient is lying down throughout the proce-
dure. Back (posterior) and front (anterior) views will
usually be taken, and sometimes a side (lateral) view is
used. The camera may occasionally touch the patient’s
skin, but will not cause any discomfort. A clicking noise
may be heard throughout the procedure; this is only the
sound of the scanner registering radiation.

Preparation

The intravenous injection of gallium is done in a
separate appointment prior to the procedure. Generally,
no special dietary requirements are necessary. Some-
times the physician will ask that the patient have light
or clear meals within a day or less of the procedure.
Many patients will be given laxatives or an enema
prior to the scan to eliminate any residual gallium from
the bowels.

Aftercare

There is generally no aftercare required following a
gallium scan. However, women who are breastfeeding
who have a scan will be cautioned against breastfeeding
for four weeks following the exam.
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Risks

There is a minimal risk of exposure to radiation
from the gallium injection, but the exposure from one
gallium scan is generally less than exposure from x rays.

Normal results

A radiologist trained in nuclear medicine or a
nuclear medicine specialist will interpret the exam
results and compare them to other diagnostic tests. It is
normal for gallium to accumulate in the liver, spleen,
bones, breast tissue, and large bowel.

Abnormal results

An abnormal concentration of gallium in areas other
than those where it normally concentrates may indicate
the presence of disease. Concentrations may be due to
inflammation, infection, or the presence of tumor tissue.
Often, additional tests are required to determine if the
tumors are malignant (cancerous) or benign.

Even though gallium normally concentrates in
organs such as the liver or spleen, abnormally high con-
centrations will suggest certain diseases and conditions.
For example, Hodgkin’s or non-Hodgkin’s lymphoma
may be diagnosed or staged if there is abnormal gallium
activity in the lymph nodes. After a patient receives can-
cer treatment, such as radiation therapy or chemotherapy,
a gallium scan may help to find new or recurring tumors
or to record regression of a treated tumor. Physicians can
narrow causes of liver problems by noting abnormal gal-
lium activity in the liver. Gallium scans also may be used
to diagnose lung diseases or a disease called sarcoidosis,
in the chest.

Resources

BOOKS

Fischbach, Frances T. A Manual of Laboratory and Diagnostic
Tests. Philadelphia, PA: Lippincott-Raven Publishers,
1996.

Illustrated Guide to Diagnostic Tests. Springhouse, PA: Spring-
house Corporation, 1998.

ORGANIZATIONS

American Cancer Society. 1599 Clifton Road NE, Atlanta, GA
30329. (404) 320-3333. <http://www.cancer.org>.

American College of Nuclear Medicine. PO Box 175, Lan-
disville, PA 31906. (717) 898-6006.

American Liver Foundation. 1425 Pompton Avenue, Cedar
Grove NJ 07009. (800) GO LIVER (465-4837). <http://
www.liverfoundation.org>.

Society of Nuclear Medicine. 1850 Samuel Morse Drive,
Reston, VA 10016. (703) 708-9000. <http://www.snm.org>.
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KEY TERMS

Benign—Not cancerous. Benign tumors are not
considered immediate threats, but may still
require some form of treatment.

Gallium—A form of radionuclide that is used to
help locate tumors and inflammation (specifically
referred to as GA67 citrate).

Malignant—This term, usually used to describe a
tumor, means cancerous, becoming worse and
possibly growing.

Nuclear medicine—A subspecialty of radiology
used to show the function and anatomy of body
organs. Very small amounts of radioactive sub-
stances, or tracers, are detected with a special
camera as they accumulate in certain organs and
tissues.

Radionuclide—A chemical substance, called an
isotope, that exhibits radioactivity. A gamma cam-
era, used in nuclear medicine procedures, will
pick up the radioactive signals as the substance
gathers in an organ or tissue. They are sometimes
referred to as tracers.

OTHER

“A Patient’s Guide to Nuclear Medicine.” University of lowa
Virtual Hospital. <http://www.vh.org/Patients/[HB/Rad/
NucMed/PatGuideNucMed/PatGuideNucMed.html>. 2
July 2001.

Teresa G. Norris

I Gallstone removal
Definition

Also known as cholelithotomy, gallstone removal is
the medical procedure that rids the gallbladder of calcu-
lus buildup.

Purpose

The gallbladder is not a vital organ. Its function is to
store bile, concentrate it, and release it during digestion.
Bile is supposed to retain all of its chemicals in solution,
but commonly one of them crystallizes and forms sand,
gravel, and finally stones.
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The chemistry of gallstones is complex and interest-
ing. Like too much sugar in solution, chemicals in bile
will form crystals as the gallbladder draws water out of
the bile. The solubility of these chemicals is based on the
concentration of three chemicals, not just one—bile
acids, phospholipids, and cholesterol. If the chemicals
are out of balance, one or the other will not remain in
solution. Certain people, in particular the Pima tribe of
Native Americans in Arizona, have a genetic predisposi-
tion to forming gallstones. Scandinavians also have a
higher than average incidence of this disease. Dietary fat
and cholesterol are also implicated in their formation.
Overweight women in their middle years constitute the
vast majority of patients with gallstones in every group.

As the bile crystals aggregate to form stones, they
move about, eventually occluding the outlet and prevent-
ing the gallbladder from emptying. This creates symp-
toms. It also results in irritation, inflammation, and
sometimes infection of the gallbladder. The pattern is
usually one of intermittent obstruction due to stones
moving in and out of the way. All the while the gallblad-
der is becoming more scarred. Sometimes infection fills
it with pus—a serious complication.

On occasion a stone will travel down the cystic duct
into the common bile duct and get stuck there. This will
back bile up into the liver as well as the gallbladder. If
the stone sticks at the Ampulla of Vater, the pancreas will
also be plugged and will develop pancreatitis. These
stones can cause a lot of trouble.

Bile is composed of several waste products of metabo-
lism, all of which are supposed to remain in liquid form.
The complex chemistry of the liver depends on many chem-
ical processes, which depend in turn upon the chemicals in
the diet and the genes that direct those processes. There are
greater variations in the output of chemical waste products
than there is allowance for their cohabitation in the bile.
Incompatible mixes result in the formation of solids.

Gallstones will cause the sudden onset of pain in the
upper abdomen. Pain will last for 30 minutes to several
hours. Pain may move to the right shoulder blade. Nau-
sea with or without vomiting may accompany the pain.

Precautions

Individuals suffering from sickle cell anemia, children,
and patients with large stones may seek other treatments.

Description
Laparoscopic cholecystectomy

Surgery to remove the entire gallbladder with all its
stones is usually the best treatment, provided the patient
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Gallstone removal

Common bile duct

Duodenum

Gallbladder

Pyloric sphincter

Gallstone removal, also known as cholelithotomy, usually involves the surgical removal of the entire gallbladder, but in recent
years the procedure done by laparoscopy has resulted in smaller surgical incisions and faster recovery time. (lllustration by

Electronic lllustrators Group.)

is able to tolerate the procedure. Over the past decade, a
new technique of removing the gallbladder using a
laparoscope has resulted in quicker recovery and much
smaller surgical incisions than the six-inch gash under
the right ribs that used to be standard. Not everyone is a
candidate for this approach.

If a stone is lodged in the bile ducts, additional
surgery must be done to remove it. After surgery, the sur-
geon will ordinarily leave in a drain to collect bile until
the system is healed. The drain can also be used to inject
contrast material and take x rays during or after surgery.

Endoscopic retrograde cholangiopancreatoscopy
(ERCP)

A procedure called endoscopic retrograde cholan-
giopancreatoscopy (ERCP) allows the removal of some
bile duct stones through the mouth, throat, esophagus,
stomach, duodenum, and biliary system without the need
for surgical incisions. ERCP can also be used to inject
contrast agents into the biliary system, providing
superbly detailed pictures.
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Cholelithotomy

Rare circumstances require different techniques.
Patients too ill for a complete cholecystectomy (removal
of the gallbladder), sometimes only the stones are
removed, a procedure called cholelithotomy. But that
does not cure the problem. The liver will go on making
faulty bile, and stones will reform, unless the composi-
tion of the bile is altered.

Ursodeoxycholic acid

For patients who cannot receive the laparoscopic
procedure, there is also a nonsurgical treatment in which
ursodeoxycholic acid is used to dissolve the gallstones.
Extracorporeal shock-wave lithotripsy has also been
successfully used to break up gallstones. During the pro-
cedure, high-amplitude sound waves target the stones,
slowly breaking them up.

Preparation
There are a number of imaging studies that identify

gallbladder disease, but most gallstones will not show up
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KEY TERMS

Cholecystectomy—Surgical removal of the gall-
bladder.

Cholelithotomy—Surgical incision into the gall-
bladder to remove stones.

Contrast agent—A substance that causes shadows
on x rays (or other images of the body).

Endoscope—One of several instruments designed
to enter body cavities. They combine viewing and
operating capabilities.

Jaundice—A yellow color of the skin and eyes due
to excess bile that is not removed by the liver.

Laparoscopy—Surgery through pencil-sized view-
ing instruments and tools so that incisions need be
less than half an inch long.

on conventional x rays. That requires contrast agents
given by mouth that are excreted into the bile. Ultra-
sound is very useful and can be enhanced by doing it
through an endoscope in the stomach. CT (computed
tomography scans) and MRI (magnetic resonance
imaging) scanning are not used routinely but are helpful
in detecting common duct stones and complications.

Aftercare

Without a gallbladder, stones rarely reform. Patients
who have continued symptoms after their gallbladder is
removed may need an ERCP to detect residual stones or
damage to the bile ducts caused by the stones before they
were removed. Once in a while the Ampulla of Vater is
too tight for bile to flow through and causes symptoms
until it is opened up.

Resources

BOOKS

Bennett, J. Claude, and Fred Plum, eds. Cecil Textbook of Med-
icine. Philadelphia: W. B. Saunders Co., 1996.
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Its Complications.” In Sleisenger & Fordtran’s Gastroin-
testinal and Liver Disease, ed. Mark Feldman, et al.
Philadelphia: W. B. Saunders Co., 1998.

Friedman, Lawrence J. “Liver, Biliary Tract and Pancreas.” In
Current Medical Diagnosis and Treatment, 1996. 35th ed.
Ed. Stephen McPhee, et al. Stamford: Appleton & Lange,
1995.

Hoffmann, Alan F. “Bile Secretion and the Enterohepatic Cir-
culation of Bile Acids.” In Sleisenger & Fordtran’s Gas-
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phia: W. B. Saunders Co., 1998.

J. Ricker Polsdorfer, MD

I Gallstones
Definition

A gallstone is a solid crystal deposit that forms in the
gallbladder, which is a pear-shaped organ that stores bile
salts until they are needed to help digest fatty foods. Gall-
stones can migrate to other parts of the digestive tract and
cause severe pain with life-threatening complications.

Description

Gallstones vary in size and chemical structure. A
gallstone may be as tiny as a grain of sand or as large as a
golf ball. Eighty percent of gallstones are composed of
cholesterol. They are formed when the liver produces
more cholesterol than digestive juices can liquefy. The
remaining 20% of gallstones are composed of calcium
and an orange-yellow waste product called bilirubin.
Bilirubin gives urine its characteristic color and some-
times causes jaundice.

Gallstones are the most common of all gallbladder
problems. They are responsible for 90% of gallbladder and
bile duct disease, and are the fifth most common reason
for hospitalization of adults in the United States. Gall-
stones usually develop in adults between the ages of 20
and 50; about 20% of patients with gallstones are over 40.
The risk of developing gallstones increases with age—at
least 20% of people over 60 have a single large stone or as
many as several thousand smaller ones. The gender ratio
of gallstone patients changes with age. Young women are
between two and six times more likely to develop gall-
stones than men in the same age group. In patients over
50, the condition affects men and women with equal fre-
quency. Native Americans develop gallstones more often
than any other segment of the population; Mexican-Amer-
icans have the second-highest incidence of this disease.

1387

sauojsjen



Gallstones

Definitions

Gallstones can cause several different disorders.
Cholelithiasis is defined as the presence of gallstones
within the gallbladder itself. Choledocholithiasis is the
presence of gallstones within the common bile duct that
leads into the first portion of the small intestine (the duo-
denum). The stones in the duct may have been formed
inside it or carried there from the gallbladder. These gall-
stones prevent bile from flowing into the duodenum. Ten
percent of patients with gallstones have choledocholithi-
asis, which is sometimes called common-duct stones.
Patients who don’t develop infection usually recover
completely from this disorder.

Cholecystitis is a disorder marked by inflammation
of the gallbladder. It is usually caused by the passage of a
stone from the gallbladder into the cystic duct, which is a
tube that connects the gallbladder to the common bile
duct. In 5-10% of cases, however, cholecystitis develops
in the absence of gallstones. This form of the disorder is
called acalculous cholecystitis. Cholecystitis causes
painful enlargement of the gallbladder and is responsible
for 10-25% of all gallbladder surgery. Chronic cholecys-
titis is most common in the elderly. The acute form is
most likely to occur in middle-aged adults.

Cholesterolosis or cholesterol polyps is character-
ized by deposits of cholesterol crystals in the lining of
the gallbladder. This condition may be caused by high
levels of cholesterol or inadequate quantities of bile salts,
and is usually treated by surgery.

Gallstone ileus, which results from a gallstone’s
blocking the entrance to the large intestine, is most
common in elderly people. Surgery usually cures this
condition.

Narrowing (stricture) of the common bile duct
develops in as many as 5% of patients whose gallblad-
ders have been surgically removed. This condition is
characterized by inability to digest fatty foods and by
abdominal pain, which sometimes occurs in spasms.
Patients with stricture of the common bile duct are likely
to recover after appropriate surgical treatment.

Causes and symptoms

Gallstones are caused by an alteration in the chemi-
cal composition of bile. Bile is a digestive fluid that helps
the body absorb fat. Gallstones tend to run in families. In
addition, high levels of estrogen, insulin, or cholesterol
can increase a person’s risk of developing them.

Pregnancy or the use of birth control pills can slow
down gallbladder activity and increase the risk of gall-
stones. So can diabetes, pancreatitis, and celiac disease.
Other factors influencing gallstone formation are:
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« infection

* obesity

« intestinal disorders

» coronary artery disease or other recent illness
* multiple pregnancies

« a high-fat, low-fiber diet

* smoking

* heavy drinking

« rapid weight loss

Gallbladder attacks usually follow a meal of rich,
high-fat foods. The attacks often occur in the middle of
the night, sometimes waking the patient with intense
pain that ends in a visit to the emergency room. The pain
of a gallbladder attack begins in the abdomen and may
radiate to the chest, back, or the area between the shoul-
ders. Other symptoms of gallstones include:

« inability to digest fatty foods
* low-grade fever

» chills and sweating

* nausea and vomiting

« indigestion

* gas

* belching.

* clay-colored bowel movements

Diagnosis

Gallstones may be diagnosed by a family doctor, a
specialist in digestive problems (a gastroenterologist), or
a specialist in internal medicine. The doctor will first
examine the patient’s skin for signs of jaundice and feel
(palpate) the abdomen for soreness or swelling. After the
basic physical examination, the doctor will order blood
counts or blood chemistry tests to detect evidence of bile
duct obstruction and to rule out other illnesses that cause
fever and pain, including stomach ulcers, appendicitis,
and heart attacks.

More sophisticated procedures used to diagnose
gallstones include:

« Ultrasound imaging. Ultrasound has an accuracy rate of
96%.

* Cholecystography (cholecystogram, gallbladder series,
gallbladder x ray). This type of study shows how the
gallbladder contracts after the patient has eaten a high-
fat meal.

* Fluoroscopy. This imaging technique allows the doctor
to distinguish between jaundice caused by pancreatic
cancer and jaundice caused by gallbladder or bile duct
disorders.
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Gallbladder

Common
/ bile duct

Gallstones form in the gallbladder but can migrate to other parts of the body via the bile duct. (lllustration by Argosy Inc.)

 Endoscopy (ERCP). ERCP uses a special dye to outline
the pancreatic and common bile ducts and locate the
position of the gallstones.

« Radioisotopic scan. This technique reveals blockage of
the cystic duct.

Treatment
Watchful waiting

One-third of all patients with gallstones never expe-
rience a second attack. For this reason many doctors
advise watchful waiting after the first episode. Reducing
the amount of fat in the diet or following a sensible plan
of gradual weight loss may be the only treatments
required for occasional mild attacks. A patient diagnosed
with gallstones may be able to manage more troublesome
episodes by:

« applying heat to the affected area
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« resting and taking occasional sips of water

« using non-prescription forms of acetaminophen (Tyle-
nol or Anacin-3)

A doctor should be notified if pain intensifies or
lasts for more than three hours; if the patient’s fever rises
above 101°F (38.3°C); or if the skin or whites of the eyes
turn yellow.

Surgery

Surgical removal of the gallbladder (cholecystecto-
my) is the most common conventional treatment for
recurrent attacks. Laparoscopic surgery, the technique
most widely used, is a safe, effective procedure that
involves less pain and a shorter recovery period than tra-
ditional open surgery. In this technique, the doctor makes
a small cut (incision) in the patient’s abdomen and
removes the gallbladder through a long tube called a
laparoscope.
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Gallstones

KEY TERMS

Acalculous cholecystitis—Inflammation of the gall-
bladder that occurs without the presence of gall-
stones.

Bilirubin—A reddish-yellow waste product pro-
duced by the liver that colors urine and is involved
in the formation of some gallstones.

Celiac disease—Inability to digest wheat protein
(gluten), which causes weight loss, lack of energy,
and pale, foul-smelling stools.

Cholecystectomy—Surgical removal of the gall-
bladder.

Cholecystitis—Inflammation of the gallbladder.

Choledocholithiasis—The presence of gallstones
within the common bile duct.

Nonsurgical approaches

LITHOTRIPSY. Shock wave therapy (lithotripsy)
uses high-frequency sound waves to break up the gall-
stones. The patient can then take bile salts to dissolve the
fragments. Bile salt tablets are sometimes prescribed
without lithotripsy to dissolve stones composed of cho-
lesterol by raising the level of bile acids in the gallblad-
der. This approach requires long-term treatment, since it
may take months or years for this method to dissolve a
sizeable stone.

CONTACT DISSOLUTION. Contact dissolution can
destroy gallstones in a matter of hours. This minimally
invasive procedure involves using a tube (catheter)
inserted into the abdomen to inject medication directly
into the gallbladder.

Alternative treatment

Alternative therapies, like non-surgical treatments,
may provide temporary relief of gallstone symptoms.
Alternative approaches to the symptoms of gallbladder
disorders include homeopathy, Chinese traditional
herbal medicine, and acupuncture. Dietary changes may
also help relieve the symptoms of gallstones. Since gall-
stones seem to develop more often in people who are
obese, eating a balanced diet, exercising, and losing
weight may help keep gallstones from forming.

Prognosis

Forty percent of all patients with gallstones have
“silent gallstones” that produce no symptoms. Silent
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Cholelithiasis—The presence of gallstones within
the gallbladder.

Cholesterolosis—Cholesterol crystals or deposits in
the lining of the gallbladder.

Common bile duct—The passage through which
bile travels from the cystic duct to the small intes-
tine.

Gallstone ileus—Obstruction of the large intestine
caused by a gallstone that has blocked the intestinal
opening.

Lithotripsy—A nonsurgical technique for removing
gallstones by breaking them apart with high-fre-
quency sound waves.

stones, discovered only when their presence is indicated
by tests performed to diagnose other symptoms, do not
require treatment.

Gallstone problems that require treatment can be
surgically corrected. Although most patients recover,
some develop infections that must be treated with antibi-
otics.

In rare instances, severe inflammation can cause the
gallbladder to burst. The resulting infection can be fatal.

Prevention

The best way to prevent gallstones is to minimize
risk factors. In addition, a 1998 study suggests that vigor-
ous exercise may lower a man’s risk of developing gall-
stones by as much as 28%. The researchers have not yet
determined whether physical activity benefits women to
the same extent.

Resources

BOOKS
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Emmaus, PA: Rodale Press, 1995.

Shaw, Michael, ed. Everything You Need to Know About Dis-
eases. Springhouse, PA: Springhouse Corporation, 1996.
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“Exercise Prevents Gallstone Disease.” Journal Watch (15 Apr.
1998): 63-64.
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National Institute of Diabetes and Digestive and Kidney Dis-
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Maureen Haggerty

Gamete intrafallopian transfer see Infertility
therapies

Gamma-glutamyl transferase test see Liver
function tests

I Gammaglobulin
Definition

Gammaglobulin is a type of protein found in the
blood. When gammaglobulins are extracted from the
blood of many people and combined, they can be used to
prevent or treat infections.

Purpose

This medicine is used to treat or prevent diseases that
occur when the body’s own immune system is not effective
against the disease. When disease-causing agents enter the
body, they normally trigger the production of antibodies,
proteins that circulate in the blood and help fight the dis-
ease. Gammaglobulin contains some of these antibodies.
When gammaglobulins are taken from the blood of people
who have recovered from diseases such as chickenpox or
hepatitis, they can be given to other people to make them
temporarily immune to those diseases. With hepatitis, for
example, this is done when someone who has not been vac-
cinated against hepatitis is exposed to the disease.

Description

Gammaglobulin, also known as immunoglobulin,
immune serum globulin or serum therapy, is injected
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Hepatitis—Inflammation of the liver caused by a
virus, chemical or drugs. There are several differ-
ent types of hepatitis, including the most common
forms: hepatitis A, hepatitis B, and hepatitis C.

Immune system—The body’s natural defenses
against disease and infection.

Inflammation—Pain, redness, swelling, and heat
that usually develop in response to injury or illness.

either into a vein or into a muscle. When injected into a
vein, it produces results more quickly than when injected
into a muscle.

Recommended dosage

Doses are different for different people and depend
on the person’s body weight and the condition for which
he or she is being treated.

Precautions

Anyone who has had unusual reactions to gamma-
globulin in the past should let his or her physician know
before taking the drugs again. The physician should also
be told about any allergies to foods, dyes, preservatives,
or other substances.

People who have certain medical conditions may
have problems if they take gammaglobulins. For example:

» Gammaglobulins may worsen heart problems or defi-
ciencies of immunoglobin A (IgA, a type of antibody)

« Certain patients with low levels of gammaglobulins in
the blood (conditions called agammaglobulinemia and
hypogammaglobulinemia) may be more likely to have
side effects when they take gammaglobulin.

Side effects

Minor side effects such as headache, backache, joint
or muscle pain, and a general feeling of illness usually go
away as the body adjusts to this medicine. These prob-
lems do not need medical attention unless they continue.

Other side effects, such as breathing problems or a
fast or pounding heartbeat, should be brought to a physi-
cian’s attention as soon as possible.

Anyone who shows the following signs of overdose
should check with a physician immediately:

» unusual tiredness or weakness
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« dizziness

* nausea

* vomiting

« fever

« chills

» tightness in the chest
« red face

* sweating

Interactions

Anyone who takes gammaglobulin should let the
physician know all other medicines he or she is taking
and should ask whether interactions with gammaglobulin
could interfere with treatment.

Nancy Ross-Flanigan

I Ganglion
Definition

A ganglion is a small, usually hard bump above a
tendon or in the capsule that encloses a joint. A ganglion
is also called a synovial hernia or synovial cyst.

Description

A ganglion is a non-cancerous cyst filled with a
thick, jelly-like fluid. Ganglions can develop on or
beneath the surface of the skin and usually occur
between the ages of 20 and 40.

Most ganglions develop on the hand or wrist. This
condition is common in people who bowl or who play
handball, raquetball, squash, or tennis. Runners and ath-
letes who jump, ski, or play contact sports often develop
foot ganglions.

Causes and symptoms

Mild sprains or other repeated injuries can irritate
and tear the thin membrane covering a tendon, causing
fluid to leak into a sac that swells and forms a ganglion.

Ganglions are usually painless, but range of motion
may be impaired. Flexing or bending the affected area
can cause discomfort, as can continuing to perform the
activity that caused the condition.

Cysts on the surface of the skin usually develop slow-
ly but may result from injury or severe strain. An internal
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Ganglion

Lunate bone

Scaphoid bone

A ganglion is a non-cancerous cyst filled with a thick, jelly-
like fluid. Ganglions can develop on or beneath the surface
of the skin, most likely on the hand or wrist, although run-
ners and skiers often develop them on the foot. (/llustration
by Electronic lllustrators Group.)

ganglion can cause soreness or a dull, aching sensation,
but the mass cannot always be felt. Symptoms sometimes
become evident only when the cyst causes pressure on a
nerve or outgrows the membrane surrounding it.

Diagnosis

Diagnosis is usually made through physical exami-
nation as well as such imaging studies as x ray, ultra-
sound, and magnetic resonance imaging (MRI). Fluid
may be withdrawn from the cyst and evaluated.

Treatment

Some ganglions disappear without treatment, and
some reappear despite treatment.

Acetaminophen (Tylenol) or other over-the-counter
analgesics can be used to control mild pain. Steroids or
local anesthetics may be injected into cysts that cause
severe pain or other troublesome symptoms. Surgery per-
formed in a hospital operating room or an outpatient facil-
ity, is the only treatment guaranteed to remove a ganglion.
The condition can recur if the entire cyst is not removed.

A doctor should be notified if the surgical site
drains, bleeds, or becomes

« inflamed
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* painful

« swollen or if the patient feels ill or develops:
* head or muscle aches

» dizziness

« fever following surgery

The patient may bathe or shower as usual, but
should keep the surgical site dry and covered with a ban-
dage for two or three days after the operation. Patients
may resume normal activities as soon as they feel com-
fortable doing so.

Prognosis

Possible complications include excessive post-oper-
ative bleeding and infection of the surgical site. Calcifi-
cation, or hardening, of the ganglion is rare.

Prevention

Exercises that increase muscle strength and flexibili-
ty can prevent ganglions. Warming and cooling down
before and after workouts may also decrease the rate of
developing ganglions.

Resources

BOOKS
Taylor, Robert B., ed. Family Medicine Principles and Prac-
tice. New York: Springer Verlag, 1994.

OTHER

“Foot Ganglion.” ThriveOnline. 25 May 1998 <http://thriveonline.
oxygen.com>.

“Hand or Wrist Ganglion.” ThriveOnline. 25 May 1998 <http://
thriveonline.oxygen.com>.

Maureen Haggerty

I Gangrene
Definition

Gangrene is the term used to describe the decay or
death of an organ or tissue caused by a lack of blood sup-
ply. It is a complication resulting from infectious or inflam-
matory processes, injury, or degenerative changes associat-
ed with chronic diseases, such as diabetes mellitus.

Description

Gangrene may be caused by a variety of chronic dis-
eases and post-traumatic, post-surgical, and spontaneous
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causes. There are three major types of gangrene: dry,
moist, and gas (a type of moist gangrene).

Dry gangrene is a condition that results when one or
more arteries become obstructed. In this type of gan-
grene, the tissue slowly dies, due to receiving little or no
blood supply, but does not become infected. The affected
area becomes cold and black, begins to dry out and with-
er, and eventually drops off over a period of weeks or
months. Dry gangrene is most common in persons with
advanced blockages of the arteries (arteriosclerosis)
resulting from diabetes.

Moist gangrene may occur in the toes, feet, or legs
after a crushing injury or as a result of some other factor
that causes blood flow to the area to suddenly stop. When
blood flow ceases, bacteria begin to invade the muscle
and thrive, multiplying quickly without interference from
the body’s immune system.

Gas gangrene, also called myonecrosis, is a type of
moist gangrene that is commonly caused by bacterial
infection with Clostridium welchii, Cl. perfringes, CI.
septicum, Cl. novyi, Cl. histolyticum, Cl. sporogenes, or
other species that are capable of thriving under condi-
tions where there is little oxygen (anaerobic). Once pre-
sent in tissue, these bacteria produce gasses and poiso-
nous toxins as they grow. Normally inhabiting the gas-
trointestinal, respiratory, and female genital tract, they
often infect thigh amputationwounds, especially in
those individuals who have lost control of their bowel
functions (incontinence). Gangrene, incontinence, and
debility often are combined in patients with diabetes, and
it is in the amputation stump of diabetic patients that gas
gangrene is often found to occur.

Other causative organisms for moist gangrene
include various bacterial strains, including Streptococcus
and Staphylococcus. A serious, but rare form of infection
with Group A Streptococcus can impede blood flow and,
if untreated, can progress to synergistic gangrene, more
commonly called necrotizing fasciitis, or infection of the
skin and tissues directly beneath the skin.

Chronic diseases, such as diabetes mellitus, arte-
riosclerosis, or diseases affecting the blood vessels, such
as Buerger’s disease or Raynaud’s disease, can cause
gangrene. Post-traumatic causes of gangrene include
compound fractures, burns, and injections given under
the skin or in a muscle. Gangrene may occur following
surgery, particularly in individuals with diabetes melli-
tus or other long-term (chronic) disease. In addition, gas
gangrene can be also be a complication of dry gangrene
or occur spontaneously in association with an underly-
ing cancer.

In the United States, approximately 50% of moist
gangrene cases are the result of a severe traumatic injury,
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Gangrene

A close-up of gangrene in the toes of a diabetic patient.
(Photo Researchers, Inc. Reproduced by permission.)

and 40% occur following surgery. Car and industrial
accidents, crush injuries, and gunshot wounds are the
most common traumatic causes. Because of prompt sur-
gical management of wounds with the removal of dead
tissue, the incidence of gangrene from trauma has signifi-
cantly diminished. Surgeries involving the bile ducts or
intestine are the most frequent procedures causing gan-
grene. Approximately two-thirds of cases affect the
extremities, and the remaining one-third involve the
abdominal wall.

Symptoms

Areas of either dry or moist gangrene are initially
characterized by a red line on the skin that marks the bor-
der of the affected tissues. As tissues begin to die, dry
gangrene may cause some pain in the early stages or
may go unnoticed, especially in the elderly or in those
individuals with diminished sensation to the affected
area. Initially, the area becomes cold, numb, and pale
before later changing in color to brown, then black. This
dead tissue will gradually separate from the healthy tis-
sue and fall off.

Moist gangrene and gas gangrene are distinctly dif-
ferent. Gas gangrene does not involve the skin as much,
but usually only the muscle. In moist or gas gangrene,
there is a sensation of heaviness in the affected region
that is followed by severe pain. The pain is caused by
swelling resulting from fluid or gas accumulation in the
tissues. This pain peaks, on average, between one to four
days following the injury, with a range of eight hours to
several weeks. The swollen skin may initially be blis-
tered, red, and warm to the touch before progressing to a
bronze, brown, or black color. In approximately 80% of
cases, the affected and surrounding tissues may produce
crackling sounds (crepitus), as a result of gas bubbles
accumulating under the skin. The gas may be felt beneath
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the skin (palpable). In wet gangrene, the pus is foul-
smelling, while in gas gangrene, there is no true pus, just
an almost “sweet” smelling watery discharge.

Fever, rapid heart rate, rapid breathing, altered men-
tal state, loss of appetite, diarrhea, vomiting, and vascu-
lar collapse may also occur if the bacterial toxins are
allowed to spread in the bloodstream. Gas gangrene can
be a life-threatening condition and should receive prompt
medical attention

Diagnosis

A diagnosis of gangrene will be based on a combi-
nation of the patient history, a physical examination,
and the results of blood and other laboratory tests. A
physician will look for a history of recent trauma,
surgery, cancer, or chronic disease. Blood tests will be
used to determine whether infection is present and deter-
mine the extent to which an infection has spread.

A sample of drainage from a wound, or obtained
through surgical exploration, may be cultured with oxygen
(aerobic) and without oxygen (anaerobic) to identify the
microorganism causing the infection and to aid in deter-
mining which antibiotic will be most effective. The sample
obtained from a person with gangrene will contain few, if
any, white blood cells and, when stained (with Gram stain)
and examined under the microscope, will show the pres-
ence of purple (Gram positive), rod-shaped bacteria.

X ray studies and more sophisticated imaging tech-
niques, such as computed tomography scans (CT) or
magnetic resonance imaging (MRI), may be helpful in
making a diagnosis since gas accumulation and muscle
death (myonecrosis) may be visible. These techniques,
however, are not sufficient alone to provide an accurate
diagnosis of gangrene.

Precise diagnosis of gas gangrene often requires sur-
gical exploration of the wound. During such a procedure,
the exposed muscle may appear pale, beefy-red, or in the
most advanced stages, black. If infected, the muscle will
fail to contract with stimulation, and the cut surface will
not bleed.

Treatment

Gas gangrene is a medical emergency because of the
threat of the infection rapidly spreading via the blood-
stream and infecting vital organs. It requires immediate
surgery and administration of antibiotics.

Areas of dry gangrene that remain free from infection
(aseptic) in the extremities are most often left to wither
and fall off. Treatments applied to the wound externally
(topically) are generally not effective without adequate
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blood supply to support wound healing. Assessment by a
vascular surgeon, along with x rays to determine blood
supply and circulation to the affected area, can help deter-
mine whether surgical intervention would be beneficial.

Once the causative organism has been identified,
moist gangrene requires the prompt initiation of intra-
venous, intramuscular, and/or topical broad-spectrum
antibiotic therapy. In addition, the infected tissue must be
removed surgically (debridement), and amputation of
the affected extremity may be necessary. Pain medica-
tions (analgesics) are prescribed to control discomfort.
Intravenous fluids and, occasionally, blood transfusions
are indicated to counteract shock and replenish red blood
cells and electrolytes. Adequate hydration and nutrition
are vital to wound healing.

Although still controversial, some cases of gangrene
are treated by administering oxygen under pressure
greater than that of the atmosphere (hyperbaric) to the
patient in a specially designed chamber. The theory
behind using hyperbaric oxygen is that more oxygen will
become dissolved in the patient’s bloodstream, and
therefore, more oxygen will be delivered to the gan-
grenous areas. By providing optimal oxygenation, the
body’s ability to fight off the bacterial infection are
believed to be improved, and there is a direct toxic effect
on the bacteria that thrive in an oxygen-free environment.
Some studies have shown that the use of hyperbaric oxy-
gen produces marked pain relief, reduces the number of
amputations required, and reduces the extent of surgical
debridement required. Patients receiving hyperbaric oxy-
gen treatments must be monitored closely for evidence of
oxygen toxicity. Symptoms of this toxicity include slow
heart rate, profuse sweating, ringing in the ears, short-
ness of breath, nausea and vomiting, twitching of the
lips/cheeks/eyelids/nose, and convulsions.

The emotional needs of the patient must also be met.
The individual with gangrene should be offered moral sup-
port, along with an opportunity to share questions and con-
cerns about changes in body image. In addition, particular-
ly in cases where amputation was required, physical, voca-
tional, and rehabilitation therapy will also be required.

Prognosis

Except in cases where the infection has been
allowed to spread through the blood stream, prognosis is
generally favorable. Anaerobic wound infection can
progress quickly from initial injury to gas gangrene with-
in one to two days, and the spread of the infection in the
blood stream is associated with a 20-25% mortality rate.
If recognized and treated early, however, approximately
80% of those with gas gangrene survive, and only
15-20% require any form of amputation. Unfortunately,
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Aerobic—Organism that grows and thrives only in
environments containing oxygen.

Anaerobic—Organism that grows and thrives in
an oxygen-free environment.

Arteriosclerosis—Build-up of fatty plaques within
the arteries that can lead to the obstruction of
blood flow.

Aseptic—Without contamination with bacteria or
other microorganisms.

Crepitus—A crackling sound.

Gram stain—A staining procedure used to visual-
ize and classify bacteria. The Gram stain procedure
allows the identification of purple (Gram positive)
organisms and red (Gram negative) organisms.

Hyperbaric oxygen—Medical treatment in which
oxygen is administered in specially designed
chambers, under pressures greater than that of the
atmosphere, in order to treat specific medical con-
ditions.

Incontinence—A condition characterized by the
inability to control urination or bowel functions.

Myonecrosis—The destruction or death of muscle
tissue.

Sepsis—The spreading of an infection in the
bloodstream.

Thrombosis—The formation of a blood clot in a
vein or artery that may obstruct local blood flow
or may dislodge, travel downstream, and obstruct
blood flow at a remote location.

the individual with dry gangrene most often has multiple
other health problems that complicate recovery, and it is
usually those other system failures that can prove fatal.

Prevention

Patients with diabetes or severe arteriosclerosis
should take particular care of their hands and feet
because of the risk of infection associated with even a
minor injury. Education about proper foot care is vital.
Diminished blood flow as a result of narrowed vessels
will not lessen the body’s defenses against invading bac-
teria. Measures taken towards the reestablishment of cir-
culation are recommended whenever possible. Any abra-
sion, break in the skin, or infection tissue should be cared
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Gas embolism

for immediately. Any dying or infected skin must be
removed promptly to prevent the spread of bacteria.

Penetrating abdominal wounds should be surgically
explored and drained, any tears in the intestinal walls
closed, and antibiotic treatment begun early. Patients
undergoing elective intestinal surgery should receive pre-
ventive antibiotic therapy. Use of antibiotics prior to and
directly following surgery has been shown to significant-
ly reduce the rate of infection from 20-30% to 4-8%.
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ries, 1997.
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Nursing Practice. J. B. Lippincott Co., 1991.

Bennett, J. Claude, and Fred Plum, eds. Cecil Textbook of Med-
icine. Philadelphia: W. B. Saunders Co., 1996.
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Basoglu, M., et al. “Fournier’s Gangrene: Review of Fifteen
Cases.” American Surgeon (Nov. 1997): 1019-1021.

Garcia-Olmo, D., et al. “Postoperative Gangrenous Peritonitis
After Laparoscopic Cholecystectomy: A New Complica-
tion for a New Technique.” Laparoscopic and Endoscopic
Surgery (June 1997): 179-180.

Howse, Elizabeth A. “Meleney’s Synergistic Gangrene: A Case
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I Gas embolism
Definition

Gas embolism, also called air embolism, is the pres-
ence of gas bubbles in the bloodstream that obstruct cir-
culation.

Description

Gas embolism may occur with decompression from
increased pressure; it typically occurs in ascending divers
who have been breathing compressed air. If a diver does
not fully exhale upon ascent, the air in the lungs expands
as the pressure decreases, overinflating the lungs and
forcing bubbles of gas (emboli) into the bloodstream.
When gas emboli reach the arteries to the brain, the blood
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blockage causes unconsciousness. Gas embolism is sec-
ond only to drowning as a cause of death among divers.

Gas embolism may also result from trauma or med-
ical procedures such as catheterization and open heart
surgery that allow air into the circulatory system.

Causes and symptoms

Gas embolism occurs independent of diving depth; it
may occur in as little as 6 ft of water. It is frequently
caused by a diver holding his breath during ascent. It
may also result from an airway obstruction or other con-
dition that prevents a diver from fully exhaling.

The primary sign of gas embolism is immediate loss
of consciousness; it may or may not be accompanied by
convulsions.

Diagnosis

Any unconscious diver should be assumed to be the
victim of gas embolism, regardless of whether con-
sciousness was lost during or promptly after ascent. A
doctor may also find pockets of air in the chest around
the lungs and sometimes a collapsed lung from overinfla-
tion and rupture. Coughing up blood or a bloody froth
around the mouth are visible signs of lung injury.

Treatment

Prompt recompression treatment in a hyperbaric
(high-pressure) chamber is necessary to deflate the gas bub-
bles in the bloodstream, dissolve the gases into the blood,
and restore adequate oxygenated blood flow to the brain and
other organs. Recompression by returning the diver to deep-
er water will not work, and should not be attempted. The
patient should be kept lying down and given oxygen while
being transported for recompression treatment.

Before the diver receives recompression treatment,
other lifesaving efforts may be necessary. If the diver
isn’t breathing, artificial respiration (also called mouth-
to-mouth resuscitation or rescue breathing) should be
administered. In the absence of a pulse, cardiopul-
monary resuscitation (CPR) must be performed.

Prognosis

The prognosis is dependent upon the promptness of
recompression treatment and the extent of the damage
caused by oxygen deprivation.

Prevention

All divers should receive adequate training in the use
of compressed air and a complete evaluation of fitness
for diving. People with a medical history of lung cysts or
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Compressed air—Air that is held under pressure in
a tank to be breathed underwater by divers. A tank
of compressed air is part of a diver’s scuba (self-
contained underwater breathing apparatus) gear.

Compression—An increase in pressure from the
surrounding water that occurs with increasing div-
ing depth.

Decompression—A decrease in pressure from the
surrounding water that occurs with decreasing
diving depth.

Emboli—Plural of embolus. An embolus is some-
thing that blocks the blood flow in a blood vessel.
It may be a gas bubble, a blood clot, a fat globule,
a mass of bacteria, or other foreign body. It usually
forms somewhere else and travels through the cir-
culatory system until it gets stuck.

Hyperbaric chamber—A sealed compartment in
which patients are exposed to controlled pressures
up to three times normal atmospheric pressure.
Hyperbaric treatment may be used to regulate
blood gases, reduce gas emboli, and provide high-
er levels of oxygen more quickly in cases of severe
gas poisoning.

Recompression—Restoring the elevated pressure
of the diving environment to treat gas embolism
by decreasing bubble size.

spontaneous collapsed lung (pneumothorax), and those
with active asthma or other lung disease must not dive,
for they would be at extreme risk for gas embolism.
Patients with conditions such as alcoholism and drug
abuse are also discouraged from diving. Individuals with
certain other medical conditions such as diabetes may be
able to dive safely with careful training and supervision.

Resources

BOOKS

Martin, Lawrence. Scuba Diving Explained: Questions and
Answers on Physiology and Medical Aspects of Scuba
Diving. Flagstaff, AZ: Best Publishing, 1997.

ORGANIZATIONS

American College of Hyperbaric Medicine. PO Box 25914-
130, Houston, Texas 77265. (713) 528-0657. <http://
www.hyperbaricmedicine.org>.

Divers Alert Network. The Peter B. Bennett Center, 6 West
Colony Place, Durham, NC 27705. (800) 446-2671.
<http://www.diversalertnetwork.org>.
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Undersea and Hyperbaric Medical Society. 10531 Metropolitan
Ave., Kensington, MD 20895. (301) 942-2980. <http://
www.uhms.org>.

Bethany Thivierge

Gas gangrene see Gangrene

I Gastrectomy
Definition

Gastrectomy is the surgical removal of all or part of
the stomach.

Purpose

Gastrectomy is performed for several reasons, most
commonly to remove a malignant tumor or to cure a per-
forated or bleeding stomach ulcer.

Description
Gastrectomy for cancer

Removal of the tumor, often with removal of sur-
rounding lymph nodes, is the only curative treatment for
various forms of gastric (stomach) cancer. For many
patients, this entails removing not just the tumor but part
of the stomach as well. The extent to which lymph nodes
should also be removed is a subject of some debate, but
some studies show additional survival benefit associated
with removal of a greater number of lymph nodes.

Gastrectomy, either total or subtotal (also called par-
tial), is the treatment of choice for gastric adenocarcino-
mas, primary gastric lymphomas (originating in the
stomach), and the rare leiomyosarcomas (also called gas-
tric sarcomas). Adenocarcinomas are by far the most
common form of stomach cancer and are less curable
than the relatively uncommon lymphomas, for which
gastrectomy offers good odds for survival.

After gastrectomy, the surgeon may “reconstruct”
the altered portions of the digestive tract so that it contin-
ues to function. Several different surgical techniques are
used, but, generally speaking, the surgeon attaches any
remaining portion of the stomach to the small intestine.

Gastrectomy for gastric cancer is almost always
done by the traditional “open” surgery technique, which
requires a wide incision to open the abdomen. However,
some surgeons use a laparoscopic technique that requires
only a small incision. The laparoscope is connected to a
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Gastrectomy

Total gastrectomy

Partial gastrectomy

Partial gastrectomy

Gastrectomy, the surgical removal of all or part of the stomach, is performed primarily to remove a malignant tumor or to
cure a bleeding stomach ulcer. Following the gastrectomy, the surgeon may reconstruct the altered portions of the digestive
tract so that it continues to function. (/llustration by Electronic Illustrators Group.)

tiny video camera that projects a picture of the abdomi-
nal contents onto a monitor for the surgeon’s viewing.
The stomach is operated on through this incision.

The potential benefits of laparoscopic surgery
include less postoperative pain, decreased hospitaliza-
tion, and earlier return to normal activities. The use of
laparoscopic gastrectomy is limited, however. Only
patients with early stage gastric cancers or those whose
surgery is only intended for palliation—pain and symp-
tomatic relief rather than cure—should be considered for
this minimally invasive technique. It can only be per-
formed by surgeons experienced in this type of surgery.

Gastrectomy for ulcers

Gastrectomy is also occasionally used in the treat-
ment of severe peptic ulcer disease or its complications.
While the vast majority of peptic ulcers (gastric ulcers in
the stomach or duodenal ulcers in the duodenum) are
managed with medication, partial gastrectomy is some-
times required for peptic ulcer patients who have compli-
cations. These include patients who do not respond satis-
factorily to medical therapy, those who develop a bleed-
ing or perforated ulcer, and those who develop pyloric
obstruction, a blockage to the exit from the stomach.

The surgical procedure for severe ulcer disease is
also called an antrectomy, a limited form of gastrectomy
in which the antrum, a portion of the stomach, is
removed. For duodenal ulcers, antrectomy may be com-
bined with other surgical procedures that are aimed at
reducing the secretion of gastric acid, which is associated
with ulcer formation. This additional surgery is common-
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ly a vagotomy, surgery on the vagus nerve that disables
the acid-producing portion of the stomach.

Preparation

Before undergoing gastrectomy, patients may need a
variety of tests, such as x rays, computed tomography
scans (CT scans), ultrasonography, or endoscopic biopsies
(microscopic examination of tissue), to assure the diagno-
sis and localize the tumor or ulcer. Laparoscopy may be
done to diagnose a malignancy or to determine the extent
of a tumor that is already diagnosed. When a tumor is
strongly suspected, laparoscopy is often performed imme-
diately before the surgery to remove the tumor; this avoids
the need to anesthetize the patient twice and sometimes
avoids the need for surgery altogether if the tumor found
on laparoscopy is deemed inoperable.

Aftercare

It is important to follow any instructions that have
been given for postoperative care. Major surgery usually
requires a recuperation time of several weeks.

Risks

Surgery for peptic ulcer is effective, but it may result
in a variety of postoperative complications. After gas-
trectomy, as many as 30% of patients have significant
symptoms. An operation called highly selective vagoto-
my is now preferred for ulcer management, and is safer
than gastrectomy.
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After a gastrectomy, several abnormalities may
develop that produce symptoms related to food intake.
This happens largely because the stomach, which serves
as a food reservoir, has been reduced in its capacity by
the surgery. Other surgical procedures that often accom-
pany gastrectomy for ulcer disease can also contribute to
later symptoms: vagotomy, which lessens acid produc-
tion and slows stomach emptying, and pyloroplasty,
which enlarges the opening between the stomach and
small intestine to facilitate emptying of the stomach.

Some patients experience light-headedness, heart
palpitations or racing heart, sweating, and nausea and
vomiting after a meal. These may be symptoms of
“dumping syndrome,” as food is rapidly “dumped” into
the small intestine from the stomach. This is treated by
adjusting the diet and pattern of eating, for example, eat-
ing smaller, more frequent meals, and limiting liquids.

Patients who have abdominal bloating and pain after
eating, frequently followed by nausea and vomiting, may
have what is called the afferent loop syndrome. This is
treated by surgical correction. Patients who have early
satiety (feeling of fullness after eating), abdominal dis-
comfort, and vomiting may have bile reflux gastritis
(also called bilious vomiting), which is also surgically
correctable. Many patients also experience weight loss.

Reactive hypoglycemia is a condition that results
when blood sugar becomes too high after a meal, stimu-
lating the release of insulin, about two hours after eating.
A high-protein diet and smaller meals are advised.

Ulcers recur in a small percentage of patients after
surgery for peptic ulcer, usually in the first few years.
Further surgery is usually necessary.

Vitamin and mineral supplementation is necessary
after gastrectomy to correct certain deficiencies, espe-
cially vitamin B,,, iron, and folate. Vitamin D and calci-
um are also needed to prevent and treat the bone prob-
lems that often occur. These include softening and bend-
ing of the bones, which can produce pain, and osteo-
porosis, a loss of bone mass. According to one study, the
risk for spinal fractures may be as high as 50% after
gastrectomy.

Depending on the extent of surgery, the risk for post-
operative death after gastrectomy for gastric cancer has
been reported as 1-3% and the risk of non-fatal compli-
cations as 9-18%.

Normal results

Overall survival after gastrectomy for gastric cancer
varies greatly by the stage of disease at the time of
surgery. For early gastric cancer, the five-year survival
rate is up to 80-90%; for late-stage disease, the progno-
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KEY TERMS

Antrectomy—A surgical procedure for ulcer dis-
ease in which the antrum, a portion of the stom-
ach, is removed.

Laparoscopy—The examination of the inside of
the abdomen through a lighted tube, sometimes
accompanied by surgery.

sis is bad. For gastric adenocarcinomas that are amenable
to gastrectomy, the five-year survival rate is 10-30%,
depending on the location of the tumor. The prognosis
for patients with gastric lymphoma is better, with five-
year survival rates reported at 40-60%.

Most studies have shown that patients can have an
acceptable quality of life after gastrectomy for a poten-
tially curable gastric cancer. Many patients will maintain
a healthy appetite and eat a normal diet. Others may lose
weight and not enjoy meals as much. Some studies show
that patients who have total gastrectomies have more dis-
ease-related or treatment-related symptoms after surgery
and poorer physical function than patients who have
subtotal gastrectomies. There does not appear to be much
difference, however, in emotional status or social activity
level between patients who have undergone total versus
subtotal gastrectomies.

Resources

BOOKS

“Disorders of the Stomach and Duodenum.” In The Merck Man-
ual. Whitehouse Station, NJ: Merck & Co., Inc., 1992.

“Stomach and Duodenum: Complications of Surgery for Peptic
Ulcer Disease.” In Steisenger & Fordtran’s Gastrointesti-
nal and Liver Disease, ed. Mark Feldman, et al. Philadel-
phia: W. B. Saunders Co., 1998.

OTHER
Mayo Clinic Online. 5 Mar. 1998 <http://www.mayohealth.org>.

Caroline A. Helwick

I Gastric acid determination
Definition

Gastric acid determination, also known as stomach
acid determination, gastric analysis, or basal gastric secre-
tion, is a procedure to evaluate gastric (stomach) function.
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Gastric acid determination

The test specifically determines the presence of gastric
acid, as well as the amount of gastric acid secreted. It is
often done in conjunction with the gastric acid stimulation
test, a procedure that measures gastric acid output after
injection of a drug to stimulate gastric acid secretion.

Purpose

The purpose of the gastric acid determination is to
evaluate gastric function by measuring the amount of
acid as suctioned directly from the stomach. The com-
plete gastric acid determination includes the basal gastric
secretion test, which measures acid secretion while the
patient is in a fasting state (nothing to eat or drink), fol-
lowed by the gastric acid stimulation test, which mea-
sures the secretion of gastric acid for one hour after
injection of pentagastrin or a similar drug that stimulates
gastric acid output. The Gastric acid stimulation test is
done when the basal secretion test suggests abnormalities
in gastric secretion. It is normally performed immediate-
ly afterward.

The basal gastric secretion test is indicated for
patients with obscure gastric pain, loss of appetite, and
weight loss. It is also utilized for suspected peptic (related
to the stomach) ulcer, severe stomach inflammation (gas-
tritis), and Zollinger-Ellison (Z-E) syndrome (a condition
in which a pancreatic tumor, called a gastrinoma, stimu-
lates the stomach to secrete excessive amounts of acid,
resulting in peptic ulcers). Because external factors like
the sight or odor of food, as well as psychological stress,
can stimulate gastric secretion, accurate testing requires
that the patient be relaxed and isolated from all sources of
sensory stimulation. Abnormal basal secretion can sug-
gest various gastric and duodenal disorders, so further
evaluation requires the gastric acid stimulation test.

The gastric acid stimulation test is indicated when
abnormalities are found during the basal secretion test.
These abnormalities can be caused by a number of dis-
orders, including duodenal ulcer, pernicious anemia,
and gastric cancer. The test will detect abnormalities,
but x rays and other studies are necessary for a defini-
tive diagnosis.

Precautions

Because both the basal gastric secretion test and the
gastric acid stimulation test require insertion of a gastric
tube (intubation) through the mouth or nasal passage, nei-
ther test is recommended for patients with esophageal prob-
lems, aortic aneurysm, severe gastric hemorrhage, or con-
gestive heart failure. The gastric acid stimulation test is
also not recommended in patients who are sensitive to pen-
tagastrin (the drug used to stimulate gastric acid output).
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Description

This test, whether performed for basal gastric acid
secretion, gastric acid stimulation, or both, requires the
passage of a lubricated rubber tube, either by mouth or
through the nasal passage, while the patient is in a sitting
or reclining position on the left side. The tube is situated
in the stomach, with proper positioning confirmed by
fluoroscopy or x ray.

Basal gastric acid secretion

After a wait of approximately 10—15 minutes for the
patient to adjust to the presence of the tube, and with the
patient in a sitting position, specimens are obtained every
15 minutes for a period of 90 minutes. The first two speci-
mens are discarded to eliminate gastric contents that
might be affected by the stress of the intubation process.
The patient is allowed no liquids during the test, and sali-
va must be ejected to avoid diluting the stomach contents.

The four specimens collected during the test consti-
tute the basal acid output. If analysis suggests abnormal-
ly low gastric secretion, the gastric acid stimulation test
is performed immediately afterward.

Gastric acid stimulation test

After the basal samples have been collected, the tube
remains in place for the gastric acid stimulation test. Pen-
tagastrin, or a similar drug that stimulates gastric acid
output, is injected under the skin (subcutaneously). After
15 minutes, a specimen is collected every 15 minutes for
one hour. These specimens are called the poststimulation
specimens. As is the case with the basal gastric secretion
test, the patient can have no liquids during this test, and
must eject saliva to avoid diluting the stomach contents.

Preparation

The patient should be fasting (nothing to eat or drink
after the evening meal) on the day prior to the test, but
may have water up to one hour before the test. Antacids,
anticholinergics, cholinergics, alcohol, H,-receptor
antagonists (Tagamet, Pepcid, Axid, Zantac), reserpine,
adrenergic blockers, and adrenocorticosteroids should be
withheld for one to three days before the test, as the
physician requests. If pentagastrin is to be administered
for the gastric acid secretion test, medical supervision
should be maintained, as possible side effects may occur.

Aftercare

Complications such as nausea, vomiting, and
abdominal distention or pain are possible following
removal of the gastric tube. If the patient has a sore
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KEY TERMS

Achlorhydria—An abnormal condition in which
hydrochloric acid is absent from the secretions of
the gastric glands in the stomach.

Pernicious anemia—One of the main types of ane-
mia, caused by inadequate absorption of vitamin
B,,. Symptoms include tingling in the hands, legs,
and feet, spastic movements, weight loss, confusion,
depression, and decreased intellectual function.

Zollinger-Ellison syndrome—A rare condition
characterized by severe and recurrent peptic
ulcers in the stomach, duodenum, and upper
small intestine, caused by a tumor, or tumors, usu-
ally found in the pancreas. The tumor secretes the
hormone gastrin, which stimulates the stomach
and duodenum to produce large quantities of
acid, leading to ulceration. Most often cancerous,
the tumor must be removed surgically; otherwise
total surgical removal of the stomach is necessary.

throat, soothing lozenges may be given. The patient may
also resume the usual diet and any medications that were
withheld for the test(s).

Risks

There is a slight risk that the gastric tube may be
inserted improperly, entering the windpipe (trachea) and
not the esophagus. If this happens, the patient may have a
difficult time breathing or may experience a coughing
spell until the tube is removed and reinserted properly.
Also, because the tube can be difficult to swallow, if a
patient has an overactive gag reflex, there may be a tran-
sient rise in blood pressure due to anxiety.

Normal results

Reference values for the basal gastric secretion test
vary by laboratory, but are usually within the following
ranges:

e men: 1-5 mEqg/h
» women: 0.2-3.8 mEq/h

Reference values for the gastric acid stimulation test
vary by laboratory, but are usually within the following
ranges:

* men: 18-28 mEq/h
e women: 11-21 mEg/h
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Abnormal results

Abnormal findings in the basal gastric secretion test
are considered nonspecific and must be evaluated in con-
junction with the results of a gastric acid stimulation test.
Elevated secretion may suggest different types of ulcers;
when markedly elevated, Zollinger-Ellison syndrome is
suspected. Depressed secretion can indicate gastric can-
cer, while complete absence of secretion (achlorhydria)
may suggest pernicious anemia.

Elevated gastric secretion levels in the gastric acid
stimulation test may be indicative of duodenal ulcer;
high levels of secretion again suggest Zollinger-Ellison
syndrome.

Resources

BOOKS

Cahill, Mathew. Handbook of Diagnostic Tests. Springhouse,
PA: Springhouse Corporation, 1995.

Jacobs, David S., et al. Laboratory Test Handbook. 4th ed. New
York: Lexi-Comp Inc., 1996.

Pagana, Kathleen Deska. Mosby’s Manual of Diagnostic and
Laboratory Tests. St. Louis: Mosby, Inc., 1998.

Janis O. Flores

Gastric carcinoma see Stomach cancer

I Gastric emptying scan
Definition

A gastric emptying scan (GES) is an x-ray exam
using special radioactive material that allows physicians to
identify abnormalities related to emptying of the stomach.
Diseases that involve changes in the way the stomach con-
tracts (motility disorders) are best diagnosed by this test.

Purpose

The study is used most frequently to evaluate
patients who have symptoms suggestive of decreased,
delayed, or rapid gastric emptying, and no visible abnor-
mality to explain their symptoms.

Symptoms pointing to a delay in gastric emptying
are non-specific, and may be due to a number of causes,
such as ulcers, diabetes, tumors, and others. These symp-
toms include nausea, upper abdominal bloating, and at
times vomiting. Another significant symptom is called
“early satiety,” which means feeling full after eating only
a small amount of food. In some patients, weight loss is
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Gastric emptying scan

KEY TERMS

Endoscopy—The examination of the inside of an
organ with an instrument that has a light at the
end of it and an optical system for examination of
the organ.

Motility—Motility is spontaneous movement. One
example is the automatic stomach contractions
that move the food content along from the stomach
into the intestines. A motility disease is one that
involves changes in the way the stomach contracts.

also present. In addition to symptoms, the finding of a
large amount of material in the stomach after an
overnight fast suggests abnormal emptying, but does not
distinguish between an actual blockage or an irregularity
in gastric contractions. It is therefore essential to find out
what is causing material to remain in the stomach.

Since many diseases can produce the above symptoms,
structural lesions (such as tumors or regions of narrowing or
scar tissue) need to be ruled out first. This is usually done by
upper gastrointestinal series test or by endoscopy (examina-
tion of the inside of an organ, in this instance the stomach,
with an instrument that has a light at the end of it and an
optical system for examination of the organ). Once it is clear
that a mechanical or physical lesion is not the cause of
symptoms, attempts to document an abnormality in the ner-
vous or muscular function of the stomach is then begun.
GES is usually the first step in that evaluation.

Precautions

The exam should not be performed on pregnant
women, but is otherwise quite safe. Since eggs are usual-
ly used to hold the radioactive material, patients should
notify their physician if they are allergic to eggs. Howev-
er, other materials can be used in place of an egg.

Description

Gastric emptying scans have undergone several
changes since the initial studies in the late 1970s. During
the study, patients are asked to ingest an egg sandwich
containing a radioactive substance (for example, tech-
netium) that can be followed by a special camera. The
emptying of the material from the stomach is then fol-
lowed and displayed both in the form of an image, as
well as the percentage emptied over several hours (gener-
ally two and four hours). Studies are in progress using
substances that are not radioactive, but this procedure is
not available to the patient as of yet.
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Preparation

The only preparation involved is for the patient to
fast overnight before the test.

Risks

The radiation exposure during the study is quite
small and safe, unless the patient is pregnant.

Normal results

There are several different measurements considered
normal, depending on the radioactive material and solid
meal used. The value is expressed as a percentage of
emptying over a period of time. For a technetium-filled
egg sandwich, normal emptying is 78 minutes for half
the material to leave the stomach, with a variation of 11
minutes either way.

Abnormal results

GES scan studies that show emptying of the stomach
in a longer than accepted period is abnormal. Severity of
test results and symptoms do not always match; there-
fore, the physician must carefully interpret these find-
ings. Diabetic injury to the nerves that supply the stom-
ach (called diabetic gastroparesis) is one of the most
common causes of abnormal gastric motility. However,
up to 30% of patients have no obvious cause to explain
the abnormal results and symptoms. These cases are
called idiopathic (of unknown cause). GES is often used
to follow the effect of medications used for treatment of
motility disorders.

Resources

BOOKS

Camilleri, Michael, and Charlene M. Prather. “Gastric Motor
Physiology and Motor Disorders.” In Sleisenger & Ford-
tran’s Gastrointestinal and Liver Disease, ed. Mark Feld-
man, et al. Philadelphia: W. B. Saunders Co., 1997.

Maurer, Alan H., Leon S. Malumd, and Robert S. Fisher.
“Radionuclide Scintigraphy of the Gastrointestinal Tract.”
In Bockus Gastroenterology, ed. William S. Haubrich, et
al. Philadelphia: W. B. Saunders Co., 1995.

PERIODICALS

Quigley, Eamonn. “Gastric and Small Intestinal Motility in
Health and Disease.” Gastroenterology Clinics of North
America (Mar. 1996): 113-145.

ORGANIZATIONS

American Pseudo-obstruction and Hirschprung’s Disease Soci-
ety. 158 Pleasant St., North Andover, MA 01845-2797.
<http://www.tiac.net/users/aphs>.

David Kaminstein, MD
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Gastric lavage see Stomach flushing
Gastric stapling see Obesity surgery
Gastric ulcers see Ulcers (digestive)

I Gastrinoma
Definition

Gastrinomas are tumors associated with a rare gas-
troenterological disorder known as Zollinger-Ellison
syndrome (ZES). They occur primarily in the pancreas
and duodenum (beginning of the small intestine) and
secrete large quantities of the hormone gastrin, triggering
gastric acid production that produces ulcers. They may
be malignant (cancerous) or benign.

Description

Gastrinomas are an integral part of the Zollinger-
Ellison syndrome (ZES). In fact, ZES is also known as
gastrinoma. This syndrome consists of ulcer disease in
the upper gastrointestinal tract, marked increases in the
secretion of gastric acid in the stomach, and tumors of
the islet cells in the pancreas. The tumors produce large
amounts of gastrin that are responsible for the character-
istics of Zollinger-Ellison syndrome, namely severe ulcer
disease. Although usually located within the pancreas,
they may occur in other organs.

Gastrinomas may occur randomly and sporadically,
or they may be inherited as part of a genetic condition
called multiple endocrine neoplasia type 1 (MEN-1) syn-
drome. About half of persons with MEN-1 have gastrino-
mas, which tend to be more numerous and smaller than
tumors in sporadic cases.

About half of ZES patients have multiple gastrino-
mas, which can vary in size from 1-20 mm. Gastrinomas
found in the pancreas are usually much larger than duo-
denal gastrinomas. About two thirds of gastrinomas are
malignant (cancerous). These usually grow slowly, but
some may invade surrounding sites rapidly and metasta-
size (spread) widely. Sometimes, gastrinomas are found
only in the lymph nodes, and it is uncertain whether
these malignancies have originated in the lymph nodes or
have metastasized from a tumor not visible in the pan-
creas or duodenum.

There is some evidence that the more malignant form
of gastrinomas is more frequent in larger pancreatic
tumors, especially in females and in persons with a shorter
disease symptom duration and higher serum gastrin levels.
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Causes and symptoms

Most persons with gastrinomas secrete profound
amounts of gastric acid, and almost all develop ulcers,
mostly in the duodenum or stomach. Early in the course
of the disease, symptoms are typical of peptic ulcers,
however once the disease is established, the ulcers
become more persistent and symptomatic, and may
respond poorly to standard anti-ulcer therapy. Abdominal
pain is the predominant symptom of ulcer disease. About
40% of patients have diarrhea as well. In some patients,
diarrhea is the primary symptom of gastrinoma.

Diagnosis

Persons with gastrinomas have many of the same
symptoms as persons with ulcers. Their levels of gastric
acid, however, are usually far greater than those in com-
mon ulcer disease. Gastrinomas are usually diagnosed by
a blood test that measures the level of gastrin in the
blood. Patients with gastrinomas often have gastrin levels
more than 200 pg/mL, which is 4-10 times higher than
normal. Serum gastrin levels as high as 450,000 pg/mL
have occurred.

When the serum gastrin test does not show these
extremely high levels of gastrin, patients may be given
certain foods or injections in an attempt to provoke a
response that will help diagnose the condition. The
most useful of these provocative tests is the secretin
injection test (or secretin stimulation or provocative
test), which will almost always produce a positive
response in persons with gastrinomas but seldom in
persons without them.

Surgically, gastrinomas are often difficult to locate,
even with careful inspection. They may be missed in at
least 10-20% of patients with ZES. Gastrinomas are
sometimes found only because they have metastasized
and produced symptoms related to the spread of malig-
nancy. Such metastasis may be the most reliable indica-
tion of whether the gastrinoma is malignant or benign.

Diagnostic imaging techniques help locate the gas-
trinomas. The most sophisticated is an x-ray test called
radionuclide octreotide scanning (also known as somato-
statin receptor scintigraphy or 111In pentetreotide
SPECT). A study by the National Institutes of Health
(NIH) found this test to be superior to other imaging
methods, such as computed tomography scan (CT) or
magnetic resonance imaging (MRI), in pinpointing the
location of tumors and guiding physicians in treatment.

Approximately half of all gastrinomas do not show
up on imaging studies. Therefore, exploratory surgery is
often recommended to try to locate and remove the
tumors.
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Gastrinoma

KEY TERMS

Gastrin—A hormone secreted in the stomach that
is involved in the production of gastric acid. Over-
production of gastric acid contributes to peptic
ulcer formation.

Multiple endocrine neoplasia type 1 (MEN-1)—
An inherited condition marked by multiple malig-
nancies of the pituitary gland, parathyroid gland,
and islet cells of the pancreas. About half of MEN-
1 patients with pancreatic islet cell tumors will
have gastrinomas, gastrin-producing tumors that
lead to ulcer disease.

Peptic ulcer—An eroded area in the stomach lin-
ing or in the first part of the duodenum (beginning
of the small intestine).

Serum gastrin test—A laboratory test that is per-
formed on a blood sample to determine that level of
the hormone gastrin. High levels of gastrin indicate
the presence a duodenal ulcer or a gastrinoma.

Sporadic—Occurring at random or by chance,
and not as a result of a genetically determined, or
inherited, trait.

Treatment

Therapy for gastrinomas should be individualized,
since patients tend to have varying degrees of disease and
symptoms. Treatment is aimed at eliminating the over-
production of gastric acid and removing the gastrin-pro-
ducing tumors.

Drugs

Gastrinomas may not be easily treated by the standard
anti-ulcer approaches. The medical treatment of choice is
with drugs called proton pump inhibitors, such as omepra-
zole or lansoprazole, daily. These drugs are potent
inhibitors of gastric acid. High doses of H-2 receptor antag-
onists may also reduce gastric acid secretion, improve
symptoms, and induce ulcer healing. These drugs must be
continued indefinitely, since even a brief discontinuation
will cause ulcer recurrence. Antacids may provide some
relief, but it is usually not longlasting or healing.

Surgery

Because of the likelihood that gastrinomas may be
malignant, in both sporadic tumors and those associated
with the inherited MEN-1 syndrome, surgery to locate
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and remove gastrinomas is frequently advised. It is now
known that complete surgical removal of gastrinomas
can cure the overproduction of gastrin, even in patients
who have metastases to the lymph nodes. Surgery in
patients with MEN-1 and ZES, however, remains contro-
versial since the benefit is less clear.

Freedom from disease after surgery is judged by
improved symptoms, reduced gastric acid production,
reduced need for drug therapy, normalization of serum
gastrin levels, and normalization of results from the
secretin stimulation test and imaging studies.

Prognosis

Medical therapy often controls symptoms, and
surgery may or may not cure gastrinoma. About 50% of
ZES patients in whom gastrinomas are not removed will
die from malignant spread of the tumor. In patients with
gastrinomas as part of MEN-1 syndrome, the cure rate is
extremely low.

A NIH study of patients who had surgical removal
of gastrinomas found that 42% were disease-free one
year after surgery and 35% were disease-free at five
years. Disease recurrences can often be detected with a
serum gastrin test or secretin stimulation test.

When gastrinomas are malignant, they often grow
slowly. The principal sites of metastasis are the regional
lymph nodes and liver, but they may also spread to other
structures. About one quarter of patients with gastrino-
mas have liver metastases at the time of diagnosis. This
appears to be more frequent with pancreatic gastrinomas
than duodenal gastrinomas.

Metastases of malignant gastrinomas to the liver is
very serious. Survival five years after diagnosis is
20-30%, however patients with gastrinomas found only
in the lymph nodes have been known to live as long as
25 years after diagnosis, without evidence of further
tumor spread. In fact, the life expectancy of patients
with gastrinomas that have spread to the lymph nodes is
no different from that of patients with gastrinomas that
cannot even be found at surgery for about 90%, five
years after diagnosis.

Resources

BOOKS
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nal Medicine, ed. Anthony S. Fauci, et al. New York:
McGraw-Hill, 1997.
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I Gastritis
Definition

Gastritis commonly refers to inflammation of the
lining of the stomach, but the term is often used to cover
a variety of symptoms resulting from stomach lining
inflammation and symptoms of burning or discomfort.
True gastritis comes in several forms and is diagnosed
using a combination of tests. In the 1990s, scientists dis-
covered that the main cause of true gastritis is infection
from a bacterium called Helicobacter pylori (H. pylori).

Description

Gastritis should not be confused with common
symptoms of upper abdominal discomfort. It has been
associated with resulting ulcers, particularly peptic
ulcers. And in some cases, chronic gastritis can lead to
more serious complications.

Nonerosive H. pylori gastritis

The main cause of true gastritis is H. pylori infec-
tion. H. pylori is indicated in an average of 90% of
patients with chronic gastritis. This form of nonerosive
gastritis is the result of infection with Helicobacter
pylori bacterium, a microorganism whose outer layer is
resistant to the normal effects of stomach acid in break-
ing down bacteria.

The resistance of H. pylori means that the bacterium
may rest in the stomach for long periods of times, even
years, and eventually cause symptoms of gastritis or
ulcers when other factors are introduced, such as the
presence of specific genes or ingestion of nonsteroidal
anti-inflammatory drugs (NSAIDS). Study of the role
of H. pylori in development of gastritis and peptic ulcers
has disproved the former belief that stress lead to most
stomach and duodenal ulcers and has resulted in
improved treatment and reduction of stomach ulcers. H.
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pylori is most likely transmitted between humans,
although the specific routes of transmission were still
under study in early 1998. Studies were also underway to
determine the role of H. pylori and resulting chronic gas-
tritis in development of gastric cancer.

Erosive and hemorrhagic gastritis

After H. pylori, the second most common cause of
chronic gastritis is use of nonsteroidal anti-inflammatory
drugs. These commonly used pain killers, including
aspirin, fenoprofen, ibuprofen and naproxen, among
others, can lead to gastritis and peptic ulcers. Other
forms of erosive gastritis are those due to alcohol and
corrosive agents or due to trauma such as ingestion of
foreign bodies.

Other forms of gastritis

Clinicians differ on the classification of the less
common and specific forms of gastritis, particularly
since there is so much overlap with H. pylori in develop-
ment of chronic gastritis and complications of gastritis.
Other types of gastritis that may be diagnosed include:

* Acute stress gastritis—the most serious form of gastri-
tis which usually occurs in critically ill patients, such as
those in intensive care. Stress erosions may develop
suddenly as a result of severe trauma or stress to the
stomach lining.

« Atrophic gastritis is the result of chronic gastritis which
is leading to atrophy, or decrease in size and wasting
away, of the gastric lining. Gastric atrophy is the final
stage of chronic gastritis and may be a precursor to gas-
tric cancer.

« Superficial gastritis is a term often used to describe the
initial stages of chronic gastritis.

» Uncommon specific forms of gastritis include granulo-
matous, eosiniphilic and lymphocytic gastritis.

Causes and symptoms
Nonerosive H. pylori gastritis

H. pylori gastritis is caused by infection from the H.
pylori bacterium. It is believed that most infection occurs
in childhood. The route of its transmission was still under
study in 1998 and clinicians guessed that there may be
more than one route for the bacterium. Its prevalence and
distribution differs in nations around the world. The pres-
ence of H. pylori has been detected in 86-99% of
patients with chronic superficial gastritis. However,
physicians are still learning about the link of H. pylori to
chronic gastritis and peptic ulcers, since many patients
with H. pylori infection do not develop symptoms or
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Gastritis

peptic ulcers. H. pylori is also seen in 90-100% of
patients with duodenal ulcers.

Symptoms of H. pylori gastritis include abdominal
pain and reduced acid secretion in the stomach. However,
the majority of patients with H. pylori infection suffer no
symptoms, even though the infection may lead to ulcers
and resulting symptoms. Ulcer symptoms include dull,
gnawing pain, often two to three hours after meals and
pain in the middle of the night when the stomach is empty.

Erosive and hemorrhagic gastritis

The most common cause of this form of gastritis is
use of NSAIDS. Other causes may be alcoholism or
stress from surgery or critical illness. The role of
NSAIDS in development of gastritis and peptic ulcers
depends on the dose level. Although even low doses of
aspirin or other nonsteroidal anti-inflammatory drugs
may cause some gastric upset, low doses generally will
not lead to gastritis. However, as many as 10-30% of
patients on higher and more frequent doses of NSAIDS,
such as those with chronic arthritis, may develop gastric
ulcers. In 1998, studies were underway to understand the
role of H. pylori in gastritis and ulcers among patients
using NSAIDS.

Patients with erosive gastritis may also show no
symptoms. When symptoms do occur, they may include
anorexia nervosa, gastric pain, nausea and vomiting.

Other Forms of Gastritis

Less common forms of gastritis may result from a
number of generalized diseases or from complications of
chronic gastritis. Any number of mechanisms may cause
various less common forms of gastritis and they may dif-
fer slightly in their symptoms and clinical signs. Howev-
er, they all have in common inflammation of the gastric
mucosa.

Diagnosis
Nonerosive H. pylori gastritis

H. pylori gastritis is easily diagnosed through the
use of the urea breath test. This test detects active pres-
ence of H. pylori infection. Other serological tests, which
may be readily available in a physician’s office, may be
used to detect H. pylori infection. Newly developed ver-
sions offer rapid diagnosis. The choice of test will
depend on cost, availability and the physician’s experi-
ence, since nearly all of the available tests have an accu-
racy rate of 90% or better. Endoscopy, or the examination
of the stomach area using a hollow tube inserted through
the mouth, may be ordered to confirm diagnosis. A biop-
sy of the gastric lining may also be ordered.
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Erosive or hemorrhagic gastritis

Clinical history of the patient may be particularly
important in the diagnosis of this type of gastritis, since
its cause is most often the result of chronic use of
NSAIDS, alcoholism, or other substances.

Other forms of gastritis

Gastritis that has developed to the stage of duodenal
or gastric ulcers usually requires endoscopy for diagno-
sis. It allows the physician to perform a biopsy for possi-
ble malignancy and for H. pylori. Sometimes, an upper
gastrointestinal x-ray study with barium is ordered.
Some diseases such as Zollinger-Ellison syndrome, an
ulcer disease of the upper gastrointestinal tract, may
show large mucosal folds in the stomach and duodenum
on radiographs or in endoscopy. Other tests check for
changes in gastric function.

Treatment
H. pylori gastritis

The discovery of H. pylori’s role in development of
gastritis and ulcers has led to improved treatment of
chronic gastritis. In particular, relapse rates for duodenal
and gastric ulcers has been reduced with successful treat-
ment of H. pylori infection. Since the infection can be
treated with antibiotics, the bacterium can be completely
eliminated up to 90% of the time.

Although H. pylori can be successfully treated, the
treatment may be uncomfortable for patients and relies
heavily on patient compliance. In 1998, studies were
underway to identify the best treatment method based on
simplicity, patient cooperation and results. No single
antibiotic had been found which would eliminate H.
pylori on its own, so a combination of antibiotics has
been prescribed to treat the infection.

DUAL THERAPY. Dual therapy involves the use of an
antibiotic and a proton pump inhibitor. Proton pump
inhibitors help reduce stomach acid by halting the mech-
anism that pumps acid into the stomach. This also helps
promote healing of ulcers or inflammation. Dual therapy
has not been proven to be as effective as triple therapy,
but may be ordered for some patients who can more
comfortably handle the use of less drugs and will there-
fore more likely follow the two-week course of therapy.

TRIPLE THERAPY. As of early 1998, triple therapy was
the preferred treatment for patients with H. pylori gastri-
tis. It is estimated that triple therapy successfully elimi-
nates 80-95% of H. pylori cases. This treatment regimen
usually involves a two-week course of three drugs. An
antibiotic such as amoxicillin or tetracycline, and another
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antibiotic such as clarithomycin or metronidazole are
used in combination with bismuth subsalicylate, a sub-
stance found in the over-the-counter medication, Pepto-
Bismol, which helps protect the lining of the stomach
from acid. Physicians were experimenting with various
combinations of drugs and time of treatment to balance
side effects with effectiveness. Side effects of triple thera-
py are not serious, but may cause enough discomfort that
patients are not inclined to follow the treatment.

OTHER TREATMENT THERAPIES. Scientists have
experimented with quadruple therapy, which adds an
antisecretory drug, or one which suppresses gastric
secretion, to the standard triple therapy. One study
showed this therapy to be effective with only a week’s
course of treatment in more than 90% of patients. Short
course therapy was attempted with triple therapy involv-
ing antibiotics and a proton pump inhibitor and seemed
effective in eliminating H. pylori in one week for more
than 90% of patients. The goal is to develop the most
effective therapy combination that can work in one week
of treatment or less.

MEASURING H. PYLORI TREATMENT EFFECTIVENESS.
In order to ensure that H. pylori has been eradicated,
physicians will test patients following treatment. The
breath test is the preferred method to check for remaining
signs of H. pylori.

Treatment of erosive gastritis

Since few patients with this form of gastritis show
symptoms, treatment may depend on severity of symp-
toms. When symptoms do occur, patients may be treated
with therapy similar to that for H. pylori, especially since
some studies have demonstrated a link between H. pylori
and NSAIDS in causing ulcers. Avoidance of NSAIDS
will most likely be prescribed.

Other forms of gastritis

Specific treatment will depend on the cause and type
of gastritis. These may include prednisone or antibiotics.
Critically ill patients at high risk for bleeding may be
treated with preventive drugs to reduce risk of acute
stress gastritis. If stress gastritis does occur, the patient is
treated with constant infusion of a drug to stop bleeding.
Sometimes surgery is recommended, but is weighed with
the possibility of surgical complications or death. Once
torrential bleeding occurs in acute stress gastritis, mortal-
ity is as high as greater than 60%.

Alternative treatment

Alternative forms of treatment for gastritis and
ulcers should be used cautiously and in conjunction with
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KEY TERMS

Duodenal—Refers to the duodenum, or the first
part of the small intestine.

Gastric—Relating to the stomach.

Mucosa—The mucous membrane, or the thin
layer which lines body cavities and passages.

Ulcer—A break in the skin or mucous membrane.
It can fester and pus like a sore.

conventional medical care, particularly now that scien-
tists have confirmed the role of H. pylori in gastritis and
ulcers. Alternative treatments can help address gastritis
symptoms with diet and nutritional supplements, herbal
medicine and ayurvedic medicine. It is believed that
zinc, vitamin A and beta-carotene aid in the stomach lin-
ing’s ability to repair and regenerate itself. Herbs thought
to stimulate the immune system and reduce inflammation
include echinacea (Echinacea spp.) and goldenseal
(Hydrastis canadensis). Ayurvedic medicine involves
meditation. There are also certain herbs and nutritional
supplements aimed at helping to treat ulcers.

Prognosis

The discovery of H. pylori has improved the progno-
sis for patients with gastritis and ulcers. Since treatment
exists to eradicate the infection, recurrence is much less
common. As of 1998, the only patients requiring treat-
ment for H. pylori were those at high risk because of fac-
tors such as NSAIDS use or for those with ulcers and
other complicating factors or symptoms. Research will
continue into the most effective treatment of H. pylori,
especially in light of the bacterium’s resistance to certain
antibiotics. Regular treatment of patients with gastric and
duodenal ulcers has been recommended, since H. pylori
plays such a consistently high role in development of
ulcers. It is believed that H. pylori also plays a role in the
eventual development of serious gastritis complications
and cancer. Detection and treatment of H. pylori infec-
tion may help reduce occurrence of these diseases. The
prognosis for patients with acute stress gastritis is much
poorer, with a 60 percent or higher mortality rate among
those bleeding heavily.

Prevention

The widespread detection and treatment of H. pylori
as a preventive measure in gastritis has been discussed
but not resolved. Until more is known about the routes
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Gastroenteritis

through which H. pylori is spread, specific prevention
recommendations are not available. Erosive gastritis
from NSAIDS can be prevented with cessation of use of
these drugs. An education campaign was launched in
1998 to educate patients, particularly an aging popula-
tion of arthritis sufferers, about risk for ulcers from
NSAIDS and alternative drugs.

Resources

BOOKS

Burton Goldberg Group. Alternative Medicine: The Definitive
Guide. Puyallup, WA: Future Medicine Publishing, Inc.,
1993.

LaMont, J. Thomas. Gastrointestinal Infections, Diagnosis and
Management. Marcel Dekker, Inc. 1997.
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Podolski, J. L. “Recent Advances in Peptic Ulcer Disease: H.
pylori Infection and Its Treatement.” Gastroenterology
Nursing 19, no. 4: 128-136.
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National Digestive Diseases Information Clearinghouse. 2 Infor-
mation Way, Bethesda, MD 20892-3570. (800) 891-5389.
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Gastroduodenostomy (Billroth 1) see Ulcer
surgery

I Gastroenteritis
Definition

Gastroenteritis is a catchall term for infection or
irritation of the digestive tract, particularly the stomach
and intestine. It is frequently referred to as the stomach
or intestinal flu, although the influenza virus is not
associated with this illness. Major symptoms include
nausea and vomiting, diarrhea, and abdominal
cramps. These symptoms are sometimes also accompa-
nied by fever and overall weakness. Gastroenteritis typi-
cally lasts about three days. Adults usually recover with-
out problem, but children, the elderly, and anyone with
an underlying disease are more vulnerable to complica-
tions such as dehydration.
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Description

Gastroenteritis is an uncomfortable and inconve-
nient ailment, but it is rarely life-threatening in the Unit-
ed States and other developed nations. However, an esti-
mated 220,000 children younger than age five are hospi-
talized with gastroenteritis symptoms in the United
States annually. Of these children, 300 die as a result of
severe diarrhea and dehydration. In developing nations,
diarrheal illnesses are a major source of mortality. In
1990, approximately three million deaths occurred
worldwide as a result of diarrheal illness.

The most common cause of gastroenteritis is viral
infection. Viruses such as rotavirus, adenovirus, astro-
virus, and calicivirus and small round-structured viruses
(SRSVs) are found all over the world. Exposure typically
occurs through the fecal-oral route, such as by consum-
ing foods contaminated by fecal material related to poor
sanitation. However, the infective dose can be very low
(approximately 100 virus particles), so other routes of
transmission are quite probable.

Typically, children are more vulnerable to rotavirus-
es, the most significant cause of acute watery diarrhea.
Annually, worldwide, rotaviruses are estimated to cause
800,000 deaths in children below age five. For this rea-
son, much research has gone into developing a vaccine to
protect children from this virus. Adults can be infected
with rotaviruses, but these infections typically have mini-
mal or no symptoms.

Children are also susceptible to adenoviruses and
astroviruses, which are minor causes of childhood gas-
troenteritis. Adults experience illness from astroviruses
as well, but the major causes of adult viral gastroenteritis
are the caliciviruses and SRSVs. These viruses also
cause illness in children. The SRSVs are a type of cali-
civirus and include the Norwalk, Southhampton, and
Lonsdale viruses. These viruses are the most likely to
produce vomiting as a major symptom.

Bacterial gastroenteritis is frequently a result of poor
sanitation, the lack of safe drinking water, or contaminat-
ed food—conditions common in developing nations.
Natural or man-made disasters can make underlying
problems in sanitation and food safety worse. In devel-
oped nations, the modern food production system poten-
tially exposes millions of people to disease-causing bac-
teria through its intensive production and distribution
methods. Common types of bacterial gastroenteritis can
be linked to Salmonella and Campylobacter bacteria;
however, Escherichia coli 0157 and Listeria monocyto-
genes are creating increased concern in developed
nations. Cholera and Shigella remain two diseases of
great concern in developing countries, and research to
develop long-term vaccines against them is underway.
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Causes and symptoms

Gastroenteritis arises from ingestion of viruses, cer-
tain bacteria, or parasites. Food that has spoiled may also
cause illness. Certain medications and excessive alcohol
can irritate the digestive tract to the point of inducing
gastroenteritis. Regardless of the cause, the symptoms of
gastroenteritis include diarrhea, nausea and vomiting,
and abdominal pain and cramps. Sufferers may also
experience bloating, low fever, and overall tiredness.
Typically, the symptoms last only two to three days, but
some viruses may last up to a week.

A usual bout of gastroenteritis shouldn’t require a
visit to the doctor. However, medical treatment is essen-
tial if symptoms worsen or if there are complications.
Infants, young children, the elderly, and persons with
underlying disease require special attention in this regard.

The greatest danger presented by gastroenteritis is
dehydration. The loss of fluids through diarrhea and
vomiting can upset the body’s electrolyte balance, lead-
ing to potentially life-threatening problems such as heart
beat abnormalities (arrhythmia). The risk of dehydration
increases as symptoms are prolonged. Dehydration
should be suspected if a dry mouth, increased or exces-
sive thirst, or scanty urination is experienced.

If symptoms do not resolve within a week, an infec-
tion or disorder more serious than gastroenteritis may be
involved. Symptoms of great concern include a high fever
(102° F [38.9°C] or above), blood or mucus in the diarrhea,
blood in the vomit, and severe abdominal pain or swelling.
These symptoms require prompt medical attention.

Diagnosis

The symptoms of gastroenteritis are usually enough
to identify the illness. Unless there is an outbreak affect-
ing several people or complications are encountered in a
particular case, identifying the specific cause of the ill-
ness is not a priority. However, if identification of the
infectious agent is required, a stool sample will be col-
lected and analyzed for the presence of viruses, disease-
causing (pathogenic) bacteria, or parasites.

Treatment

Gastroenteritis is a self-limiting illness which will
resolve by itself. However, for comfort and convenience,
a person may use over-the-counter medications such as
Pepto Bismol to relieve the symptoms. These medica-
tions work by altering the ability of the intestine to move
or secrete spontaneously, absorbing toxins and water, or
altering intestinal microflora. Some over-the-counter
medicines use more than one element to treat symptoms.
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If over-the-counter medications are ineffective and
medical treatment is sought, a doctor may prescribe a
more powerful anti-diarrheal drug, such as motofen or
lomotil. Should pathogenic bacteria or parasites be iden-
tified in the patient’s stool sample, medications such as
antibiotics will be prescribed.

It is important to stay hydrated and nourished during a
bout of gastroenteritis. If dehydration is absent, the drink-
ing of generous amounts of nonalcoholic fluids, such as
water or juice, is adequate. Caffeine, since it increases
urine output, should be avoided. The traditional BRAT
diet—bananas, rice, applesauce, and toast—is tolerated by
the tender gastrointestinal system, but it is not particularly
nutritious. Many, but not all, medical researchers recom-
mend a diet that includes complex carbohydrates (e.g., rice,
wheat, potatoes, bread, and cereal), lean meats, yogurt,
fruit, and vegetables. Milk and other dairy products should-
n’t create problems if they are part of the normal diet. Fatty
foods or foods with a lot of sugar should be avoided. These
recommendations are based on clinical experience and
controlled trials, but are not universally accepted.

Minimal to moderate dehydration is treated with oral
rehydrating solutions that contain glucose and electrolytes.
These solutions are commercially available under names
such as Naturalyte, Pedialyte, Infalyte, and Rehydralyte.
Oral rehydrating solutions are formulated based on physi-
ological properties. Fluids that are not based on these
properties—such as cola, apple juice, broth, and sports
beverages—are not recommended to treat dehydration. If
vomiting interferes with oral rehydration, small frequent
fluid intake may be better tolerated. Should oral rehydra-
tion fail or severe dehydration occur, medical treatment in
the form of intravenous (IV) therapy is required. IV thera-
py can be followed with oral rehydration as the patient’s
condition improves. Once normal hydration is achieved,
the patient can return to a regular diet.

Alternative treatment

Symptoms of uncomplicated gastroenteritis can be
relieved with adjustments in diet, herbal remedies, and
homeopathy. An infusion of meadowsweet (Filipendula
ulmaria) may be effective in reducing nausea and stom-
ach acidity. Once the worst symptoms are relieved, slip-
pery elm (Ulmus fulva) can help calm the digestive tract.
Of the homeopathic remedies available, Arsenicum
album, ipecac, or Nux vomica are three said to relieve the
symptoms of gastroenteritis.

Probiotics, bacteria that are beneficial to a person’s
health, are recommended during the recovery phase of gas-
troenteritis. Specifically, live cultures of Lactobacillus aci-
dophilus are said to be effective in soothing the digestive
tract and returning the intestinal flora to normal. L. aci-
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Gastrostomy

KEY TERMS

Dehydration—A condition in which the body
lacks the normal level of fluids, potentially impair-
ing normal body functions.

Electrolyte—An ion, or weakly charged element,
that conducts reactions and signals in the body.
Examples of electrolytes are sodium and potassi-
um ions.

Glucose—A sugar that serves as the body’s prima-
ry source of fuel.

Influenza—A virus that affects the respiratory sys-
tem, causing fever, congestion, muscle aches, and
headaches.

Intravenous (IV) therapy—Administration of intra-
venous fluids.

Microflora—The bacterial population in the intes-
tine.

Pathogenic bacteria—Bacteria that produce illness.

Probiotics—Bacteria that are beneficial to a per-
son’s health, either through protecting the body
against pathogenic bacteria or assisting in recov-
ery from an illness.

dophilus is found in live-culture yogurt, as well as in cap-
sule or powder form at health food stores. The use of probi-
otics is found in folk remedies and has some support in the
medical literature. Castor oil packs to the abdomen can
reduce inflammation and also reduce spasms or discomfort.

Prognosis

Gastroenteritis is usually resolved within two to
three days and there are no long-term effects. If dehydra-
tion occurs, recovery is extended by a few days.

Prevention

There are few steps that can be taken to avoid gas-
troenteritis. Ensuring that food is well-cooked and
unspoiled can prevent bacterial gastroenteritis, but may
not be effective against viral gastroenteritis.

Resources
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Gastroesophageal reflux see Heartburn

Gastrointestinal bleeding studies see GI
bleeding studies

Gastrointestinal study see Liver nuclear
medicine scan

Gastrojejunostomy see Ulcer surgery
Gastroschisis see Abdominal wall defects

I Gastrostomy
Definition

Gastrostomy is a surgical procedure for inserting a
tube through the abdomen wall and into the stomach. The
tube is used for feeding or drainage.

Purpose

Gastrostomy is performed because a patient tem-
porarily or permanently needs to be fed directly through
a tube in the stomach. Reasons for feeding by gastrosto-
my include birth defects of the mouth, esophagus, or
stomach, and problems sucking or swallowing.

Gastrostomy is also performed to provide drainage
for the stomach when it is necessary to bypass a long-
standing obstruction of the stomach outlet into the small
intestine. Obstructions may be caused by peptic ulcer
scarring or a tumor.

Precautions

Gastrostomy is a relatively simple procedure. As with
any surgery, patients are more likely to experience compli-
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Gastrostomy is a procedure in which the surgeon makes an opening into the stomach and inserts a feeding tube for feeding

or for drainage. (lllustration by Electronic lllustrators Group.)

cations if they are smokers, obese, use alcohol heavily, or
use illicit drugs. In addition, some prescription medica-
tions may increase risks associated with anesthesia.

Description

Gastrostomy, also called gastrostomy tube insertion,
is surgery performed by a general surgeon to give an
external opening into the stomach. Surgery is performed
either when the patient is under general anesthesia—
where the patient feels as if he is in a deep sleep and has
no awareness of what is happening—or under local anes-
thesia. With local anesthesia, the patient is awake, but the
part of the body cut during the operation is numbed.

A small incision is made on the left side of the
abdomen; then, an incision is made through the stomach.
A small, flexible, hollow tube, usually made of
polyvinylchloride or rubber, is inserted into the stomach.
The stomach is stitched closed around the tube, and the
incision is closed. The procedure is performed at a hospi-
tal or free-standing surgery center.

The length of time the patient needs to remain in the
hospital depends on the age of the patient and the
patient’s general health. In some cases, the hospital stay
can be as short as one day, but often is longer. Normally,
the stomach and abdomen heal in five to seven days.

The cost of the surgery varies, depending on the age
and health of the patient. Younger, sicker patients require
more intensive, thus more expensive, care.

Preparation

Prior to the operation, the doctor will perform
endoscopy and take x rays of the gastrointestinal tract.
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Blood and urine tests will also be performed, and the
patient may meet with the anesthesiologist to evaluate
any special conditions that might affect the administra-
tion of anesthesia.

Aftercare

Immediately after the operation, the patient is fed
intravenously for at least 24 hours. Once bowel sounds
are heard, indicating that the gastrointestinal system is
working, the patient can begin clear liquid feedings
through the tube. Gradually feedings are increased.

Patient education concerning use and care of the
gastrostomy tube is very important. Patients and their
families are taught how to recognize and prevent infec-
tion around the tube, how to feed through the tube, how
to handle tube blockage, what to do if the tube pulls out,
and what normal activities can be continued.

Risks

There are few risks associated with this surgery. The
main complications are infection, bleeding, dislodgment
of the tube, stomach bloating, nausea, and diarrhea.

Normal results

The patient is able to eat through the gastrostomy
tube, or the stomach can be drained through the tube.

Resources

BOOKS
Griffith, H. Winter. Complete Guide to Symptoms, lllness, &
Surgery. 3rd ed. New York: The Body Press/Perigee, 1995.
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Gaucher disease

KEY TERMS

Endoscopy—A procedure in which an instrument
containing a camera is inserted into the gastroin-
testinal tract so that the doctor can visually inspect
the gastrointestinal system.

OTHER
“Stomach Tube Insertion.” HealthAnswers.com. <http://www.
healthanswers.com>.

Tish Davidson

I Gaucher disease
Definition

Gaucher disease is a rare genetic disorder that
results in accumulation of fatty molecules called cerebro-
sides. It can have serious effects on numerous body
organs including the liver, spleen, bones and central ner-
vous system. Treatments based on molecular biology are
becoming available, but are very expensive.

Description

Gaucher disease was first described by the French
physician Philippe Gaucher in 1882. It is the most com-
mon of a class of diseases called lysosomal storage dis-
eases, each of which is characterized by the accumulation
of a specific chemical substance (a different substance
depending on the exact disease). Gaucher disease is char-
acterized by a wide array of different symptoms and the
severity of the disease ranges from undetectable to lethal.

Three forms of the disease are recognized: Types I,
IT and III. Type I is by far the most common and shows
the mildest symptoms. It is non-neuronopathic, meaning
that the nervous system is not attacked. The onset of
Type I can occur at any age in childhood or adult life
with the average age of onset at about 21 years. Some
affected individuals are have no symptoms throughout
adult life. Type II, the infantile form, accounts for less
than 1% of patients with Gaucher disease. It is neurono-
pathic (attacks the nervous system); nervous system
effects are severe, and victims often die within the first
year of life. Type III most often has its onset during
childhood and has some of the features of both the adult
and infantile forms. This affects less than 5% of persons
with Gaucher disease.
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Gaucher disease is caused by the absence, or near
absence, of activity of an enzyme called glucocerebrosi-
dase (GC). The normal action of GC is to break down a
common molecule called glucocerebroside. If not broken
down, glucocerebroside accumulates in certain cells to
levels that can cause damage, especially in the spleen,
liver, and bone. The common link among these organs is
that they house a cell type called a macrophage. A
macrophage is a large cell that surrounds and consumes a
foreign substance (such as bacteria) in the body. The cel-
lular structures in which glucocerebroside accumulates
are called lysosomes.

The three forms of Gaucher disease also differ in
their population genetics. Type I is most common in per-
sons of eastern European (Ashkenazi) Jewish descent.
Among this population, the disease occurs at a rate of
one in 450 live births and about one in 10 to 15 persons
are carriers, making it the most common genetic disease
affecting Jewish people. The other two types are equally
frequent in all ethnic groups. Type II occurs at a rate of
one in 100,000 live births, while Type III is estimated to
occur in one in 50,000 live births.

Causes and symptoms

Lack of the GC enzyme is caused by a mutation in the
glucocerebrosidase gene. The gene is located on chromo-
some 1. As of 2000, there have been over 100 mutations
described in this gene that causes Gaucher disease. Gauch-
er disease is inherited in an autosomal recessive pattern.
This means that two defective gene copies must be inherit-
ed, one from each parent, for the disease to manifest itself.
Persons with only one gene mutation are carriers for the
disorder. A person who is a carrier for Gaucher disease
does not have any symptoms and does not know he or she
is a carrier unless he or she has had specific testing. When
both parents are carriers for Gaucher disease, there is a one
in four chance (25%) in each pregnancy for a child to
have Gaucher disease. There is a two in three chance that a
healthy sibling of an affected child is a carrier.

The results of Gaucher disease are widespread in the
body and include excessive growth of the liver and
spleen (hepatosplenomegaly), weakening of bones, and,
in acute cases, severe nervous system damage. Many
patients experience “bone crises,” which are episodes of
extreme pain in their bones.

There is a wide array of other problems that occur
with Gaucher disease, such as anemia (fewer than normal
red blood cells). Just how these other symptoms are
caused is not known. Nor is it known why some patients
have very mild disease and others have much more sig-
nificant problems. Even identical twins with the disease
can have differing symptoms.
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Diagnosis

Diagnosis of Gaucher disease, based initially on the
symptoms described above, can be confirmed by micro-
scopic, enzymatic, and molecular tests. Biopsy (surgical
removal of tissue from a problem area) of tissue is help-
ful for microscopic diagnosis. When biopsy tissue is
examined under the microscope, cells will appear
swollen and will show characteristic features of the cyto-
plasm (part of the cell body along with the nucleus) and
nucleus. Enzyme tests will show deficiency (<30% of
normal levels) of the enzyme GC. Molecular analysis of
DNA samples looking at four of the more common muta-
tions will show defects in the gene for GC in 95% of
Ashkenazi Jewish individuals and in 75% of non-Jewish
people. Diagnosis can be performed prenatally (before
birth) if the parents’ mutations are known using amnio-
centesis or chorionic villus sampling.

Diagnosis as to which of the three types of Gaucher
disease an individual has is based on the symptoms,
rather than on test results.

Treatment

Until the 1990s, only supportive therapy could be
offered. Analgesics are used to control pain. Orthopedic
treatment is used for bone fractures. In some cases, sur-
gical removal of the spleen may be necessary. Several
treatments for anemia have been used, including vitamin
and iron supplements, blood transfusions, and bone mar-
row transplants.

The newest form of treatment for Gaucher disease is
enzyme replacement therapy, in which GC can be admin-
istered intravenously. The enzyme can be prepared either
by purification from placentas (alglucerase) or by recom-
binant DNA manufacturing techniques (imiglucerase).
Either way, the cost of treatment ranges from $100,000
to $400,000 per year, which can prevent many from
obtaining treatment.

Enzyme replacement is effective at reducing most
Gaucher symptoms. The notable exception is neurologic
damage in Type II disease, which remains unimproved
by this treatment. This treatment is not recommended for
individuals who are asymptomatic. As of 2000, the effi-
cacy for the treatment of Type III Gaucher disease is not
known. Many questions remain about enzyme replace-
ment therapy in regard to dosage, and method and fre-
quency of administration. The treatment program should
be individualized for each patient.

Prognosis

A patient’s expected lifespan varies greatly with the
type of Gaucher disease. Infants with Type II disease have
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KEY TERMS

Cerebrosides—Fatty carbohydrates that occur in
the brain and nervous system.

Enzymatic replacement therapy—A treatment
method used to replace missing enzymes. It is
possible to synthesize enzymes and then inject
them intravenously into patients.

Glucocerebroside—A cerebroside that contains
glucose in the molecule.

a life span of one to four years. Patients with Types I and
IIT of the disease have highly variable outcomes with
some patients dying in childhood and others living full
lives. Little is known about the reasons for this variability.

Prevention

Genetic counseling is advised for individuals with
Gaucher disease and for their relatives to accurately
assess risk and discuss testing options. For couples who
previously had a child with Gaucher or in situations
where both parents are carriers for known Gaucher muta-
tions, prenatal diagnosis is available to determine
whether a pregnancy is affected. Families in which a per-
son has been diagnosed with Gaucher disease can have
DNA testing, which enables other relatives to determine
their carrier status. Prospective parents can then use that
information to conduct family planning or to prepare for
a child who may have special circumstances.

Families in which both parents are known to be a
carrier of a mutation for Gaucher disease could consider
preimplantation genetic diagnosis. This relatively new
procedure can select an embryo without both Gaucher
disease mutations prior to implantation of the embryo
into the uterus. This technique is only available at select-
ed genetics centers.

As of 2000, population screening for Gaucher dis-
ease is not standard of care.

Resources

PERIODICALS

Beutler, E. “Gaucher Disease.” Archives of Internal Medicine
159 (1999): 881-2.

Charrow, J., et al. “Gaucher Disease: Recommendations on
Diagnosis, Evaluation, and Monitoring.” Archives of
Internal Medicine 158 (1998): 1754-1760.

Grabowski, Gregory A. “Current Issues in Enzyme Therapy for
Gaucher Disease.” Drugs 52 (August 1996): 159-167.
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NIH Technology Assessment Conference. “Gaucher Disease:
Current Issues in Diagnosis and Treatment.” JAMA 275
(February 12, 1996): 548-553.

ORGANIZATIONS

Alliance of Genetic Support Groups. 4301 Connecticut Ave.
NW, Suite 404, Washington, DC 20008. (202) 966-5557.
Fax: (202) 966-8553. <http://www.geneticalliance.org>.

Children’s Gaucher Research Fund. PO Box 2123, Granite
Bay, CA 95746-2123. (916) 797-3700. Fax: (916) 797-
3707. <http://www.childrensgaucher.org>.

National Gaucher Foundation. 11140 Rockville Pike, Suite
350, Rockville, MD 20852-3106. (800) 925-8885.
<http://www.gaucherdisease.org>.

National Organization for Rare Disorders (NORD). PO Box 8923,
New Fairfield, CT 06812-8923. (203) 746-6518 or (800) 999-
6673. Fax: (203) 746-6481. <http://www.rarediseases.org>.

OTHER

“Cerezyme.” Genzyme Therapeutics. <http://www.cerezyme.
com>.

“Gaucher Disease: Current Issues in Diagnosis and Treatment.”
<http://text.nlm.nih.gov/nih/ta/www/16.html>.

“Living with Gaucher Disease: A Guide for Patients, Parents,
Relatives, and Friends.” <http://neuro-www3.mgh.
harvard.edu/gaucher/living.html>.

National Foundation for Jewish Genetic Diseases (NFIGD).
<http://www.nfjgd.org/>.

Amy Vance

I Gay and lesbian health
Definition

Lesbian, gay, bisexual, and transgender (LGBT)
individuals are as diverse as the general population in
terms of race, ethnicity, age, religion, education, income,
and family history. A number of health concerns are
unique to or shared by the LGBT community, however,
including an increased risk of certain cancers, infectious
and sexually transmitted diseases (STDs), and mental
health disorders; issues relating to nutrition and weight,
tobacco use, and substance abuse; and discrimination by
health care and insurance providers.

Description

The definitions of different sexual identities have
shifted over the years, as have the perceptions and stereo-
types of the general population. Because of the wide
range of behaviors and identities that exist in the LGBT
community, it is difficult to develop an inclusive defini-
tion. It is generally accepted, however, that gay men and
lesbians are sexually attracted to or participate in sexual
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behaviors with individuals of the same gender, while
bisexual men and women are sexually attracted to or par-
ticipate in sexual behaviors with individuals of both gen-
ders. Transgender individuals live part- or full-time in a
gender role opposite to their genetic sex.

It is estimated that approximately 2.8% of men and
1.4% of women identify as being gay, lesbian, or bisexu-
al while 9.1% of men and 4.3% of women have partici-
pated in sexual behavior with someone of the same gen-
der at least once. The true extent of the transgender com-
munity has not been well researched in the United States;
one study from the Netherlands in 1993 found that one in
11,900 males and one in 30,400 females are transgender.

There are a number of issues that arise when trying
to define sexual orientation. Many gay men and lesbians
have participated in or continue to participate in sexual
activities with members of the opposite sex but choose
not to identify as heterosexuals or bisexuals. Others have
never participated in sexual activities at all yet still iden-
tify as gay, lesbian, or bisexual. Some men and women
identifying as bisexuals are in long-term, monogamous
relationships with individuals of the same or opposite
sex. Male-to-female (MTF) or female-to-male (FTM)
transgender individuals may or may not identify them-
selves as gay or lesbian.

The implications of these identity issues are far-
reaching. Misdiagnoses or improper medical recommen-
dations might come from health care providers who have
mistakenly assumed sexual behaviors or risks from the
patient’s stated identity. For example, a provider might
incorrectly assume that a lesbian patient has never had
sexual intercourse with a male and therefore would not
have contracted STDs not normally transmitted by sexual
activities between women. It has been difficult to closely
estimate the numbers of LGBT individuals in the United
States because of varying definitions. Likewise, the sta-
tistics in medical or social studies and surveys on LGBT
issues might vary widely depending on what definitions
were provided for the respondents. Because of this, many
researchers have opted for the more inclusive terms of
“men who have sex with men” (MSM) and “women who
have sex with women” (WSW) to categorize gay, les-
bian, and bisexual respondents.

Important health care issues

Many LGBT individuals have difficulty revealing
their sexual identity (“coming out”) to their health care
providers. They may fear discrimination from providers
or believe that their confidentiality might be breached. In
some cases health care workers have been poorly trained
to address the needs of LGBT individuals or have diffi-
culty communicating with their LGBT patient (one study
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indicated that 40% of physicians are uncomfortable pro-
viding care for gay or lesbian patients). In addition, many
questions posed in questionnaires or examinations are
heterosexually biased (e.g. asking a lesbian which birth
control methods she uses or a gay man if he is married,
single, or divorced).

Other reasons why LGBT individuals are often hesi-
tant to share their sexual identity are more logistical.
Many insurance companies deny benefits to long-term
partners on the basis that they are not married. LGBT
patients may have inadequate access to health care, either
because they live in a remote rural area or in the crowded
inner city. Some same-sex partners encounter discrimina-
tion in hospitals and clinics when they are denied the
rights usually given to spouses of a patient such as visit-
ing, making medical decisions, and participating in con-
sultations with physicians.

Some of the health concerns and risk factors that are
relevant to LBGT individuals may be shared by the gener-
al population, while others are more specific to the LGBT
community, and still others are specific to different sub-
groups of LGBT individuals. These health concerns may
be grouped into the following areas of concern:

* Sexual behavior issues: STDs such as human immun-
odeficiency virus (HIV) and acquired immune defi-
ciency syndrome (AIDS), hepatitis A virus (HAV),
hepatitis B virus (HBV), bacterial vaginosis, gonor-
rhea, chlamydia, and genital warts (human papillo-
mavirus or HPV); anal, ovarian, and cervical cancer.

* Cultural issues: body image, nutrition, weight, and eat-
ing disorders; drug and alcohol abuse; tobacco use; par-
enting and family planning.

« Discrimination issues: inadequate medical care; harass-
ment at work, school, or home; difficulty in obtaining
housing, insurance coverage, or child custody; vio-
lence.

« Sexual identity issues: conflicts with family, friends,
and work mates; psychological issues such as anxiety,
depression, and suicide; economic hardship.

CANCER. Cancer is the second leading cause of
death in the United States. In 2000, it was estimated that
1,220,100 individuals were diagnosed with cancer and
552,200 lost their lives as a result. LBGT individuals are
at an increased risk for certain types of cancers. Some
researchers believe that those who do not disclose their
sexual identity live with an added stress that suppresses
the immune system, thus leaving them with an increased
risk of tumor growth.

Several studies have indicated that lesbians have
higher risk for developing breast cancer. This is partial-
ly related to higher rates of risk factors such as obesity,
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alcohol use, tobacco use, and nulliparity (not bearing
children). It has also been shown that lesbians are less
likely to be screened for breast cancer than heterosexual
women. Lesbians also have additional risk of developing
ovarian cancer, due to inadequate access to health care,
nulliparity, and not using oral contraceptives (use of
oral contraceptives has been shown to decrease the risk
of getting ovarian cancer).

Gay and bisexual men (or more generally, men who
have sex with men [MSM]) are at higher risk of develop-
ing non-Hodgkin’s lymphoma, Hodgkin’s disease, and
anal cancer. Kaposi’s sarcoma, an AIDS-associated
cancer, used to be found in the gay community at rates
thousands of times more than the general population
before more effective antiretroviral drugs became
available for people infected with HIV. Anal cancer is
associated with transmission of human papillomavirus
(HPV); a 1998 study indicated 73% of HIV-positive and
23% of HIV-negative MSM were infected with more
than one type of HPV. The risk factors associated with
MSM are also associated with increased rates of anal
cancer (i.e. smoking, having many sexual partners, and
receiving anal intercourse).

AIDS. As of 2000, more than 753,900 individuals
have been diagnosed with AIDS in the United States; of
total cases, 84% are men, 16% are women, and 1% are
children 12 years old or younger. The major risk groups
associated with AIDS transmission are MSM who
engage in high-risk sexual behaviors, intravenous drug
users (IDUs) who share needles, heterosexuals who
engage in high-risk sexual behaviors, inmates at correc-
tional facilities, and neonates (newborns) whose mothers
are infected with HIV.

Approximately 54% of cumulative AIDS cases are
men who have sex with men. MSM also constitute 38%
of newly reported HIV cases each year. An annual
decrease has occurred in the number of reported AIDS-
related deaths, partially attributable to the development
of advanced therapies that are extending the life
expectancies of AIDS patients. These new treatments,
however, have inadvertently caused decreased rates of
safe sex practices; one 1998 study revealed that 18% of
HIV-positive men were having safe sex less often since
advances in treatment.

Few studies have looked at the transmission of HIV
in women who have sex with women (WSW). HIV trans-
mission might occur in WSW because of intercourse
with males or intravenous drug use. Several small studies
conducted in the 1990s found no evidence of HIV trans-
mission from sexual activities between women.

OTHER STDS. It is estimated that 333 million cases
of curable STDs occur each year worldwide. Among the
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most commonly found STDs in the United States are
chlamydia, gonorrhea, AIDS, syphilis, and hepatitis B
virus (HBV). Over 15 million new infections are estimat-
ed to occur each year in the United State, with approxi-
mately four million of those occurring in adolescents.

MSM are at most risk of developing urethritis
(inflammation of the urethra), proctitis (inflammation of
the rectum), pharyngitis (inflammation of the cavity at
the back of the mouth), gonorrhea, chlamydia, HAV,
HBY, syphilis, herpes, and HPV. HAV and HBV are both
vaccine-preventable viruses but rates of vaccination
among MSM are low; in 1996 the Centers for Disease
Control and Prevention (CDC) found that only 3% of
MSM had been vaccinated against HBV. In May 2001
the Food and Drug Administration (FDA) approved a
new vaccine that combines the HAV and HBYV in one,
with hopes that vaccination rates will increase.

It appears that STDs are less common in women
who have sex only with women than in bisexual or het-
erosexual women. Genital warts, trichomoniasis, and
bacterial vaginosis are transmittable during sexual activi-
ty between women. Chlamydia, herpes, syphilis, gonor-
rhea, and HAV are also able to be transmitted between
women, although at lower rates.

MENTAL HEALTH. Forty million Americans are esti-
mated to be diagnosed with a mental disorder, a condition
in which abnormalities in thought, feeling, and/or behav-
ior cause distress or impair function. Of these, only 25%
seek and obtain care from mental health professionals.

Homosexuality was labeled as a mental disorder
until 1973 when it was declassified by the American Psy-
chiatric Association; in 1986 “ego-dystonic homosexual-
ity” was removed from the Diagnostic and Statistical
Manual of Mental Disorders (DSM-III). More recently,
studies have shown that LGBT individuals are at
increased risk of depression, panic attacks, substance
abuse, and suicide. MSM have been shown to have high-
er rates of depression, anxiety, and conduct disorder
than heterosexual males, although not much study has
been done in this area. WSW have been shown to have
increased rates of alcohol and drug abuse.

Gender identity disorder is defined as “a strong
and persistent cross-gender identification...manifested by
symptoms such as a stated desire to be the other sex, fre-
quently passing as the other sex, desire to live or be treat-
ed as the other sex, or the conviction that he or she as the
typical feelings and reactions of the other sex” (DSM-IV,
302.85). Transvestic fetishism is defined as involving
“recurrent, intense sexually arousing fantasies, sexual
urges, or behaviors involving cross-dressing” (DSM-IV,
302.3). Both disorders lead to a “disturbance that causes
clinically significant distress or impairment in social,
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occupational, or other important areas of functioning.”
This last point iterates that transgender individuals not
automatically considered under DSM-IV to have a men-
tal disorder.

NUTRITION AND WEIGHT. Diet and nutritional fac-
tors are associated with a number of diseases including
cancer, stroke, diabetes, heart disease, and osteoporosis.
It has been shown that lesbians are more likely than het-
erosexual women to be obese, have a higher body mass
index (BMI), and have higher rates of smoking, but are
also more likely to have a healthier body image (42%
compared to 21% of heterosexual women). Gay men and
adolescents, on the other hand, have been shown to have
increased rates of eating disorder behaviors than hetero-
sexual men; examples are binge eating (25% compared
to 11%), purging behaviors (12% to 4%), and poor body
image (28% to 12%).

SUBSTANCE AND TOBACCO USE. Marijuana and
cocaine use has been shown to be higher among lesbians
than heterosexual women. The incidence of the use of
some drugs is higher in gay men than heterosexual men;
these include marijuana, psychedelic drugs, ecstasy, bar-
bituates, and stimulants such as amyl or butyl nitrate
(“poppers”). There is some indication that the use of
some illicit drugs speeds up the replication of HIV,
although more research needs to be done in this area.

Cigarette smoking is responsible for 430,000 deaths a
year in the United States, with an estimated 3,000 non-
smokers dying as a result of exposure to secondhand
smoke. In 1997 the rate of smoking among all adults was
25%. In contrast, 36% of gay men and lesbians were noted
to be smokers. Lesbians are more than two times as likely
to become heavy smokers than heterosexual women.

Prevention

There are numerous ways that health care providers
can improve the access to and experience of health care
services for LGBT individuals. These include:

« rewording questionnaires and examinations to be inclu-
sive of LGBT patients

» providing referrals to social service agencies and coun-
seling services that are LGBT-friendly

« taking educational courses that are sensitive to the
needs of LGBT patients

« treating the families of LGBT patients as one would the
families of heterosexual patients

* maintaining the strictest code of confidentiality

« developing and maintaining health care centers or clin-
ics that address LGBT-specific needs

GALE ENCYCLOPEDIA OF MEDICINE 2



KEY TERMS

Gender identity disorder—a mental disorder in
which cross-gender identification (including want-
ing to live and be treated as the other sex) causes
distress or impairment of normal function.

Pharyngitis—inflammation of the cavity at the
back of the mouth.

Proctitis—inflammation of the rectum.
Nulliparity—never having carried a pregnancy.

Transvestic fetishism—a mental disorder in which
fantasies, sexual urges, or behaviors involving
cross-dressing cause distress or impairment of nor-
mal function.

Urethritis—inflammation of the urethra.

« asking non-threatening questions to determine if a per-
son is at risk of an STD

« educating patients of risk factors associated with STDs,
possible vaccines, and treatments available

« providing services to individuals in the process of dis-
closing their sexual identity and, if applicable, their
families

Resources

ORGANIZATIONS

Gay and Lesbian Medical Association. 459 Fulton Street, Suite
107, San Francisco, CA 94102. (415) 225-4547. <http://
www.glma.org>.

Parents, Families, and Friends of Lesbians and Gays. 1726 M
Street NW, Suite 400, Washington, DC 20036. (202) 467-
8180. <http://www.pflag.org>.

OTHER

Albert, Sarah. “Lesbians and Gays More Likely to Smoke, Sur-
vey Says.” GayHealth Website. 16 May 2001. <http://www.
gayhealth.com/templates/99022445042572021484300001/
news/index.html?record=554>.

Dean, Laura, [lan H. Meyer, Kevin Robinson, Randall L. Sell,
Robert Sember, Vincent M. B. Silenzio, Deborah J.
Bowen, Judith Bradford, Esther Rothblum, Jocelyn White,
Patricia Dunn, Ann Lawrence, Daniel Wolfe, and Jessica
Xavier. “Lesbian, Gay, Bisexual, and Transgender Health:
Findings and Concerns.” Journal of the Gay and Lesbian
Medical Association. October 2000. <http://www.glma.
org/pub/jglma/vol4/3/index.html>.

Garbo, Jon. “FDA Approves Combo Vaccine for Hepatitis A and
B.” GayHealth Website. 14 May 2001. <http://www.gay-
health.com/templates/99022462467343139648300002/
news?record=553>.
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“Healthy People 2010 Companion Document for Lesbian, Gay,
Bisexual, and Transgender (LGBT) Health.” Gay and Les-
bian Medical Association. April 2001. <http://www.glma.
org/policy/hp2010/index.html>.

Stéphanie Islane Dionne

I Gender identity disorder
Definition

The psychological diagnosis gender identity disor-
der (GID) is used to describe a male or female that feels a
strong identification with the opposite sex and experi-
ences considerable distress because of their actual sex.

Description

Gender identity disorder can affect children, adoles-
cents, and adults. Individuals with gender identity disor-
der have strong cross-gender identification. They believe
that they are, or should be, the opposite sex. They are
uncomfortable with their sexual role and organs and may
express a desire to alter their bodies. While not all per-
sons with GID are labeled as transsexuals, there are those
who are determined to undergo sex change procedures or
have done so, and, therefore, are classified as transsexu-
al. They often attempt to pass socially as the opposite
sex. Transsexuals alter their physical appearance cosmet-
ically and hormonally, and may eventually undergo a
sex-change operation.

Children with gender identity disorder refuse to
dress and act in sex-stereotypical ways. It is important to
remember that many emotionally healthy children expe-
rience fantasies about being a member of the opposite
sex. The distinction between these children and gender
identity disordered children is that the latter experience
significant interference in functioning because of their
cross-gender identification. They may become severely
depressed, anxious, or socially withdrawn.

Causes and symptoms

The cause of gender identity disorder is not known.
It has been theorized that a prenatal hormonal imbalance
may predispose individuals to the disorder. Problems in
the individual’s family interactions or family dynamics
have also been postulated as having some causal impact.

The Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV), the diagnostic ref-
erence standard for United States mental health profes-
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Gender identity disorder

KEY TERMS

Cross-dressing—Dressing in clothing that is
stereotypical of the opposite sex.

Gender identity disorder (GID)—A strong and
lasting cross-gender identification and persistent
discomfort with one’s biological gender (sex) role.
This discomfort must cause a significant amount of
distress or impairment in the functioning of the
individual.

Transsexual—A person with gender identity disor-
der who has an overwhelming desire to change
anatomic sex; one who seeks hormonal or surgical
treatment to change sex.

sionals, describes the criteria for gender identity disorder
as an individual’s strong and lasting cross-gender identi-
fication and their persistent discomfort with their biolog-
ical gender role. This discomfort must cause a significant
amount of distress or impairment in the functioning of
the individual.

DSM-IV specifies that children must display at least
four of the following symptoms of cross-gender identifi-
cation for a diagnosis of gender identity disorder:

« a repeatedly stated desire to be, or insistence that he or
she is, the opposite sex

« a preference for cross-dressing

« a strong and lasting preference to play make-believe and
role-playing games as a member of the opposite sex or
persistent fantasies that he or she is the opposite sex

« a strong desire to participate in the stereotypical games
of the opposite sex

« a strong preference for friends and playmates of the
opposite sex

Diagnosis

Gender identity disorder is typically diagnosed by a
psychiatrist or psychologist, who conducts an interview
with the patient and takes a detailed social history. Fami-
ly members may also be interviewed during the assess-
ment process. This evaluation usually takes place in an
outpatient setting.

Treatment
Treatment for children with gender identity disor-

der focuses on treating secondary problems such as
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depression and anxiety, and improving self-esteem.
Treatment may also work on instilling positive identifi-
cations with the child’s biological gender. Children
typically undergo psychosocial therapy sessions; their
parents may also be referred for family or individual
therapy.

Transsexual adults often request hormone and surgi-
cal treatments to suppress their biological sex character-
istics and acquire those of the opposite sex. A team of
health professionals, including the treating psychologist
or psychiatrist, medical doctors, and several surgical spe-
cialists, oversee this transitioning process. Because of the
irreversible nature of the surgery, candidates for sex-
change surgery are evaluated extensively and are often
required to spend a period of time integrating themselves
into the cross-gender role before the procedure begins.
Counseling and peer support are also invaluable to trans-
sexual individuals.

Prognosis

Long-term follow up studies have shown positive
results for many transsexuals who have undergone sex-
change surgery. However, significant social, personal,
and occupational issues may result from surgical sex
changes, and the patient may require psychotherapy or
counseling.

Resources

BOOKS

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 4th ed. Washington, DC:
American Psychiatric Press, Inc., 1994.

Israel, Gianna E., and Donald E. Tarver. Transgender Care:
Recommended Guidelines, Practical Information and Per-
sonal Accounts. Philadelphia: Temple University Press,
1997.

Maxmen, Jerrold S., and Nicholas G. Ward. “Sexual and Gen-
der Identity Disorders.” In Essential Psychopathology and
Its Treatment. 2nd ed. New York: W. W. Norton, 1995.

PERIODICALS

Dickey, Robert. “Diagnosing and Treating Gender Identity Dis-
order in Women.” Medscape Mental Health 2, no. 9
(1997).

ORGANIZATIONS

American Academy of Child and Adolescent Psychiatry
(AACAP). 3615 Wisconsin Ave. NW, Washington, DC
20016. (202) 966-7300. <http://www.aacap.org>.

OTHER
The National Transgender Guide. <http://www.tgguide.com>.

Paula Anne Ford-Martin
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I Gene therapy
Definition

Gene therapy is a rapidly growing field of medicine
in which genes are introduced into the body to treat dis-
eases. Genes control heredity and provide the basic bio-
logical code for determining a cell’s specific functions.
Gene therapy seeks to provide genes that correct or sup-
plant the disease-controlling functions of cells that are
not, in essence, doing their job. Somatic gene therapy
introduces therapeutic genes at the tissue or cellular level
to treat a specific individual. Germ-line gene therapy
inserts genes into reproductive cells or possibly into
embryos to correct genetic defects that could be passed
on to future generations. Initially conceived as an
approach for treating inherited diseases, like cystic
fibrosis and Huntington’s disease, the scope of potential
gene therapies has grown to include treatments for can-
cers, arthritis, and infectious diseases. Although gene
therapy testing in humans has advanced rapidly, many
questions surround its use. For example, some scientists
are concerned that the therapeutic genes themselves may
cause disease. Others fear that germ-line gene therapy
may be used to control human development in ways not
connected with disease, like intelligence or appearance.

The biological basis of gene therapy

Gene therapy has grown out of the science of genet-
ics or how heredity works. Scientists know that life
begins in a cell, the basic building block of all multicellu-
lar organisms. Humans, for instance, are made up of tril-
lions of cells, each performing a specific function. With-
in the cell’s nucleus (the center part of a cell that regu-
lates its chemical functions) are pairs of chromosomes.
These threadlike structures are made up of a single mole-
cule of DNA (deoxyribonucleic acid), which carries the
blueprint of life in the form of codes, or genes, that deter-
mine inherited characteristics.

A DNA molecule looks like two ladders with one of
the sides taken off both and then twisted around each
other. The rungs of these ladders meet (resulting in a spi-
ral staircase-like structure) and are called base pairs.
Base pairs are made up of nitrogen molecules and
arranged in specific sequences. Millions of these base
pairs, or sequences, can make up a single gene, specifi-
cally defined as a segment of the chromosome and DNA
that contains certain hereditary information. The gene, or
combination of genes formed by these base pairs ulti-
mately direct an organism’s growth and characteristics
through the production of certain chemicals, primarily
proteins, which carry out most of the body’s chemical
functions and biological reactions.

GALE ENCYCLOPEDIA OF MEDICINE 2

Scientists have long known that alterations in genes
present within cells can cause inherited diseases like cys-
tic fibrosis, sickle-cell anemia, and hemophilia. Similar-
ly, errors in the total number of chromosomes can cause
conditions such as Down syndrome or Turner’s syn-
drome. As the study of genetics advanced, however, sci-
entists learned that an altered genetic sequence can also
make people more susceptible to diseases, like athero-
sclerosis, cancer, and even schizophrenia. These dis-
eases have a genetic component, but are also influenced
by environmental factors (like diet and lifestyle). The
objective of gene therapy is to treat diseases by introduc-
ing functional genes into the body to alter the cells
involved in the disease process by either replacing miss-
ing genes or providing copies of functioning genes to
replace nonfunctioning ones. The inserted genes can be
naturally-occurring genes that produce the desired effect
or may be genetically engineered (or altered) genes.

Scientists have known how to manipulate a gene’s
structure in the laboratory since the early 1970s through
a process called gene splicing. The process involves
removing a fragment of DNA containing the specific
genetic sequence desired, then inserting it into the DNA
of another gene. The resultant product is called recombi-
nant DNA and the process is genetic engineering.

There are basically two types of gene therapy.
Germ-line gene therapy introduces genes into reproduc-
tive cells (sperm and eggs) or someday possibly into
embryos in hopes of correcting genetic abnormalities
that could be passed on to future generations. Most of the
current work in applying gene therapy, however, has
been in the realm of somatic gene therapy. In this type of
gene therapy, therapeutic genes are inserted into tissue or
cells to produce a naturally occurring protein or sub-
stance that is lacking or not functioning correctly in an
individual patient.

Viral vectors

In both types of therapy, scientists need something to
transport either the entire gene or a recombinant DNA to
the cell’s nucleus, where the chromosomes and DNA
reside. In essence, vectors are molecular delivery trucks.
One of the first and most popular vectors developed were
viruses because they invade cells as part of the natural
infection process. Viruses have the potential to be excel-
lent vectors because they have a specific relationship with
the host in that they colonize certain cell types and tissues
in specific organs. As a result, vectors are chosen accord-
ing to their attraction to certain cells and areas of the body.

One of the first vectors used was retroviruses.
Because these viruses are easily cloned (artificially
reproduced) in the laboratory, scientists have studied
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Gene therapy

them extensively and learned a great deal about their bio-
logical action. They have also learned how to remove the
genetic information which governs viral replication, thus
reducing the chances of infection.

Retroviruses work best in actively dividing cells, but
cells in the body are relatively stable and do not divide
often. As a result, these cells are used primarily for ex
vivo (outside the body) manipulation. First, the cells are
removed from the patient’s body, and the virus, or vector,
carrying the gene is inserted into them. Next, the cells are
placed into a nutrient culture where they grow and repli-
cate. Once enough cells are gathered, they are returned to
the body, usually by injection into the blood stream. The-
oretically, as long as these cells survive, they will provide
the desired therapy.

Another class of viruses, called the adenoviruses,
may also prove to be good gene vectors. These viruses
can effectively infect nondividing cells in the body,
where the desired gene product is then expressed natural-
ly. In addition to being a more efficient approach to gene
transportation, these viruses, which cause respiratory
infections, are more easily purified and made stable than
retroviruses, resulting in less chance of an unwanted viral
infection. However, these viruses live for several days in
the body, and some concern surrounds the possibility of
infecting others with the viruses through sneezing or
coughing. Other viral vectors include influenza viruses,
Sindbis virus, and a herpes virus that infects nerve cells.

Scientists have also delved into nonviral vectors.
These vectors rely on the natural biological process in
which cells uptake (or gather) macromolecules. One
approach is to use liposomes, globules of fat produced by
the body and taken up by cells. Scientists are also investi-
gating the introduction of raw recombinant DNA by
injecting it into the bloodstream or placing it on micro-
scopic beads of gold shot into the skin with a “gene-
gun.” Another possible vector under development is
based on dendrimer molecules. A class of polymers (nat-
urally occurring or artificial substances that have a high
molecular weight and formed by smaller molecules of
the same or similar substances), is “constructed” in the
laboratory by combining these smaller molecules. They
have been used in manufacturing Styrofoam, polyethyl-
ene cartons, and Plexiglass. In the laboratory, dendrimers
have shown the ability to transport genetic material into
human cells. They can also be designed to form an affini-
ty for particular cell membranes by attaching to certain
sugars and protein groups.

The history of gene therapy
In the early 1970s, scientists proposed ‘“gene

surgery” for treating inherited diseases caused by faulty
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genes. The idea was to take out the disease-causing gene
and surgically implant a gene that functioned properly.
Although sound in theory, scientists, then and now, lack
the biological knowledge or technical expertise needed
to perform such a precise surgery in the human body.

However, in 1983, a group of scientists from Baylor
College of Medicine in Houston, Texas, proposed that
gene therapy could one day be a viable approach for
treating Lesch-Nyhan disease, a rare neurological disor-
der. The scientists conducted experiments in which an
enzyme-producing gene (a specific type of protein) for
correcting the disease was injected into a group of cells
for replication. The scientists theorized the cells could
then be injected into people with Lesch-Nyhan disease,
thus correcting the genetic defect that caused the disease.

As the science of genetics advanced throughout the
1980s, gene therapy gained an established foothold in the
minds of medical scientists as a promising approach to
treatments for specific diseases. One of the major reasons
for the growth of gene therapy was scientists’ increasing
ability to identify the specific genetic malfunctions that
caused inherited diseases. Interest grew as further studies
of DNA and chromosomes (where genes reside) showed
that specific genetic abnormalities in one or more genes
occurred in successive generations of certain family
members who suffered from diseases like intestinal can-
cer, manic-depression, Alzheimer’s disease, heart dis-
ease, diabetes, and many more. Although the genes may
not be the only cause of the disease in all cases, they may
make certain individuals more susceptible to developing
the disease because of environmental influences, like
smoking, pollution, and stress. In fact, some scientists
theorize that all diseases may have a genetic component.

On September 14, 1990, a four-year old girl suffering
from a genetic disorder that prevented her body from pro-
ducing a crucial enzyme became the first person to under-
go gene therapy in the United States. Because her body
could not produce adenosine deaminase (ADA), she had a
weakened immune system, making her extremely suscep-
tible to severe, life-threatening infections. W. French
Anderson and colleagues at the National Institutes of
Health’s Clinical Center in Bethesda, Maryland, took
white blood cells (which are crucial to proper immune
system functioning) from the girl, inserted ADA produc-
ing genes into them, and then transfused the cells back
into the patient. Although the young girl continued to
show an increased ability to produce ADA, debate arose
as to whether the improvement resulted from the gene
therapy or from an additional drug treatment she received.

Nevertheless, a new era of gene therapy began as
more and more scientists sought to conduct clinical trial
(testing in humans) research in this area. In that same
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year, gene therapy was tested on patients suffering from
melanoma (skin cancer). The goal was to help them pro-
duce antibodies (disease fighting substances in the
immune system) to battle the cancer.

These experiments have spawned an ever growing
number of attempts at gene therapies designed to per-
form a variety of functions in the body. For example, a
gene therapy for cystic fibrosis aims to supply a gene that
alters cells, enabling them to produce a specific protein
to battle the disease. Another approach was used for
brain cancer patients, in which the inserted gene was
designed to make the cancer cells more likely to respond
to drug treatment. Another gene therapy approach for
patients suffering from artery blockage, which can lead
to strokes, induces the growth of new blood vessels near
clogged arteries, thus ensuring normal blood circulation.

Currently, there are a host of new gene therapy
agents in clinical trials. In the United States, both nucleic
acid based (in vivo) treatments and cell-based (ex vivo)
treatments are being investigated. Nucleic acid based
gene therapy uses vectors (like viruses) to deliver modi-
fied genes to target cells. Cell-based gene therapy tech-
niques remove cells from the patient in order to genetical-
ly alter them then reintroduce them to the patient’s body.
Presently, gene therapies for the following diseases are
being developed: cystic fibrosis (using adenoviral vector),
HIV infection (cell-based), malignant melanoma (cell-
based), Duchenne muscular dystrophy (cell-based),
hemophilia B (cell-based), kidney cancer (cell-based),
Gaucher’s Disease (retroviral vector), breast cancer
(retroviral vector), and lung cancer (retroviral vector).
When a cell or individual is treated using gene therapy
and successful incorporation of engineered genes has
occurred, the cell or individual is said to be transgenic.

The medical establishment’s contribution to trans-
genic research has been supported by increased govern-
ment funding. In 1991, the U.S. government provided
$58 million for gene therapy research, with increases in
funding of $15-40 million dollars a year over the follow-
ing four years. With fierce competition over the promise
of societal benefit in addition to huge profits, large phar-
maceutical corporations have moved to the forefront of
transgenic research. In an effort to be first in developing
new therapies, and armed with billions of dollars of
research funds, such corporations are making impressive
strides toward making gene therapy a viable reality in the
treatment of once elusive diseases.

Diseases targeted for treatment by
gene therapy

The potential scope of gene therapy is enormous.
More than 4,200 diseases have been identified as result-
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Early detection of cancer. The researcher’s pen marks a
band on a DNA sequencing autoradiogram confirming a
bladder cancer. (Custom Medical Stock Photo. Reproduced by
permission.)

ing directly from abnormal genes, and countless others
that may be partially influenced by a person’s genetic
makeup. Initial research has concentrated on developing
gene therapies for diseases whose genetic origins have
been established and for other diseases that can be cured
or ameliorated by substances genes produce.

The following are examples of potential gene thera-
pies. People suffering from cystic fibrosis lack a gene
needed to produce a salt-regulating protein. This protein
regulates the flow of chloride into epithelial cells, (the
cells that line the inner and outer skin layers) which
cover the air passages of the nose and lungs. Without this
regulation, patients with cystic fibrosis build up a thick
mucus that makes them prone to lung infections. A gene
therapy technique to correct this abnormality might
employ an adenovirus to transfer a normal copy of what
scientists call the cystic fibrosis transmembrane conduc-
tance regulator, or CTRF, gene. The gene is introduced
into the patient by spraying it into the nose or lungs.

Familial hypercholesterolemia (FH) is also an inher-
ited disease, resulting in the inability to process choles-
terol properly, which leads to high levels of artery-clog-
ging fat in the blood stream. Patients with FH often suffer
heart attacks and strokes because of blocked arteries. A
gene therapy approach used to battle FH is much more
intricate than most gene therapies because it involves par-
tial surgical removal of patients’ livers (ex vivo transgene
therapy). Corrected copies of a gene that serve to reduce
cholesterol build-up are inserted into the liver sections,
which are then transplanted back into the patients.

Gene therapy has also been tested on patients with
AIDS. AIDS is caused by the human immunodeficiency
virus (HIV), which weakens the body’s immune system
to the point that sufferers are unable to fight off diseases
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Gene therapy

like pneumonias and cancer. In one approach, genes that
produce specific HIV proteins have been altered to stim-
ulate immune system functioning without causing the
negative effects that a complete HIV molecule has on the
immune system. These genes are then injected in the
patient’s blood stream. Another approach to treating
AIDS is to insert, via white blood cells, genes that have
been genetically engineered to produce a receptor that
would attract HIV and reduce its chances of replicating.

Several cancers also have the potential to be treated
with gene therapy. A therapy tested for melanoma, or
skin cancer, involves introducing a gene with an anti-
cancer protein called tumor necrosis factor (TNF) into
test tube samples of the patient’s own cancer cells, which
are then reintroduced into the patient. In brain cancer, the
approach is to insert a specific gene that increases the
cancer cells’ susceptibility to a common drug used in
fighting the disease.

Gaucher disease is an inherited disease caused by a
mutant gene that inhibits the production of an enzyme
called glucocerebrosidase. Patients with Gaucher disease
have enlarged livers and spleens and eventually their
bones deteriorate. Clinical gene therapy trials focus on
inserting the gene for producing this enzyme.

Gene therapy is also being considered as an
approach to solving a problem associated with a surgical
procedure known as balloon angioplasty. In this proce-
dure, a stent (in this case, a type of tubular scaffolding) is
used to open the clogged artery. However, in response to
the trauma of the stent insertion, the body initiates a nat-
ural healing process that produces too many cells in the
artery and results in restenosis, or reclosing of the artery.
The gene therapy approach to preventing this unwanted
side effect is to cover the outside of the stents with a sol-
uble gel. This gel contains vectors for genes that reduce
this overactive healing response.

The Human Genome Project

Although great strides have been made in gene thera-
py in a relatively short time, its potential usefulness has
been limited by lack of scientific data concerning the mul-
titude of functions that genes control in the human body.
For instance, it is now known that the vast majority of
genetic material does not store information for the creation
of proteins, but rather is involved in the control and regula-
tion of gene expression, and is, thus, much more difficult
to interpret. Even so, each individual cell in the body car-
ries thousands of genes coding for proteins, with some
estimates as high as 150,000 genes. For gene therapy to
advance to its full potential, scientists must discover the
biological role of each of these individual genes and where
the base pairs that make them up are located on DNA.
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To address this issue, the National Institutes of
Health initiated the Human Genome Project in 1990. Led
by James D. Watson (one of the co-discoverers of the
chemical makeup of DNA) the project’s 15-year goal is
to map the entire human genome (a combination of the
words gene and chromosomes). A genome map would
clearly identify the location of all genes as well as the
more than three billion base pairs that make them up.
With a precise knowledge of gene locations and func-
tions, scientists may one day be able to conquer or con-
trol diseases that have plagued humanity for centuries.

Scientists participating in the Human Genome Project
have identified an average of one new gene a day, but
many expect this rate of discovery to increase. By the year
2005, their goal is to determine the exact location of all the
genes on human DNA and the exact sequence of the base
pairs that make them up. Some of the genes identified
through this project include a gene that predisposes people
to obesity, one associated with programmed cell death
(apoptosis), a gene that guides HIV viral reproduction, and
the genes of inherited disorders like Huntington’s disease,
Lou Gehrig’s disease, and some colon and breast cancers.
In February of 2001, scientists published a rought draft of
the complete human genome. With fewer than the antici-
pated number of genes found, between 30,000 —40,000,
the consequences of this announcement are enormous.
Scientists caution however, that the initial publication is
only a draft of the human genome and much more work is
still ahead for the completion of the project. As the human
genome is completed, there will be more information
available for gene therapy research and implementation.

The future of gene therapy

Gene therapy seems elegantly simple in its concept:
supply the human body with a gene that can correct a bio-
logical malfunction that causes a disease. However, there
are many obstacles and some distinct questions concern-
ing the viability of gene therapy. For example, viral vec-
tors must be carefully controlled lest they infect the
patient with a viral disease. Some vectors, like retrovirus-
es, can also enter cells functioning properly and interfere
with the natural biological processes, possibly leading to
other diseases. Other viral vectors, like the adenoviruses,
are often recognized and destroyed by the immune system
so their therapeutic effects are short-lived. Maintaining
gene expression so it performs its role properly after vec-
tor delivery is difficult. As a result, some therapies need to
be repeated often to provide long-lasting benefits.

One of the most pressing issues, however, is gene
regulation. Genes work in concert to regulate their func-
tioning. In other words, several genes may play a part in
turning other genes on and off. For example, certain
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KEY TERMS

Cell—The smallest living units of the body which
group together to form tissues and help the body
perform specific functions.

Chromosome—A microscopic thread-like structure
found within each cell of the body and consists of a
complex of proteins and DNA. Humans have 46
chromosomes arranged into 23 pairs. Changes in
either the total number of chromosomes or their
shape and size (structure) may lead to physical or
mental abnormalities.

Clinical trial—The testing of a drug or some other
type of therapy in a specific population of patients.

Clone—A cell or organism derived through asexual
(without sex) reproduction containing the identical
genetic information of the parent cell or organism.

Deoxyribonucleic acid (DNA)—The genetic materi-
al in cells that holds the inherited instructions for
growth, development, and cellular functioning.

Embryo—The earliest stage of development of a
human infant, usually used to refer to the first eight
weeks of pregnancy. The term fetus is used from
roughly the third month of pregnancy until delivery.

Enzyme—A protein that catalyzes a biochemical
reaction or change without changing its own struc-
ture or function.

Eugenics—A social movement in which the popula-
tion of a society, country, or the world is to be
improved by controlling the passing on of heredi-
tary information through mating.

Gene—A building block of inheritance, which con-
tains the instructions for the production of a particu-
lar protein, and is made up of a molecular sequence

genes work together to stimulate cell division and
growth, but if these are not regulated, the inserted genes
could cause tumor formation and cancer. Another diffi-
culty is learning how to make the gene go into action
only when needed. For the best and safest therapeutic
effort, a specific gene should turn on, for example, when
certain levels of a protein or enzyme are low and must be
replaced. But the gene should also remain dormant when
not needed to ensure it doesn’t oversupply a substance
and disturb the body’s delicate chemical makeup.

One approach to gene regulation is to attach other
genes that detect certain biological activities and then
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found on a section of DNA. Each gene is found on a
precise location on a chromosome.

Gene transcription—The process by which genetic
information is copied from DNA to RNA, resulting
in a specific protein formation.

Genetic engineering—The manipulation of genetic
material to produce specific results in an organism.

Genetics—The study of hereditary traits passed on
through the genes.

Germ-line gene therapy—The introduction of genes
into reproductive cells or embryos to correct inher-
ited genetic defects that can cause disease.

Liposome—Fat molecule made up of layers of
lipids.

Macromolecules—A large molecule composed of
thousands of atoms.

Nitrogen—A gaseous element that makes up the
base pairs in DNA.

Nucleus—The central part of a cell that contains
most of its genetic material, including chromo-
somes and DNA.

Protein—Important building blocks of the body,
composed of amino acids, involved in the forma-
tion of body structures and controlling the basic
functions of the human body.

Somatic gene therapy—The introduction of genes
into tissue or cells to treat a genetic related disease
in an individual.

Vectors—Something used to transport genetic infor-
mation to a cell.

react as a type of automatic off-and-on switch that regu-
lates the activity of the other genes according to biologi-
cal cues. Although still in the rudimentary stages,
researchers are making headway in inhibiting some gene
functioning by using a synthetic DNA to block gene tran-
scriptions (the copying of genetic information). This
approach may have implications for gene therapy.

The ethics of gene therapy

While gene therapy holds promise as a revolutionary
approach to treating disease, ethical concerns over its use
and ramifications have been expressed by scientists and
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General adaptation syndrome

lay people alike. For example, since much needs to be
learned about how these genes actually work and their
long-term effect, is it ethical to test these therapies on
humans, where they could have a disastrous result? As
with most clinical trials concerning new therapies,
including many drugs, the patients participating in these
studies have usually not responded to more established
therapies and are often so ill the novel therapy is their
only hope for long-term survival.

Another questionable outgrowth of gene therapy is
that scientists could possibly manipulate genes to geneti-
cally control traits in human offspring that are not health
related. For example, perhaps a gene could be inserted to
ensure that a child would not be bald, a seemingly harm-
less goal. However, what if genetic manipulation was
used to alter skin color, prevent homosexuality, or ensure
good looks? If a gene is found that can enhance intelli-
gence of children who are not yet born, will everyone in
society, the rich and the poor, have access to the technol-
ogy or will it be so expensive only the elite can afford it?

The Human Genome Project, which plays such an
integral role for the future of gene therapy, also has social
repercussions. If individual genetic codes can be deter-
mined, will such information be used against people? For
example, will someone more susceptible to a disease
have to pay higher insurance premiums or be denied
health insurance altogether? Will employers discriminate
between two potential employees, one with a “healthy”
genome and the other with genetic abnormalities?

Some of these concerns can be traced back to the
eugenics movement popular in the first half of the twenti-
eth century. This genetic “philosophy” was a societal
movement that encouraged people with “positive” traits
to reproduce while those with less desirable traits were
sanctioned from having children. Eugenics was used to
pass strict immigration laws in the United States, barring
less suitable people from entering the country lest they
reduce the quality of the country’s collective gene pool.
Probably the most notorious example of eugenics in
action was the rise of Nazism in Germany, which result-
ed in the Eugenic Sterilization Law of 1933. The law
required sterilization for those suffering from certain dis-
abilities and even for some who were simply deemed
“ugly.” To ensure that this novel science is not abused,
many governments have established organizations
specifically for overseeing the development of gene ther-
apy. In the United States, the Food and Drug Administra-
tion and the National Institutes of Health requires scien-
tists to take a precise series of steps and meet stringent
requirements before approving clinical trials.

In fact, gene therapy has been immersed in more
controversy and surrounded by more scrutiny in both the
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health and ethical arena than most other technologies
(except, perhaps, for cloning) that promise to substantial-
ly change society. Despite the health and ethical ques-
tions surrounding gene therapy, the field will continue to
grow and is likely to change medicine faster than any
previous medical advancement.
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I General adaptation syndrome
Definition

General adaptation syndrome describes the body’s
short-term and long-term reaction to stress.

Description

Originally described by Hans De Solye in the 1920s,
the general adaptation syndrome describes a three stage

GALE ENCYCLOPEDIA OF MEDICINE 2



reaction to stress. Stressors in humans include physical
stressors, such as starvation, being hit by a car, or suffer-
ing through severe weather. Additionally, humans can
suffer emotional or mental stress, such as the loss of a
loved one, the inability to solve a problem, or even hav-
ing a difficult day at work.

Stage 1: Alarm reaction

The first stage of the general adaptation stage, the
alarm reaction, is the immediate reaction to a stressor. In
the initial phase of stress, humans exhibit a “fight or
flight” response, which causes one to be ready for physi-
cal activity. However, this initial response can also
decrease the effectiveness of the immune system, making
persons more susceptible to illness during this phase.

Stage 2: Stage of resistance

Stage 2 might also be named the stage of adaptation,
instead of the stage of resistance. During this phase, if
the stress continues, the body adapts to the stressors it is
exposed to. Changes at many levels take place in order to
reduce the effect of the stressor. For example, if the stres-
sor is starvation (possibly due to anorexia), the person
might experienced a reduced desire for physical activity
to conserve energy, and the absorption of nutrients from
food might be maximized.

Stage 3: Stage of exhaustion

At this stage, the stress has continued for some time.
The body’s resistance to the stress may gradually be
reduced, or may collapse quickly. Generally, this means
the immune system, and the body’s ability to resist dis-
ease, may be almost totally eliminated. Patients who
experience long-term stress may succumb to heart
attacks or severe infection due to their reduced immunity.
For example, a person with a stressful job may experi-
ence long-term stress that might lead to high blood pres-
sure and an eventual heart attack.

Stress, a useful reaction?

Although stress can lead to disease, a researcher named
Huethner has suggested that long-term stress may cause
humans to better adapt to their environment. He argues that
severe, long-term stress can cause persons to reject long-
held assumptions or behaviors, and that stress can actually
help the brain make physical changes that reflect these men-
tal or emotional changes. In short, stress might allow per-
sons to change the way they think and act for the better.

Causes and symptoms
Stress is the cause of general adaptation syndrome

and it can manifest as fatigue, irritability, difficulty con-
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KEY TERMS

Stressor—Any external stimuli that causes stress,
ranging from starvation to test-taking.

centrating, and difficulty sleeping. Persons may also
experience other symptoms that are signs of stress. Per-
sons experiencing unusual symptoms, such as hair loss,
without another medical explanation might consider
stress as the cause.

Diagnosis

Diagnosis is difficult. Some physiological changes,
such as increased cortisol levels, are characteristic of
long-term stress.

Treatment

Treatment should involve stress reduction. Stress
may be thought of as occurring in two steps. The first
step is the occurrence of the external stressor, the second
is the reaction to the external stressor. Stress reduction
strategies generally fall into three categories: avoiding
stressors, changing the reaction to the stressor(s), or
relieving stress after the reaction to the stressor(s). Many
strategies for stress reduction, such as exercising, listen-
ing to music, aromatherapy, and massage relieve stress
after it occurs. Many psychotherapeutic approaches
attempt to reduce the response of the patient to stressors.
Persons wishing to reduce stress should consult a med-
ical professional with whom they feel comfortable to dis-
cuss which option, or combination of options, they can
use to reduce stress.

Resources

PERIODICALS
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stress as a trigger for adaptive modifications of brain
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General anesthetic see Anesthesia,
general
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General surgery

I General surgery
Definition

General surgery is the treatment of injury, deformity,
and disease using operative procedures.

Purpose

General surgery is frequently performed to alleviate
suffering when a cure is unlikely through medication
alone. It can be used for routine procedures performed in
a physician’s office, such as vasectomy, or for more
complicated operations requiring a medical team in a
hospital setting, such as laparoscopic cholecystectomy
(removal of the gallbladder). Areas of the body treated by
general surgery include the stomach, liver, intestines,
appendix, breasts, thyroid gland, salivary glands, some
arteries and veins, and the skin. The brain, heart, eyes,
and feet, to name only a few, are areas that require spe-
cialized surgical repair.

New methods and techniques are less invasive than
previous practices, permitting procedures that were con-
sidered impossible in the past. For example, micro-
surgery has been used in reattaching severed body parts
by successfully reconnecting small blood vessels and
nerves.

Precautions

Patients who are obese, smoke, have bleeding ten-
dencies, or are over 60, need to follow special precau-
tions, as do patients who have recently experienced an
illness such as pneumonia or a heart attack. Patients on
medications such as heart and blood pressure medicine,
blood thinners, muscle relaxants, tranquilizers, insulin,
or sedatives, may require special lab tests prior to surgery
and special monitoring during surgery. Special precau-
tions may be necessary for patients using mind-altering
drugs such as narcotics, psychedelics, hallucinogens,
marijuana, sedatives, or cocaine since these drugs may
interact with the anesthetic agents used during surgery.

Description

In earlier times, surgery was a dangerous and dirty
practice. Until the middle of the 19th century, as many
patients died of surgery as were cured. With the discov-
ery and development of general anesthesia in the mid-
1800s, surgery became more humane. And as knowledge
about infections grew, surgery became more successful
as sterile practices were introduced into the operating
room. The last 50 years of the 20th century have seen
continued advancements.
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Types of General Surgery

General surgery experienced major advances with the
introduction of the endoscope. This is an instrument for
visualizing the interior of a body canal or a hollow organ.
Endoscopic surgery relies on this pencil-thin instrument,
capable of its own lighting system and small video cam-
era. The endoscope is inserted through tiny incisions
called portals. While viewing the procedure on a video
screen, the surgeon then operates with various other small,
precise instruments inserted through one or more of the
portals. The specific area of the body treated determines
the type of endoscopic surgery performed. For example,
colonoscopy uses an endoscope, which can be equipped
with a device for obtaining tissue samples for visual exam-
ination of the colon. Gastroscopy uses an endoscope
inserted through the mouth to examine the interior of the
stomach. Arthroscopy refers to joint surgery, and abdomi-
nal procedures are called laparoscopies.

Endoscopy is used in both treatment and diagnosis
especially involving the digestive and female reproduc-
tive systems. Endoscopy has advantages over many other
surgical procedures, resulting in a quicker recovery and
shorter hospital stay. This non-invasive technique is
being used for appendectomies, gallbladder surgery, hys-
terectomies and the repair of shoulder and knee liga-
ments. However, endoscopy does not come without limi-
tations such as complications and high operating
expense. Also, endoscopy doesn’t offer advantages over
conventional surgery in all procedures. Some literature
states that as general surgeons become more experienced
in their prospective fields, additional non-invasive
surgery will be a more common option to patients.

ONE-DAY SURGERY. One-day surgery is also termed
same-day, or outpatient surgery. Surgical procedures usu-
ally take two hours or less and involve minimal blood
loss and a short recovery time. In the majority of surgical
cases, oral medications control postoperative pain.
Cataract removal, laparoscopy, tonsillectomy, repair of
broken bones, hernia repair, and a wide range of cos-
metic procedures are common same-day surgical proce-
dures. Many individuals prefer the convenience and
atmosphere of one-day surgery centers, as there is less
competition for attention with more serious surgical
cases. These centers are accredited by the Joint Commis-
sion on Accreditation of Healthcare Organizations or the
Accreditation Association for Ambulatory Health Care.

Preparation

The preparation of patients has advanced signifi-
cantly with improved diagnostic techniques and proce-
dures. Before surgery the patient may be asked to under-
go a series of tests including blood and urine studies, x
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rays and specific heart studies if the patient’s past med-
ical history and/or physical exam warrants this testing.
Before any general surgery the physician will explain the
nature of the surgery needed, the reason for the proce-
dure, and the anticipated outcome. The risks involved
will be discussed along with the types of anesthesia uti-
lized. The expected length of recovery and limitations
imposed during the recovery period are also explained in
detail before any general surgical procedure.

Surgical procedures most often require some type of
anesthetic. Some procedures require only local anesthe-
sia, produced by injecting the anesthetic agent into the
skin near the site of the operation. The patient remains
awake with this form of medication. Injecting anesthetic
agents into a primary nerve located near the surgical site
produces block anesthesia (also known as regional anes-
thesia), which is a more extensive local anesthesia. The
patient remains conscious, but is usually sedated. Gener-
al anesthesia involves injecting anesthetic agents into the
blood stream and/or inhaling medicines through a mask
placed over the patient’s face. During general anesthesia,
the patient is asleep and an airway tube is usually placed
into the windpipe to help keep the airway open.

As part of the preoperative preparation, the patient
will receive printed educational material and may be
asked to review audio or videotapes. The patient will be
instructed to shower or bathe the evening before or morn-
ing of surgery and may be asked to scrub the operative
site with a special antibacterial soap. Instructions will also
be given to the patient to ingest nothing by mouth for a
determined period of time prior to the surgical procedure.

Aftercare

After surgery, blood studies and a laboratory exami-
nation of removed fluid or tissue are often performed
especially in the case of cancer surgery. After the opera-
tion, the patient is brought to a recovery room and vital
signs, fluid status, dressings and surgical drains are mon-
itored. Pain medications are offered and used as neces-
sary. Breathing exercises are encouraged to maximize
respiratory function and leg exercises are encouraged to
promote adequate circulation and prevent pooling of
blood in the lower extremities. Patients must have a
responsible adult accompany them home if leaving the
same day as the surgery was performed.

Risks

One of the risks involved with general surgery is the
potential for postoperative complications. These compli-
cations include—but are not limited to—pneumonia,
internal bleeding, and wound infection as well as adverse
reactions to anesthesia.

GALE ENCYCLOPEDIA OF MEDICINE 2

KEY TERMS

Appendectomy—Removal of the appendix.

Endoscope—Instrument for examining visually the
inside of a body canal or a hollow organ such as
the stomach, colon, or bladder.

Hysterectomy—Surgical removal of part or all of
the uterus.

Laparoscopic cholecystectomy—Removal of the
gallbladder using a laparoscope, a fiberoptical
instrument inserted through the abdomen.

Microsurgery—Surgery on small body structures
or cells performed with the aid of a microscope
and other specialized instruments.

Portal—An entrance or a means of entrance.

Normal results

Advances in diagnostic and surgical techniques have
increased the success rate of general surgery by many
times compared to the past. Today’s less invasive surgical
procedures have reduced the length of hospital stays,
shortened recovery time, decreased postoperative pain
and decreased the size of surgical incision. On the aver-
age, a conventional abdominal surgery requires a three to
six-day hospital stay and three to six-week recovery time.

Abnormal results

Abnormal results from general surgery include per-
sistent pain, swelling, redness, drainage or bleeding in
the surgical area and surgical wound infection resulting
in slow healing.

Resources

BOOKS

Dawson, Dawn P., ed., et al. Magill’'s Medical Guide: Health
and Illness Supplement. Pasadena, CA: Salem Press, Inc.,
1996.

Larson, David E., ed. Mayo Clinic Family Health Book. 2nd ed.
New York: William Morrow, 1996.
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American Medical Association. 515 N. State St., Chicago, IL
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“General Surgery.” ThriveOnline. 27 May 1998 <http://
thriveonline.oxygen.com>.
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Generalized anxiety disorder

I Generalized anxiety disorder
Definition

Generalized anxiety disorder is a condition charac-
terized by “free floating” anxiety or apprehension not
linked to a specific cause or situation.

Description

Some degree of fear and anxiety is perfectly normal.
In the face of real danger, fear makes people more alert
and also prepares the body to fight or flee (the so-called
“fight or flight” response). When people are afraid, their
hearts beat faster and they breathe faster in anticipation
of the physical activity that will be required of them.
However, sometimes people can become anxious even
when there is no identifiable cause, and this anxiety can
become overwhelming and very unpleasant, interfering
with their daily lives. People with debilitating anxiety are
said to be suffering from anxiety disorders, such as
phobias, panic disorders, and generalized anxiety disor-
der. The person with generalized anxiety disorder gener-
ally has chronic (officially, having more days with anxi-
ety than not for at least six months), recurrent episodes of
anxiety that can last days, weeks, or even months.

Causes and symptoms

Generalized anxiety disorder afflicts between 2—-3%
of the general population, and is slightly more common
in women than in men. It accounts for almost one-third
of cases referred to psychiatrists by general practitioners.

Generalized anxiety disorder may result from a
combination of causes. Some people are genetically pre-
disposed to developing it. Psychological traumas that
occur during childhood, such as prolonged separation
from parents, may make people more vulnerable as well.
Stressful life events, such as a move, a major job change,
the loss of a loved one, or a divorce, can trigger or con-
tribute to the anxiety.

Psychologically, the person with generalized anxiety
disorder may develop a sense of dread for no apparent
reason—the irrational feeling that some nameless cata-
strophe is about to happen. Physical symptoms similar to
those found with panic disorder may be present,
although not as severe. They may include trembling,
sweating, heart palpitations (the feeling of the heart
pounding in the chest), nausea, and “butterflies in the
stomach.”

According to the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition, a person must have at
least three of the following symptoms, with some being
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present more days than not for at least six months, in
order to be diagnosed with generalized anxiety disorder:

« restlessness or feeling on edge
* being easily fatigued

« difficulty concentrating

« irritability

* muscle tension

« sleep disturbance

While generalized anxiety disorder is not complete-
ly debilitating, it can compromise a person’s effective-
ness and quality of life.

Diagnosis

Anyone with chronic anxiety for no apparent reason
should see a physician. The physician may diagnose the
condition based on the patient’s description of the physi-
cal and emotional symptoms. The doctor will also try to
rule out other medical conditions that may be causing the
symptoms, such as excessive caffeine use, thyroid dis-
ease, hypoglycemia, cardiac problems, or drug or alcohol
withdrawal. Psychological conditions, such as depressive
disorder with anxiety, will also need to be ruled out.

Since generalized anxiety disorder often co-occurs
with mood disorders and substance abuse, the clinician
may have to treat these conditions as well, and therefore
must consider them in making the diagnosis.

Treatment

Over the short term, a group of tranquilizers called
benzodiazepines, such as clonazepam (Klonipin) may
help ease the symptoms of generalized anxiety disorder.
Sometimes antidepressant drugs, such as amitryptiline
(Elavil), or selective serotonin reuptake inhibitors
(SSRIs), such as fluoxetine (Prozac) or sertraline (Zoloft),
are also used.

Psychotherapy can be effective in treating general-
ized anxiety disorder. The therapy may take many forms.
In some cases, psychodynamically-oriented psychothera-
py can help patients work through this anxiety and solve
problems in their lives. Cognitive behavioral therapy aims
to reshape the way people perceive and react to potential
stressors in their lives. Relaxation techniques have also
been used in treatment, as well as in prevention efforts.

Prognosis

When properly treated, most patients with general-
ized anxiety disorder experience improvement in their
symptoms.
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Cognitive behavioral therapy—A psychotherapeu-
tic approach that aims at altering cognitions—
including thoughts, beliefs, and images—as a way
of altering behavior.

Prevention

While preventive measures have not been estab-
lished, a number of techniques may help manage anxiety,
such as relaxation techniques, breathing exercises, and
distraction—putting the anxiety out of one’s mind by
focusing thoughts on something else.

Resources

BOOKS

Diagnostic and Statistical Manual of Mental Disorders. 4th ed.
Washington, DC: American Psychiatric Association,
1994.

Hallowell, Edward M. Worry: Controlling It and Using It Wise-
ly. New York: Pantheon Books, 1997.

PERIODICALS
Hale, Anthony S. “ABC of Mental Health.” British Medical
Journal 314 (28 June 1997): 1886-89.
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American Psychiatric Association. 1400 K Street NW, Washing-
ton DC 20005. (888) 357-7924. <http://www.psych.org>.

Anxiety Disorders Association of America. 11900 Park Lawn
Drive, Ste. 100, Rockville, MD 20852. (800) 545-7367.
<http://www.adaa.org>.

National Institute of Mental Health. Mental Health Public
Inquiries, 5600 Fishers Lane, Room 15C-05, Rockville,
MD 20857. (888) 826-9438. <http://www.nimh.nih.gov>.

Robert Scott Dinsmoor

I Genetic counseling
Definition

Genetic counseling aims to facilitate the exchange of
information regarding a person’s genetic legacy. It
attempts to:

« accurately diagnose a disorder

« assess the risk of recurrence in the concerned family
members and their relatives

« provide alternatives for decision-making
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« provide support groups that will help family members
cope with the recurrence of a disorder

Purpose

Genetic counselors work with people concerned
about the risk of an inherited disease. The counselor does
not prevent the incidence of a disease in a family, but can
help family members assess the risk for certain heredi-
tary diseases and offer guidance. Many couples seek
genetic counseling because there is a family history of
known genetic disorders, infertility, miscarriage, still
births, or early infant mortality. Other reasons for partici-
pating in genetic counseling may be the influences of a
job or lifestyle that exposes a potential parent to health
risks such as radiation, chemicals, or drugs. Any family
history of mental retardation can be of concern as is a
strong family history of heart disease at an early age.
Recent statistics show a 3% chance of delivering a baby
with birth defects. An additional 2% chance of having a
baby with Down syndrome is present for women in their
late thirties and older.

Precautions

Amniocentesis, one of the specific tests used to
gather information for genetic counseling, is best per-
formed between weeks 15 and 17 of a pregnancy and an
additional one to four weeks may be required to culture
skin cells and analyze them. Thus, these test data are not
available to assist prospective parents in decision-making
until the second trimester of the pregnancy. Individuals
who participate in genetic counseling and associated test-
ing also must be aware that there are no cures or treat-
ments for some of the disorders that may be identified.

Description

With approximately 2,000 genes identified and
approximately 5,000 disorders caused by genetic defects,
genetic counseling is important in the medical discipline
of obstetrics. Genetic counselors, educated in the med-
ical and the psychosocial aspects of genetic diseases,
convey complex information to help people make life
decisions. There are limitations to the power of genetic
counseling, though, since many of the diseases that have
been shown to have a genetic basis currently offer no
cure (for example, Down syndrome or Huntington’s dis-
ease). Although a genetic counselor cannot predict the
future unequivocally, he or she can discuss the occur-
rence of a disease in terms of probability.

A genetic counselor, with the aid of the patient or
family, creates a detailed family pedigree that includes
the incidence of disease in first-degree (parents, siblings,
and children) and second-degree (aunts, uncles, and
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KEY TERMS

Sickle-cell anemia—A chronic, inherited blood
disorder characterized by crescent-shaped red
blood cells. It occurs primarily in people of
African descent, and produces symptoms includ-
ing episodic pain in the joints, fever, leg ulcers,
and jaundice.

Tay-Sachs disease—A hereditary disease affecting
young children of eastern European Jewish
descent. This disease is caused by an enzyme defi-
ciency leading to the accumulation of gangliosides
(galactose-containing cerebrosides) found in the
surface membranes of nerve cells in the brain and
nerve tissue. This deficiency results in mental retar-
dation, convulsions, blindness, and, finally, death.

Thalassemia—An inherited group of anemias
occurring primarily among people of Mediter-
ranean descent. It is caused by defective formation
of part of the hemoglobin molecule.

grandparents) relatives. Before or after this pedigree is
completed, certain genetic tests are performed using
DNA analysis, x ray, ultrasound, urine analysis, skin
biopsy, and physical evaluation. For a pregnant woman,
prenatal diagnosis can be made using amniocentesis or
chorionic villus sampling.

Family pedigree

An important aspect of the genetic counseling ses-
sion is the compilation of a family pedigree or medical
history. To accurately assess the risk of inherited dis-
eases, information on three generations, including health
status and/or cause of death, is usually needed. If the
family history is complicated information from more dis-
tant relatives may be helpful, and medical records may
be requested for any family members who have had a
genetic disorder. Through an examination of the family
history a counselor may be able to discuss the probability
of future occurrence of genetic disorders. In all cases, the
counselor provides information in a non-directive way
that leaves the decision-making up to the client.

Screening tests

Screening blood tests help identify individuals who
carry genes for recessive genetic disorders. Screening
tests are usually only done if:

» The disease is lethal or causes severe handicaps or dis-
abilities
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* The person is likely to be a carrier due to family pedi-
gree or membership in an at-risk ethnic, geographic or
racial group

« The disorder can be treated or reproductive options
exist

» A reliable test is available.

Genetic disorders such as Tay-Sachs disease, sick-
le-cell anemia, and thalassemia meet these criteria, and
screening tests are commonly done to identify carriers of
these diseases. In addition, screening tests may be done
for individuals with family histories of Huntington’s dis-
ease (a degenerative neurological disease) or hemophilia
(a bleeding disorder). Such screening tests can eliminate
the need for more invasive tests during a pregnancy.

Another screening test commonly used in the United
States in the alpha-fetoprotein (AFP) test. This test is
done on a sample of maternal blood around week 16 of a
pregnancy. An elevation in the serum AFP level indicates
that the fetus may have certain birth defects such as neur-
al tube defects (including spina bifida and anencephaly).
If the test yields an elevated result, it may be run again
after seven days. If the level is still elevated after repeat
testing, additional diagnostic tests (e.g. ultrasound and/or
amniocentesis) are done in an attempt to identify the spe-
cific birth defect present.

Ultrasound

Ultrasound is a noninvasive procedure which uses
sound waves to produce a reflected image of the fetus
upon a screen. It is used to determine the age and posi-
tion of the fetus, and the location of the placenta. Ultra-
sound is also useful in detecting visible birth defects such
as spina bifida (a defect in the development of the verte-
brae of the spinal column and/or the spinal cord). It is
also useful for detecting heart defects, and malforma-
tions of the head, face, body, and limbs. This procedure,
however, cannot detect biochemical or chromosomal
alterations in the fetus.

Amniocentesis

Amniocentesis is useful in determining genetic and
developmental disorders not detectable by ultrasound.
This procedure involves the insertion of a needle through
the abdomen and into the uterus of a pregnant woman. A
sample of amniotic fluid is withdrawn containing skin
cells that have been shed by the fetus. The sample is sent
to a laboratory where fetal cells contained in the fluid are
isolated and grown in order to provide enough genetic
material for testing. This takes about seven to 14 days.
The material is then extracted and treated so that visual
examination for defects can be made. For some disor-
ders, like Tay-Sachs disease, the simple presence of a
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telltale chemical compound in the amniotic fluid is
enough to confirm a diagnosis.

Chorionic villus sampling

Chorionic villus sampling involves the removal of a
small amount of tissue directly from the chorionic villi
(minute vascular projections of the fetal chorion that
combine with maternal uterine tissue to form the placen-
ta). In the laboratory, the chromosomes of the fetal cells
are analyzed for number and type. Extra chromosomes,
such as are present in Down syndrome, can be identified.
Additional laboratory tests can be performed to look for
specific disorders and the results are usually available
within a week after the sample is taken. The primary ben-
efit of this procedure is that it is usually performed
between weeks 10 and 12 of a pregnancy, allowing earli-
er detection of fetal disorders.

Preparation

Genetic diagnosis requires that a couple share infor-
mation about inherited disorders in their background
with the genetic counselor, including details of any
genetic diseases in either family. A couple undergoing
genetic counseling also reports any past miscarriages and
discusses the possibility of exposure to chemicals, radia-
tion (including x rays), or other occupational environ-
mental hazards. The couple also needs to disclose infor-
mation about personal habits before or during pregnancy
such as drug or alcohol abuse and the use of prescription
or over-the-counter drugs taken by the mother since the
beginning of pregnancy. The genetic counselor explains
the procedures used in any testing that will be done and
describes what each test can and cannot reveal.

Aftercare

Genetic counseling provides couples with information
that can help them make decisions about future pregnan-
cies. It also gives couples additional time to emotionally
prepare if a disorder is detected in the fetus. The counselor
discusses the results of any testing and informs the couple
if a problem is apparent. The doctor or genetic counselor
also discusses the treatment options available. Genetic
counseling is done in a non-directive way, so that any treat-
ment selected remains the personal choice of the individu-
als involved. Genetic counseling can provide information
essential for family planning and pregnancy management,
thus maximizing the chances of a positive outcome.

Risks

Because prenatal testing, such as amniocentesis and
chorionic villus sampling, is invasive and carries a 1%
risk of miscarriage it should never be considered routine.

GALE ENCYCLOPEDIA OF MEDICINE 2

Normal results

Screening tests and/or prenatal tests reveal no birth
defects or genetic abnormalities.

Abnormal results

A birth defect or genetic disorder is detected. The
early diagnosis of birth defects and genetic disorders
allows a greater number of treatment options. Some dis-
orders can be treated in utero (before birth while the fetus
is still in the uterus), while others may require early
delivery, immediate surgery, or cesarean section to min-
imize fetal trauma. Prior warning of fetal difficulties
allows parents time to prepare emotionally for the birth
of the child. In some instances, termination of the preg-
nancy may be chosen. Whatever the test results, this
information is essential for family planning and pregnan-
Cy management.

Resources
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Genetic studies see Genetic testing

I Genetic testing
Definition

A genetic test examines the genetic information con-
tained inside a person’s cells, called DNA, to determine
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if that person has or will develop a certain disease or
could pass a disease to his or her offspring. Genetic tests
also determine whether or not couples are at a higher risk
than the general population for having a child affected
with a genetic disorder.

Purpose

Some families or ethnic groups have a higher inci-
dence of a certain disease than does the population as a
whole. For example, individuals from Eastern European,
Ashkenazi Jewish descent are at higher risk for carrying
genes for rare conditions that occur much less frequently
in populations from other parts of the world. Before hav-
ing a child, a couple from such a family or ethnic group
may want to know if their child would be at risk of hav-
ing that disease. Genetic testing for this type of purpose
is called genetic screening.

During pregnancy, the baby’s cells can be studied
for certain genetic disorders or chromosomal problems
such as Down syndrome. Chromosome testing is most
commonly offered when the mother is 35 years or older
at the time of delivery. When there is a family medical
history of a genetic disease or there are individuals in a
family affected with developmental and physical
delays, genetic testing may also be offered during preg-
nancy. Genetic testing during pregnancy is called pre-
natal diagnosis.

Prior to becoming pregnant, couples who are having
difficulty conceiving a child or who have suffered multi-
ple miscarriages may be tested to see if a genetic cause
can be identified.

A genetic disease may be diagnosed at birth by
doing a physical evaluation of the baby and observing
characteristics of the disorder. Genetic testing can help to
confirm the diagnosis made by the physical evaluation.
In addition, genetic testing is used routinely on all new-
borns to screen for certain genetic diseases which can
affect a newborn baby’s health shortly after birth.

There are several genetic diseases and conditions in
which the symptoms do not occur until adulthood. One
such example is Huntington’s disease. This is a serious
disorder affecting the way in which individuals walk,
talk and function on a daily basis. Genetic testing may be
able to determine if someone at risk for the disease will
in fact develop the disease.

Some genetic defects may make a person more sus-
ceptible to certain types of cancer. Testing for these
defects can help predict a person’s risk. Other types of
genetic tests help diagnose and predict and monitor the
course of certain kinds of cancer, particularly leukemia
and lymphoma.
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Precautions

Because genetic testing is not always accurate and
because there are many concerns surrounding insurance
and employment discrimination for the individual receiv-
ing a genetic test, genetic counseling should always be
performed prior to genetic testing. A genetic counselor is
an individual with a master’s degree in genetic counsel-
ing. A medical geneticist is a physician specializing and
board certified in genetics.

A genetic counselor reviews the person’s family his-
tory and medical records and the reason for the test. The
counselor explains the likelihood that the test will detect
all possible causes of the disease in question (known as
the sensitivity of the test), and the likelihood that the dis-
ease will develop if the test is positive (known as the pos-
itive predictive value of the test).

Learning about the disease in question, the benefits
and risks of both a positive and a negative result, and
what treatment choices are available if the result is posi-
tive, will help prepare the person undergoing testing.
During the genetic counseling session, the individual
interested in genetic testing will be asked to consider
how the test results will affect his or her life, family, and
future decisions.

After this discussion, the person should have the
opportunity to indicate in writing that he or she gave
informed consent to have the test performed, verifying
that the counselor provided complete and understandable
information.

Description
Genes and chromosomes

Deoxyribonucleic acid (DNA) is a long molecule
made up of two strands of genetic material coiled around
each other in a unique double helix structure. This struc-
ture was discovered in 1953 by Francis Crick and James
Watson.

DNA is found in the nucleus, or center, of most cells
(Some cells, such as a red blood cell, don’t have a nucle-
us). Each person’s DNA is a unique blueprint, giving
instructions for a person’s physical traits, such as eye
color, hair texture, height, and susceptibility to disease.
DNA is organized into structures called chromosomes.

The instructions are contained in DNA’s long strands
as a code spelled out by pairs of bases, which are four
chemicals that make up DNA. The bases occur as pairs
because a base on one strand lines up with and is bound
to a corresponding base on the other strand. The order of
these bases form DNA’s code. The order of the bases on a
DNA strand is important to ensuring that we are not
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affected with any genetic diseases. When the bases are
out of order, or missing, then often times, our cells do not
produce important proteins which can lead to a genetic
disorder. While our genes are found in every cell of our
body, not every gene is functioning all of the time. Some
genes are turned on during critical points in development
and then remain silent for the rest of our lives. While
other genes remain active all of our lives so that our cells
can produce important proteins that help us digest food
properly or fight off the common cold.

The specific order of the base pairs on a strand of
DNA is important in order for the correct protein to be
produced. A grouping of three base pairs on the DNA
strand is called a codon. Each codon, or three base pairs,
comes together to spell a word. A string of many codons
together can be thought of as a series of words all coming
together to make a sentence. This sentence is what
instructs our cells to make a protein that helps our bodies
function properly.

Our DNA strands containing a hundred to several
thousand copies of genes are found on structures
called chromosomes. Each cell typically has 46 chro-
mosomes arranged into 23 pairs. Each parent con-
tributes one chromosome to each pair. The first 22
pairs are called autosomal chromosomes, or non-sex
chromosomes and are assigned a number from 1-22.
The last pair are the sex chromosomes and include the
X and the Y chromosomes. If a child receives an X
chromosome from each parent, the child is female. If a
child receives an X from the mother, and a 'Y from the
father, the child is male.

Just as each parent contributes one chromosome to
each pair, so each parent contributes one gene from each
chromosome. The pair of genes produces a specific trait
in the child. In autosomal dominant conditions, it takes
only one copy of a gene to influence a specific trait. The
stronger gene is called dominant; the weaker gene, reces-
sive. Two copies of a recessive gene are needed to con-
trol a trait while only one copy of a dominant gene is
needed. Our sex chromosomes, the X and the Y also con-
tain important genes. Some genetic diseases are caused
by missing, or altered genes on one of the sex chromo-
somes. Males are most often affected by sex chromo-
some diseases when they inherit an X chromosome with
missing or mutated genes from their mother.

TYPES OF GENETIC MUTATIONS. Genetic disease
results from a change, or mutation, in a chromosome or
in one or several base pairs on a gene. Some of us inherit
these mutations from our parents, called hereditary or
germline mutations, while other mutations can occur
spontaneously, or for the first time in an affected child.
For many of the adult on-set diseases, genetic mutations
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A scientist examines a DNA sequencing autoradiogram on a
light box. (Photo Researchers, Inc. Reproduced by permission.)

can occur over the lifetime of the individual. This is
called acquired or somatic mutations and these occur
while the cells are making copies of themselves or divid-
ing in two. There may be some environmental effects,
such as radiation or other chemicals, which can con-
tribute to these types of mutations as well.

There are a variety of different types of mutations
that can occur in our genetic code to cause a disease. And
for each genetic disease, there may be more than one
type of mutation to cause the disease. For some genetic
diseases, the same mutation occurs in every individual
affected with the disease. For example, the most common
form of dwarfism, called achondroplasia, occurs
because of a single base pair substitution. This same
mutation occurs in all individuals affected with the dis-
ease. Other genetic diseases are caused by different types
of genetic mutations that may occur anywhere along the
length of a gene. For example, cystic fibrosis, the most
common genetic disease in the caucasian population is
caused by over hundreds of different mutations along the
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gene. Individual families may carry the same mutation as
each other, but not as the rest of the population affected
with the same genetic disease.

Some genetic diseases occur as a result of a larger
mutation which can occur when the chromosome itself is
either rearranged or altered or when a baby is born with
more than the expected number of chromosomes. There
are only a few types of chromosome rearrangements
which are possibly hereditary, or passed on from the
mother or the father. The majority of chromosome alter-
ations where the baby is born with too many chromo-
somes or missing a chromosome, occurs sporadically or
for the first time with a new baby.

The type of mutation that causes a genetic disease
will determine the type of genetic test to be performed.
In some situations, more than one type of genetic test
will be performed to arrive at a diagnosis. The cost of
genetic tests vary: chromosome studies can cost hun-
dreds of dollars and certain gene studies, thousands.
Insurance coverage also varies with the company and the
policy. It may take several days or several weeks to com-
plete a test. Research testing where the exact location of
a gene has not yet been identified, can take several
months to years for results.

Types of Genetic Testing
Direct DNA mutation analysis

Direct DNA sequencing examines the direct base
pair sequence of a gene for specific gene mutations.
Some genes contain more than 100,000 bases and a
mutation of any one base can make the gene nonfunc-
tional and cause disease. The more mutations possible,
the less likely it is for a test to detect all of them. This test
is usually done on white blood cells from a person’s
blood but can also be performed on other tissues. There
are different ways in which to perform direct DNA muta-
tion analysis. When the specific genetic mutation is
known, it is possible to perform a complete analysis of
the genetic code, also called direct sequencing. There are
several different lab techniques used to test for a direct
mutation. One common approach begins by using chemi-
cals to separate DNA from the rest of the cell. Next, the
two strands of DNA are separated by heating. Special
enzymes (called restriction enzymes) are added to the
single strands of DNA and then act like scissors and cut
the strands in specific places. The DNA fragments are
then sorted by size through a process called electrophore-
sis. A special piece of DNA, called a probe, is added to
the fragments. The probe is designed to bind to specific
mutated portions of the gene. When bound to the probe,
the mutated portions appear on x-ray film with a distinct
banding pattern.
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Indirect DNA Testing

Family linkage studies are done to study a disease
when the exact type and location of the genetic alter-
ation is not known, but the general location on the chro-
mosome has been identified. These studies are possible
when a chromosome marker has been found associated
with a disease. Chromosomes contain certain regions
that vary in appearance between individuals. These
regions are called polymorphisms and do not cause a
genetic disease to occur. If a polymorphism is always
present in family members with the same genetic dis-
ease, and absent in family members without the disease,
it is likely that the gene responsible for the disease is
near that polymorphism. The gene mutation can be indi-
rectly detected in family members by looking for the
polymorphism.

To look for the polymorphism, DNA is isolated from
cells in the same way it is for direct DNA mutation
analysis. A probe is added that will detect the large poly-
morphism on the chromosome. When bound to the
probe, this region will appear on x-ray film with a dis-
tinct banding pattern. The pattern of banding of a person
being tested for the disease is compared to the pattern
from a family member affected by the disease.

Linkage studies have disadvantages not found in
direct DNA mutation analysis. These studies require
multiple family members to participate in the testing. If
key family members choose not to participate, the
incomplete family history may make testing other mem-
bers useless. The indirect method of detecting a mutated
gene also causes more opportunity for error.

Chromosome analysis

Various genetic syndromes are caused by structural
chromosome abnormalities. To analyze a person’s chro-
mosomes, his or her cells are allowed to grow and multi-
ply in the laboratory until they reach a certain stage of
growth. The length of growing time varies with the type of
cells. Cells from blood and bone marrow take one to two
days; fetal cells from amniotic fluid take seven to 10 days.

When the cells are ready, they are placed on a micro-
scope slide using a technique to make them burst open,
spreading their chromosomes. The slides are stained: the
stain creates a banding pattern unique to each chromo-
some. Under a microscope, the chromosomes are count-
ed, identified, and analyzed based on their size, shape,
and stained appearance.

A karyotype is the final step in the chromosome
analysis. After the chromosomes are counted, a photo-
graph is taken of the chromosomes from one or more
cells as seen through the microscope. Then the chromo-
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KEY TERMS

Autosomal disease—A disease caused by a gene
located on an autosomal chromosome.

Carrier—A person who possesses a gene for an
abnormal trait without showing signs of the disor-
der. The person may pass the abnormal gene on to
offspring.

Chromosome—A microscopic thread-like structure
found within each cell of the body and consists of a
complex of proteins and DNA. Humans have 46
chromosomes arranged into 23 pairs. Changes in
either the total number of chromosomes or their
shape and size (structure) may lead to physical or
mental abnormalities.

Deoxyribonucleic acid (DNA)—The genetic materi-
al in cells that holds the inherited instructions for
growth, development, and cellular functioning.

Dominant gene—A gene, whose presence as a sin-
gle copy, controls the expression of a trait.

Enzyme—A protein that catalyzes a biochemical
reaction or change without changing its own struc-
ture or function.

Gene—A building block of inheritance, which con-
tains the instructions for the production of a particu-
lar protein, and is made up of a molecular sequence

somes are cut out and arranged side-by-side with their
partner in ascending numerical order, from largest to
smallest. The karyotype is done either manually or using
a computer attached to the microscope. Chromosome
analysis is also called cytogenetics.

Applications for Genetic Testing
Newborn screening

Genetic testing is used most often for newborn
screening. Every year, millions of newborn babies have
their blood samples tested for potentially serious genetic
diseases.

Carrier testing

An individual who has a gene associated with a dis-
ease but never exhibits any symptoms of the disease is
called a carrier. A carrier is a person who is not affected
by the mutated gene he or she possesses, but can pass the
gene to an offspring. Genetic tests have been developed
that tell prospective parents whether or not they are carri-
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found on a section of DNA. Each gene is found on a
precise location on a chromosome.

Karyotype—A standard arrangement of photo-
graphic or computer-generated images of chromo-
some pairs from a cell in ascending numerical
order, from largest to smallest.

Mutation—A permanent change in the genetic
material that may alter a trait or characteristic of an
individual, or manifest as disease, and can be trans-
mitted to offspring.

Positive predictive value (PPV)—The probability
that a person with a positive test result has, or will
get, the disease.

Recessive gene—A type of gene that is not
expressed as a trait unless inherited by both parents.

Sensitivity—The proportion of people with a dis-
ease who are correctly diagnosed (test positive
based on diagnostic criteria). The higher the sensi-
tivity of a test or diagnostic criteria, the lower the
rate of ‘false negatives,’ people who have a disease
but are not identified through the test.

Sex-linked disorder—A disorder caused by a gene
located on a sex chromosome, usually the X chro-
mosome.

ers of certain diseases. If one or both parents are a carrier,
the risk of passing the disease to a child can be predicted.

To predict the risk, it is necessary to know if the gene
in question is autosomal or sex-linked. If the gene is carried
on any one of chromosomes 1-22, the resulting disease is
called an autosomal disease. If the gene is carried on the X
or Y chromosome, it is called a sex-linked disease.

Sex-linked diseases, such as the bleeding condition
hemophilia, are usually carried on the X chromosome. A
woman who carries a disease-associated mutated gene on
one of her X chromosomes, has a 50% chance of passing
that gene to her son. A son who inherits that gene will
develop the disease because he does not have another
normal copy of the gene on a second X chromosome to
compensate for the mutated copy. A daughter who inher-
its the disease associated mutated gene from her mother,
on one of her X chromosomes will be at risk for having a
son affected with the disease.

The risk of passing an autosomal disease to a child
depends on whether the gene is dominant or recessive. A
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prospective parent carrying a dominant gene, has a 50%
chance of passing the gene to a child. A child needs to
receive only one copy of the mutated gene to be affected
by the disease.

If the gene is recessive, a child needs to receive two
copies of the mutated gene, one from each parent, to be
affected by the disease. When both prospective parents
are carriers, their child has a 25% chance of inheriting
two copies of the mutated gene and being affected by the
disease; a 50% chance of inheriting one copy of the
mutated gene, and being a carrier of the disease but not
affected; and a 25% chance of inheriting two normal
genes. When only one prospective parent is a carrier, a
child has a 50% chance of inheriting one mutated gene
and being an unaffected carrier of the disease, and a 50%
chance of inheriting two normal genes.

Cystic fibrosis is a disease that affects the lungs and
pancreas and is discovered in early childhood. It is the
most common autosomal recessive genetic disease found
in the caucasian population: one in 25 people of Northern
European ancestry are carriers of a mutated cystic fibro-
sis gene. The gene, located on chromosome 7, was iden-
tified in 1989.

The gene mutation for cystic fibrosis is detected by a
direct DNA test. Over 600 mutations of the cystic fibro-
sis gene have been found; each of these mutations cause
the same disease. Tests are available for the most com-
mon mutations. Tests that check for the 86 of the most
common mutations in the Caucasian population will
detect 90% of carriers for cystic fibrosis. (The percentage
of mutations detected varies according to the individual’s
ethnic background). If a person tests negative, it is likely,
but not guaranteed that he or she does not have the gene.
Both prospective parents must be carriers of the gene to
have a child with cystic fibrosis.

Tay-Sachs disease, also autosomal recessive, affects
children primarily of Ashkenazi Jewish descent. Children
with this disease die between the ages of two and five. This
disease was previously detected by looking for a missing
enzyme. The mutated gene has now been identified and can
be detected using direct DNA mutation analysis.

Presymptomatic testing

Not all genetic diseases show their effect immediate-
ly at birth or early in childhood. Although the gene muta-
tion is present at birth, some diseases do-not appear until
adulthood. If a specific mutated gene responsible for a
late-onset disease has been identified, a person from an
affected family can be tested before symptoms appear.

Huntington’s disease is one example of a late-onset
autosomal dominant disease. Its symptoms of mental con-

1436

fusion and abnormal body movements do not appear until
middle to late adulthood. The chromosome location of the
gene responsible for Huntington’s chorea was located in
1983 after studying the DNA from a large Venezuelan
family affected by the disease. Ten years later the gene
was identified. A test is now available to detect the pres-
ence of the expanded base pair sequence responsible for
causing the disease. The presence of this expanded
sequence means the person will develop the disease.

Another late onset disease, Alzheimer’s does not
have as well a understood genetic cause as Huntington’s
disease. The specific genetic cause of Alzheimer’s dis-
ease is not as clear. Although many cases appear to be
inherited in an autosomal dominant pattern, many cases
exist as single incidents in a family. Like Huntington’s,
symptoms of mental deterioration first appear in adult-
hood. Genetic research has found an association between
this disease and genes on four different chromosomes.
The validity of looking for these genes in a person with-
out symptoms or without family history of the disease is
still being studied.

CANCER SUSCEPTIBILITY TESTING. Cancer can result
from an inherited (germline) mutated gene or a gene that
mutated sometime during a person’s lifetime (acquired
mutation). Some genes, called tumor suppressor genes,
produce proteins that protect the body from cancer. If
one of these genes develops a mutation, it is unable to
produce the protective protein. If the second copy of the
gene is normal, its action may be sufficient to continue
production, but if that gene later also develops a muta-
tion, the person is vulnerable to cancer. Other genes,
called oncogenes, are involved in the normal growth of
cells. A mutation in an oncogene can cause too much
growth, the beginning of cancer.

Direct DNA tests are currently available to look for
gene mutations identified and linked to several kinds of
cancer. People with a family history of these cancers are
those most likely to be tested. If one of these mutated
genes is found, the person is more susceptible to devel-
oping the cancer. The likelihood that the person will
develop the cancer, even with the mutated gene, is not
always known because other genetic and environmental
factors are also involved in the development of cancer.

Cancer susceptibility tests are most useful when a
positive test result can be followed with clear treatment
options. In families with familial polyposis of the colon,
testing a child for a mutated APC gene can reveal
whether or not the child needs frequent monitoring for
the disease. In families with potentially fatal familial
medullary thyroid cancer or multiple endocrine neopla-
sia type 2, finding a mutated RET gene in a child pro-
vides the opportunity for that child to have preventive
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removal of the thyroid gland. In the same way, MSH1
and MSH2 mutations can reveal which members in an
affected family are vulnerable to familiar colorectal can-
cer and would benefit from aggressive monitoring.

In 1994, a mutation linked to early-onset familial
breast and ovarian cancer was identified. BRCA1 is locat-
ed on chromosome 17. Women with a mutated form of this
gene have an increased risk of developing breast and ovari-
an cancer. A second related gene, BRCA2, was later dis-
covered. Located on chromosome 13, it also carries
increased risk of breast and ovarian cancer. Although both
genes are rare in the general population, they are slightly
more common in women of Ashkenazi Jewish descent.

‘When a woman is found to have a mutation of one of
these genes, the likelihood that she will get breast or
ovarian cancer increases, but not to 100%. Other genetic
and environmental factors influence the outcome.

Testing for these genes is most valuable in families
where a mutation has already been found. BRCA1 and
BRCAZ2 are large genes; BRCA1 includes 100,000 bases.
More than 120 mutations to this gene have been discov-
ered, but a mutation could occur in any one of the bases.
Studies show tests for these genes may miss 30% of
existing mutations. The rate of missed mutations, the
unknown disease likelihood in spite of a positive result,
and the lack of a clear preventive response to a positive
result, make the value of this test for the general popula-
tion uncertain.

Prenatal and postnatal chromosome analysis

Chromosome analysis can be done on fetal cells pri-
marily when the mother is age 35 or older at the time of
delivery, experienced multiple miscarriages, or reports a
family history of a genetic abnormality. Prenatal testing
is done on the fetal cells from a chorionic villi sampling
(from the baby’s developing placenta) at 9—12 weeks or
from the amniotic fluid (the fluid surrounding the baby)
at 15-22 weeks of pregnancy. Cells from amniotic fluid
grow for seven to 10 days before they are ready to be
analyzed. Chorionic villi cells have the potential to grow
faster and can be analyzed sooner.

Chromosome analysis using blood cells is done on a
child who is born with or later develops signs of mental
retardation or physical malformation. In the older child,
chromosome analysis may be done to investigate devel-
opmental delays.

Extra or missing chromosomes cause mental and
physical abnormalities. A child born with an extra chro-
mosome 21 (trisomy 21) has Down syndrome. An extra
chromosome 13 or 18 also produce well known syn-
dromes. A missing X chromosome causes Turner syn-
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drome and an extra X in a male causes Klinefelter syn-
drome. Other abnormalities are caused by extra or miss-
ing pieces of chromosomes. Fragile X syndrome is a
sex-linked disease, causing mental retardation in males.

Chromosome material may also be rearranged, such
as the end of chromosome 1 moved to the end of chro-
mosome 3.This is called a chromosomal translocation. If
no material is added or deleted in the exchange, the per-
son may not be affected. Such an exchange, however, can
cause infertility or abnormalities if passed to children.

Evaluation of a man and woman’s infertility or
repeated miscarriages will include blood studies of both
to check for a chromosome translocation. Many chromo-
some abnormalities are incompatible with life; babies
with these abnormalities often miscarrry during the first
trimester. Cells from a baby that died before birth can be
studied to look for chromosome abnormalities that may
have caused the death.

Cancer diagnosis and prognosis

Certain cancers, particularly leukemia and lym-
phoma, are associated with changes in chromosomes:
extra or missing complete chromosomes, extra or miss-
ing portions of chromosomes, or exchanges of material
(translocations) between chromosomes. Studies show
that the locations of the chromosome breaks are at loca-
tions of tumor suppressor genes or oncogenes.

Chromosome analysis on cells from blood, bone
marrow, or solid tumor helps diagnose certain kinds of
leukemia and lymphoma and often helps predict how
well the person will respond to treatment. After treatment
has begun, periodic monitoring of these chromosome
changes in the blood and bone marrow gives the physi-
cian information as to the effectiveness of the treatment.

A well-known chromosome rearrangement is found
in chronic myelogenous leukemia. This leukemia is asso-
ciated with an exchange of material between chromo-
somes 9 and 22. The resulting smaller chromosome 22 is
called the Philadelphia chromosome.

Preparation

Most tests for genetic diseases of children and adults
are done on blood. To collect the 5—10 mL of blood need-
ed, a healthcare worker draws blood from a vein in the
inner elbow region. Collection of the sample takes only a
few minutes.

Prenatal testing is done either on amniotic fluid or a
chorionic villus sampling. To collect amniotic fluid, a
physician performs a procedure called amniocentesis. An
ultrasound is done to find the baby’s position and an area
filled with amniotic fluid. The physician inserts a needle
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through the woman’s skin and the wall of her uterus and
withdraws 5-10 mL of amniotic fluid. Placental tissue for
a chorionic villus sampling is taken through the cervix.
Each procedures take approximately 30 minutes.

Bone marrow is used for chromosome analysis in a
person with leukemia or lymphoma. The person is given
local anesthesia. Then the physician inserts a needle
through the skin and into the bone (usually the sternum
or hip bone). One-half to 2 mL of bone marrow is with-
drawn. This procedure takes approximately 30 minutes.

Aftercare

After blood collection the person can feel discom-
fort or bruising at the puncture site or may become dizzy
or faint. Pressure to the puncture site until the bleeding
stops reduces bruising. Warm packs to the puncture site
relieve discomfort.

The chorionic villi sampling, amniocentesis and
bone marrow procedures are all done under a physician’s
supervision. The person is asked to rest after the proce-
dure and is watched for weakness and signs of bleeding.

Risks

Collection of amniotic fluid and chorionic villi sam-
pling, have the risk of miscarriage, infection, and bleed-
ing; the risks are higher for the chorionic villi sampling.
Because of the potential risks for miscarriage, 0.5% fol-
lowing the amniocentesis and 1% following the chorionic
villi sampling procedure, both of these prenatal tests are
offered to couples, but not required. A woman should tell
her physician immediately if she has cramping, bleeding,
fluid loss, an increased temperature, or a change in the
baby’s movement following either of these procedures.

After bone marrow collection, the puncture site may
become tender and the person’s temperature may rise.
These are signs of a possible infection.

Genetic testing involves other nonphysical risks.
Many people fear the possible loss of privacy about per-
sonal health information. Results of genetic tests may be
reported to insurance companies and affect a person’s
insurability. Some people pay out-of-pocket for genetic
tests to avoid this possibility. Laws have been proposed
to deal with this problem. Other family members may be
affected by the results of a person’s genetic test. Privacy
of the person tested and the family members affected is a
consideration when deciding to have a test and to share
the results.

A positive result carries a psychological burden,
especially if the test indicates the person will develop a
disease, such as Huntington’s chorea. The news that a per-
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son may be susceptible to a specific kind of cancer, while
it may encourage positive preventive measures, may also
negatively shadow many decisions and activities.

A genetic test result may also be inconclusive mean-
ing no definitive result can be given to the individual or
family. This may cause the individual to feel more anxious
and frustrated and experience psychological difficulties.

Prior to undergoing genetic testing, individuals need
to learn from the genetic counselor the likelihood that the
test could miss a mutation or abnormality.

Normal results

A normal result for chromosome analysis is 46, XX
or 46, XY. This means there are 46 chromosomes
(including two X chromosomes for a female or one X
and one Y for a male) with no structural abnormalities. A
normal result for a direct DNA mutation analysis or link-
age study is no gene mutation found.

There can be some benefits from genetic testing
when the individual tested is not found to carry a genetic
mutation. Those who learn with great certainty they are
no longer at risk for a genetic disease, may choose not to
undergo prophylactic therapies and may feel less anxious
and relieved.

Abnormal results

An abnormal chromosome analysis report will
include the total number of chromosomes and will identi-
fy the abnormality found. Tests for gene mutations will
report the mutations found.

There are many ethical issues to consider with an
abnormal prenatal test result. Many of the diseases tested
for during a pregnancy, cannot be treated or cured. In
addition, some diseases tested for during pregnancy, may
have a late-onset of symptoms or have minimal effects
on the affected individual.

Before making decisions based on an abnormal test
result, the person should meet again with a genetic coun-
selor to fully understand the meaning of the results, learn
what options are available based on the test result, and
what are the risks and benefits of each of those options.
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I Genital herpes
Definition

Genital herpes is a sexually transmitted disease
caused by a herpes virus. The disease is characterized by
the formation of fluid-filled, painful blisters in the geni-
tal area.
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Genital herpes

Description

Genital herpes (herpes genitalis, herpes progenitalis)
is characterized by the formation of fluid-filled blisters
on the genital organs of men and women. The word “her-
pes” comes from the Greek adjective herpestes, meaning
creeping, which refers to the serpent-like pattern that the
blisters may form. Genital herpes is a sexually transmit-
ted disease which means that it is spread from person-to-
person only by sexual contact. Herpes may be spread by
vaginal, anal, and oral sexual activity. It is not spread by
objects (such as a toilet seat or doorknob), swimming
pools, hot tubs, or through the air.

Genital herpes is a disease resulting from an infec-
tion by a herpes simplex virus. There are eight different
kinds of human herpes viruses. Only two of these, herpes
simplex types 1 and 2, can cause genital herpes. It has
been commonly believed that herpes simplex virus type 1
infects above the waist (causing cold sores) and herpes
simplex virus type 2 infects below the waist (causing
genital sores). This is not completely true. Both herpes
virus type 1 and type 2 can cause herpes lesions on the
lips or genitals, but recurrent cold sores are almost
always type 1. The two viruses seem to have evolved to
infect better at one site or the other, especially with
regard to recurrent disease.

To determine the occurrence of herpes type 2 infec-
tion in the United States, the Centers for Disease Control
and Prevention (CDC) used information from a survey
called the National Health and Nutrition Examination
Survey III (1988—1994). This survey of 40,000 noninsti-
tutionalized people found that 21.9% of persons age 12
or older had antibodies to herpes type 2. This means that
45 million Americans have been exposed at some point
in their lives to herpes simplex virus type 2. More
women (25.6%) than men (17.8%) had antibodies. The
racial differences for herpes type 2 antibodies were
whites, 17.6%; blacks, 45.9%; and Mexican Americans,
22.3%. Interestingly, only 2.6% of adults reported that
they have had genital herpes. Over half (50% to 60%) of
the white adults in the United States have antibodies to
herpes simplex virus type 1. The occurrence of antibod-
ies to herpes type 1 is higher in blacks.

Viruses are different from bacteria. While bacteria
are independent and can reproduce on their own, viruses
cannot reproduce without the help of a cell. Viruses enter
human cells and force them to make more virus. A
human cell infected with herpes virus releases thousands
of new viruses before it is killed. The cell death and
resulting tissue damage causes the actual sores. The
highest risk for spreading the virus is the time period
beginning with the appearance of blisters and ending
with scab formation.
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Herpes virus can also infect a cell and instead of
making the cell produce new viruses, it hides inside the
cell and waits. Herpes virus hides in cells of the nervous
system called “neurons.” This is called “latency.” A latent
virus can wait inside neurons for days, months, or even
years. At some future time, the virus “awakens” and
causes the cell to produce thousands of new viruses
which causes an active infection. Sometimes an active
infection occurs without visible sores. Therefore, an
infected person can spread herpes virus to other people
even in the absence of sores.

This process of latency and active infection is best
understood by considering the genital sore cycle. An
active infection is obvious because sores are present. The
first infection is called the “primary” infection. This
active infection is then controlled by the body’s immune
system and the sores heal. In between active infections,
the virus is latent. At some point in the future latent
viruses become activated and once again cause sores.
These are called “recurrent infections” or “outbreaks.”
Genital sores caused by herpes type 1 recur much less
frequently than sores caused by herpes type 2.

Although it is unknown what triggers latent viruses
to activate, several conditions seem to bring on infec-
tions. These include illness, tiredness, exposure to sun-
light, menstruation, skin damage, food allergy and hot or
cold temperatures. Although many people believe that
stress can bring on their genital herpes outbreaks, there
is no scientific evidence that there is a link between
stress and recurrences. However, at least one clinical
study has shown a connection between how well people
cope with stress and their belief that stress and recurrent
infections are linked.

Newborn babies who are infected with herpes virus
experience a very severe, and possibly fatal disease. This
is called “neonatal herpes infection.” In the United
States, one in 3,000-5,000 babies born will be infected
with herpes virus. Babies can become infected during
passage through the birth canal, but can become infected
during the pregnancy if the membranes rupture early.
Doctors will perform a Cesarean section on women who
go into labor with active genital herpes.

Causes and symptoms

While anyone can be infected by herpes virus, not
everyone will show symptoms. Risk factors for genital
herpes include: early age at first sexual activity, multiple
sexual partners, and a medical history of other sexually-
transmitted diseases.

Most patients with genital herpes experience a pro-
drome (symptoms of oncoming disease) of pain, burn-
ing, itching, or tingling at the site where blisters will
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form. This prodrome stage may last anywhere from a few
hours, to one to two days. The herpes infection prodrome
can occur for both the primary infection and recurrent
infections. The prodrome for recurrent infections may be
severe and cause a severe burning or stabbing pain in the
genital area, legs, or buttocks.

Primary genital herpes

The first symptoms of herpes usually occur within
two to seven days after contact with an infected person
but may take up to two weeks. Symptoms of the primary
infection are usually more severe than those of recurrent
infections. For up to 70% of the patients, the primary
infection causes symptoms which affect the whole body
(called “constitutional symptoms”) including tiredness,
headache, fever, chills, muscle aches, loss of appetite, as
well as painful, swollen lymph nodes in the groin. These
symptoms are greatest during the first three to four days
of the infection and disappear within one week. The pri-
mary infection is more severe in women than in men.

Following the prodrome come the herpes blisters,
which are similar on men and women. First, small red
bumps appear. These bumps quickly become fluid-filled
blisters. In dry areas, the blisters become filled with pus
and take on a white to gray appearance, become covered
with a scab, and heal within two to three weeks. In moist
areas, the fluid-filled blisters burst and form painful
ulcers which drain before healing. New blisters may
appear over a period of one week or longer and may join
together to form very large ulcers. The pain is relieved
within two weeks and the blisters and ulcers heal without
scarring by three to four weeks.

Women can experience a very severe and painful
primary infection. Herpes blisters first appear on the
labia majora (outer lips), labia minora (inner lips), and
entrance to the vagina. Blisters often appear on the cli-
toris, at the urinary opening, around the anal opening,
and on the buttocks and thighs. In addition, women may
get herpes blisters on the lips, breasts, fingers, and eyes.
The vagina and cervix are almost always involved which
causes a watery discharge. Other symptoms that occur in
women are: painful or difficult urination (83%), swelling
of the urinary tube (85%), meningitis (36%), and throat
infection (13%). Most women develop painful, swollen
lymph nodes (lymphadenopathy) in the groin and pelvis.
About one in ten women get a vaginal yeast infection as
a complication of the primary herpes infection.

In men, the herpes blisters usually form on the penis
but can also appear on the scrotum, thighs, and buttocks.
Fewer than half of the men with primary herpes experi-
ence the constitutional symptoms. Thirty percent to 40%
of men have a discharge from the urinary tube. Some
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Female cervix covered with herpes lesions (Photo
Researchers. Reproduced by permission.)

men develop painful swollen lymph nodes (lym-
phadenopathy) in the groin and pelvis. Although less fre-
quently than women, men too may experience painful or
difficult urination (44%), swelling of the urinary tube
(27%), meningitis (13%), and throat infection (7%).

Recurrent genital herpes

One or more outbreaks of genital herpes per year
occur in 60-90% of those infected with herpes virus.
About 40% of the persons infected with herpes simplex
virus type 2 will experience six or more outbreaks each
year. Genital herpes recurrences are less severe than the
primary infection; however, women still experience more
severe symptoms and pain than men. Constitutional
symptoms are not usually present. Blisters will appear at
the same sites during each outbreak. Usually there are
fewer blisters, less pain, and the time period from the
beginning of symptoms to healing is shorter than the pri-
mary infection. One out of every four women experience
painful or difficult urination during recurrent infection.
Both men and women may develop lymphadenopathy.

Diagnosis

Because genital herpes is so common, it is diag-
nosed primarily by symptoms. It can be diagnosed and
treated by the family doctor, dermatologists (doctors who
specialize in skin diseases), urologists (doctors who spe-
cialize in the urinary tract diseases of men and women
and the genital organs of men), gynecologists (doctors
who specialize in the diseases of women’s genital
organs) and infectious disease specialists. The diagnosis
and treatment of this infectious disease should be cov-
ered by most insurance providers.

Laboratory tests may be performed to look for the
virus. Because healing sores do not shed much virus, a
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A close-up view of a man’s penis with a blister (center of
image) caused by the herpes simplex virus. (Photograph by
Dr. P. Marazzi, Custom Medical Stock Photo. Reproduced by
permission.)

sample from an open sore would be taken for viral cul-
ture. A sterile cotton swab would be wiped over open
sores and the sample used to infect human cells in culture.
Cells which are killed by herpes virus have a certain
appearance under microscopic examination. The results
of this test are available within two to ten days. Other
areas which may be sampled, depending upon the disease
symptoms in a particular patient, include the urinary tract,
vagina, cervix, throat, eye tissues, and cerebrospinal fluid.

Direct staining and microscopic examination of the
lesion sample may also be used. A blood test may be per-
formed to see if the patient has antibodies to herpes
virus. The results of blood testing are available within
one day. The disadvantage of this blood test is that it usu-
ally does not distinguish between herpes type 1 and 2,
and only determines that the patient has had a herpes
infection at some point in his or her life. Therefore, the
viral culture test must be performed to be absolutely cer-
tain that the sores are caused by herpes virus.

Because genital sores can be symptoms of many
other diseases, the doctor must determine the exact cause
of the sores. The above mentioned tests are performed to
determine that herpes virus is causing the genital sores.
Other diseases which may cause genital sores are
syphilis, chancroid, lymphogranuloma venereum,
granuloma inguinale, herpes zoster, erythema multi-
form, Behget’s syndrome, inflammatory bowel disease,
contact dermatitis, candidiasis, and impetigo.
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Because most newborns who are infected with her-
pes virus were born to mothers who had no symptoms of
infection it is important to check all newborn babies for
symptoms. Any skin sore should be sampled to deter-
mine if it is caused by herpes simplex. Babies should be
checked for sores in their mouth and for signs of herpes
infection in their eyes.

Treatment

There is no cure for herpes virus infections. There
are antiviral drugs available which have some effect in
lessening the symptoms and decreasing the length of her-
pes outbreaks. There is evidence that some may also pre-
vent future outbreaks. These antiviral drugs work by
interfering with the replication of the viruses and are
most effective when taken as early in the infection
process as possible. For the best results, drug treatment
should begin during the prodrome stage before blisters
are visible. Depending on the length of the outbreak,
drug treatment could continue for up to 10 days.

Acyclovir (Zovirax) is the drug of choice for herpes
infection and can be given intravenously, taken by mouth
(orally), or applied directly to sores as an ointment. Acy-
clovir has been in use for many years and only five out of
100 patients experience side effects. Side effects of acy-
clovir treatment include nausea, vomiting, itchy rash, and
hives. Although acyclovir is the recommended drug for
treating herpes infections, other drugs may be used
including famciclovir (Famvir), valacyclovir (Valtrex),
vidarabine (Vira-A), idoxuridine (Herplex Liquifilm,
Stoxil), trifluorothymidine (Viroptic), and penciclovir
(Denavir).

Acyclovir is effective in treating both the primary
infection and recurrent outbreaks. When taken intra-
venously or orally, acyclovir reduces the healing time,
virus shedding period, and duration of vesicles. The stan-
dard oral dose of acyclovir for primary herpes is 200 mg
five times daily or 400 mg three times daily for a period
of 10 days. Recurrent herpes is treated with the same
doses for a period of five days. Intravenous acyclovir is
given to patients who require hospitalization because of
severe primary infections or herpes complications such
as aseptic meningitis or sacral ganglionitis (inflammation
of nerve bundles).

Patients with frequent outbreaks (greater than six to
eight per year) may benefit from long term use of acy-
clovir which is called “suppressive therapy.” Patients on
suppressive therapy have longer periods between herpes
outbreaks. The specific dosage used for suppression
needs to be determined for each patient and should be
reevaluated every few years. Alternatively, patients may
use short term suppressive therapy to lessen the chance
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of developing an active infection during special occa-
sions such as weddings or holidays.

There are several things that a patient may do to
lessen the pain of genital sores. Wearing loose fitting
clothing and cotton underwear is helpful. Removing
clothing or wearing loose pajamas while at home may
reduce pain. Soaking in a tub of warm water and using a
blow dryer on the “cool” setting to dry the infected area
is helpful. Putting an ice pack on the affected area for 10
minutes, followed by five minutes off and then repeating
this procedure may relieve pain. A zinc sulfate ointment
may help to heal the sores. Application of a baking soda
compress to sores may be soothing.

Neonatal herpes

Newborn babies with herpes virus infections are
treated with intravenous acyclovir or vidarabine for 10
days. These drugs have greatly reduced deaths and
increased the number of babies who appear normal at one
year of age. However, because neonatal herpes infection
is so serious, even with treatment babies may not survive,
or may suffer nervous system damage. Infected babies
may be treated with long term suppressive therapy.

Alternative treatment

An imbalance in the amino acids lysine and arginine
is thought to be one contributing factor in herpes virus
outbreaks. A ratio of lysine to arginine that is in balance
(that is more lysine than arginine is present) seems to help
the immune system work optimally. Thus, a diet that is
rich in lysine may help prevent recurrences of genital her-
pes. Foods that contain high levels of lysine include most
vegetables, legumes, fish, turkey, beef, lamb, cheese, and
chicken. Patients may take 500 mg of lysine daily and
increase to 1,000 mg three times a day during an out-
break. Intake of the amino acid arginine should be
reduced. Foods rich in arginine that should be avoided are
chocolate, peanuts, almonds, and other nuts and seeds.

Clinical experience indicates a connection between
high stress and herpes outbreaks. Some patients respond
well to stress reduction and relaxation techniques. Acu-
pressure and massage may relieve tiredness and stress.
Meditation, yoga, tai chi, and hypnotherapy can also
help relieve stress and promote relaxation.

Some herbs, including echinacea (Echinacea spp.)
and garlic (Allium sativum), are believed to strengthen
the body’s defenses against viral infections. Red marine
algae (family Dumontiaceae), both taken internally and
applied topically, is thought to be effective in treating
herpes type I and type II infections. Other topical treat-
ments may be helpful in inhibiting the growth of the her-
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KEY TERMS

Groin—The region of the body that lies between
the abdomen and the thighs.

Latent virus—A nonactive virus which is in a dor-
mant state within a cell. Herpes virus is latent in
cells of the nervous system.

Prodrome—Symptoms which warn of the begin-
ning of disease. The herpes prodrome consists of
pain, burning, tingling, or itching at a site before
blisters are visible.

Recurrence—The return of an active herpes infec-
tion following a period of latency.

Ulcer—A painful, pus-draining, depression in the
skin caused by an infection.

pes virus, in minimizing the damage it causes, or in help-
ing the sores heal. Zinc sulphate ointment seems to help
sores heal and to fight recurrence. Lithium succinate
ointment may interfere with viral replication. An oint-
ment made with glycyrrhizinic acid, a component of
licorice (Glycyrrhiza glabra), seems to inactivate the
virus. Topical applications of vitamin E or tea tree oil
(Melaleuca spp.) help dry up herpes sores. Specific com-
binations of homeopathic remedies may also be helpful
treatments for genital herpes.

Prognosis

Although physically and emotionally painful, geni-
tal herpes is usually not a serious disease. The primary
infection can be severe and may require hospitalization
for treatment. Complications of the primary infection
may involve the cervix, urinary system, anal opening,
and the nervous system. Persons who have a decreased
ability to produce an immune response to infection
(called “immunocompromised”) due to disease or med-
ication are at risk for a very severe, and possibly fatal,
herpes infection. Even with antiviral treatment, neonatal
herpes infections can be fatal or cause permanent ner-
vous system damage.

Prevention

The only way to prevent genital herpes is to avoid
contact with infected persons. This is not an easy solu-
tion because many people aren’t aware that they are
infected and can easily spread the virus to others. Avoid
all sexual contact with an infected person during a herpes
outbreak. Because herpes virus can be spread at any
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time, condom use is recommended to prevent the spread
of virus to uninfected partners. As of early 1998 there
were no herpes vaccines available, although new herpes
vaccines are being tested in humans.

Resources

BOOKS

Ebel, Charles. Managing Herpes: How to Live and Love With a
Chronic STD. American Social Health Association, 1998.

Sacks, Stephen L. The Truth About Herpes. Gordon Soules
Book Publisher, 1997.

PERIODICALS
Murray, Michael T. “Natural Help for Herpes and Cold Sores.”
Let’s Live, Apr. 1997: 68+.
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JAMA. 8 Apr. 1998 <http://pubs.ama-assn.org>.
Mayo Clinic Online. 5 Mar. 1998 <http://www.mayohealth.org>.

Belinda Rowland, PhD

I Genital warts
Definition

Genital warts, which are also called condylomata
acuminata or venereal warts, are growths in the genital
area caused by a sexually transmitted papillomavirus. A
papillomavirus is a virus that produces papillomas, or
benign growths on the skin and mucous membranes.

Description

Genital warts are the most common sexually trans-
mitted disease (STD) in the general population. It is esti-
mated that 1% of sexually active people between the ages
of 18 and 45 have genital warts; however, polymerase
chain reaction (PCR) testing indicates that as many as
40% of sexually active adults carry the human papillo-
mavirus (HPV) that causes genital warts.

Genital warts vary somewhat in appearance. They
may be either flat or resemble raspberries or cauliflower
in appearance. The warts begin as small red or pink
growths and grow as large as four inches across, interfer-
ing with intercourse and childbirth. The warts grow in
the moist tissues of the genital areas. In women, they
occur on the external genitals and on the walls of the
vagina and cervix; in men, they develop in the urethra
and on the shaft of the penis. The warts then spread to the
area behind the genitals surrounding the anus.

Risk factors for genital warts include:
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Man with genital warts. (Custom Medical Stock Photo. Repro-
duced by permission.)

* multiple sexual partners

« infection with another STD
* pregnancy

+ anal intercourse

* poor personal hygiene

* heavy perspiration

Causes and symptoms

There are about 80 types of human papillomavirus.
Genital warts are caused by HPV types 1, 2, 6, 11, 16,
and 18. HPV is transmitted by sexual contact. The incu-
bation period varies from one to six months.

The symptoms include bleeding, pain, and odor as
well as the visible warts.

Diagnosis

The diagnosis is usually made by examining scrap-
ings from the warts under a darkfield microscope. If the
warts are caused by HPV, they will turn white when a 5%
solution of white vinegar is added. If the warts reappear,
the doctor may order a biopsy to rule out cancer.

Treatment

No treatment for genital warts is completely effective
because therapy depends on destroying skin infected by the
virus. There are no drugs that will kill the virus directly.

Medications

Genital warts were treated until recently with applica-
tions of podophyllum resin, a corrosive substance that can-
not be given to pregnant patients. A milder form of
podophyllum, podofilox (Condylox), has been introduced.
Women are also treated with 5-fluorouracil cream,
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bichloroacetic acid, or trichloroacetic acid. All of these
substances irritate the skin and require weeks of treatment.

Genital warts can also be treated with injections of
interferon. Interferon works best in combination with
podofilox applications.

Surgery

Surgery may be necessary to remove warts blocking
the patient’s vagina, urethra, or anus. Surgical techniques
include the use of liquid nitrogen, electrosurgery, and
laser surgery.

Prognosis

Genital warts are benign growths and are not cancer-
ous by themselves. Repeated HPV infection in women,
however, appears to increase the risk of later cervical
cancer. Women infected with HPV types 16 and 18
should have yearly cervical smears. Recurrence is com-
mon with all present methods of treatment—including
surgery—because HPV can remain latent in apparently
normal surrounding skin.

Prevention

The only reliable method of prevention is sexual
abstinence. The use of condoms minimizes but does not
eliminate the risk of HPV transmission. The patient’s
sexual contacts should be notified and examined.

Resources
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KEY TERMS

Condylomata acuminata—Another name for geni-
tal warts.

Papilloma—A benign growth on the skin or mucous
membrane. Viruses that cause these growths are
called human papillomaviruses (HPVs).

Podophyllum resin—A medication derived from
the May apple or mandrake and used to treat geni-
tal warts.
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Gentamicin see Aminoglycosides
German measles see Rubella

I Gestalt therapy
Definition

Gestalt therapy is a humanistic therapy technique
that focuses on gaining an awareness of emotions and
behaviors in the present rather than in the past. The thera-
pist does not interpret experiences for the patient.
Instead, the therapist and patient work together to help
the patient understand him/herself. This type of therapy
focuses on experiencing the present situation rather than
talking about what occurred in the past. Patients are
encouraged to become aware of immediate needs, meet
them, and let them recede into the background. The well-
adjusted person is seen as someone who has a constant
flow of needs and is able to satisfy those needs.

Purpose

In Gestalt therapy (from the German word meaning
form), the major goal is self-awareness. Patients work on
uncovering and resolving interpersonal issues during
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therapy. Unresolved issues are unable to fade into the
background of consciousness because the needs they rep-
resent are never met. In Gestalt therapy, the goal is to dis-
cover people connected with a patient’s unresolved
issues and try to engage those people (or images of those
people) in interactions that can lead to a resolution.
Gestalt therapy is most useful for patients open to work-
ing on self-awareness.

Precautions

The choice of a therapist is crucial. Some people
who call themselves “therapists” have limited training in
Gestalt therapy. It is important that the therapist be a
licensed mental health professional. Additionally, some
individuals may not be able to tolerate the intensity of
this type of therapy.

Description

Gestalt therapy has developed into a form of therapy
that emphasizes medium to large groups, although many
Gestalt techniques can be used in one-on-one therapy.
Gestalt therapy probably has a greater range of formats
than any other therapy technique. It is practiced in indi-
vidual, couples, and family therapies, as well as in thera-
py with children.

Ideally, the patient identifies current sensations and
emotions, particularly ones that are painful or disruptive.
Patients are confronted with their unconscious feelings
and needs, and are assisted to accept and assert those
repressed parts of themselves.

The most powerful techniques involve role-play-
ing. For example, the patient talks to an empty chair as
they imagine that a person associated with an unre-
solved issue is sitting in the chair. As the patient talks
to the “person” in the chair, the patient imagines that
the person responds to the expressed feelings.
Although this technique may sound artificial and might
make some people feel self-conscious, it can be a pow-
erful way to approach buried feelings and gain new
insight into them.

Sometimes patients use battacca bats, padded sticks
that can be used to hit chairs or sofas. Using a battacca
bat can help a patient safely express anger. A patient may
also experience a Gestalt therapy marathon, where the
participants and one or more facilitators have nonstop
group therapy over a weekend. The effects of the
intense emotion and the lack of sleep can eliminate many
psychological defenses and allow significant progress to
be made in a short time. This is true only if the patient
has adequate psychological strength for a marathon and
is carefully monitored by the therapist.
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Preparation

Gestalt therapy begins with the first contact. There is
no separate diagnostic or assessment period. Instead,
assessment and screening are done as part of the ongoing
relationship between patient and therapist. This assess-
ment includes determining the patient’s willingness and
support for work using Gestalt methods, as well as deter-
mining the compatibility between the patient and the
therapist. Unfortunately, some “encounter groups” led by
poorly trained individuals do not provide adequate pre-
therapy screening and assessment.

Aftercare

Sessions are usually held once a week. Frequency of
sessions held is based on how long the patient can go
between sessions without losing the momentum from the
previous session. Patients and therapists discuss when to
start sessions, when to stop sessions, and what kind of
activities to use during a session. However, the patient is
encouraged and required to make choices.

Risks

Disturbed people with severe mental illness may not
be suitable candidates for Gestalt therapy. Facilities that
provide Gestalt therapy and train Gestalt therapists vary.
Since there are no national standards for these Gestalt
facilities, there are no set national standards for Gestalt
therapy or Gestalt therapists.

Normal results

Scientific documentation on the effectiveness of
Gestalt therapy is limited. Evidence suggests that this
type of therapy may not be reliably effective.

Abnormal results

This approach can be anti-intellectual and can dis-
count thoughts, thought patterns, and beliefs. In the
hands of an ineffective therapist, Gestalt procedures can
become a series of mechanical exercises, allowing the
therapist as a person to stay hidden. Moreover, there is a
potential for the therapist to manipulate the patient with
powerful techniques, especially in therapy marathons
where fatigue may make a patient vulnerable.

Resources
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York: Routledge & Gegan Paul, 1969.
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I Gestational diabetes
Definition

Gestational diabetes is a condition that occurs dur-
ing pregnancy. Like other forms of diabetes, gestational
diabetes involves a defect in the way the body processes
and uses sugars (glucose) in the diet. Gestational dia-
betes, however, has a number of characteristics that are
different from other forms of diabetes.

Description

Glucose is a form of sugar that is present in many
foods, including sweets, potatoes, pasta, and breads. The
body uses glucose to provide energy. It is stored in the
liver, muscles, and fatty tissue. The pancreas produces a
hormone (a chemical produced in one part of the body,
which travels to another part of the body in order to exert
its effect) called insulin. Insulin is required to allow glu-
cose to enter the liver, muscles, and fatty tissues, thus
reducing the amount of glucose in the blood. In diabetes,
blood levels of glucose remain abnormally high. In many
forms of diabetes, this is because the pancreas does not
produce enough insulin.

In gestational diabetes, the pancreas is not at fault.
Instead, the problem is in the placenta. During pregnancy,
the placenta provides the baby with nourishment. It also
produces a number of hormones that interfere with the
body’s usual response to insulin. This condition is
referred to as “insulin resistance.” Most pregnant women
do not suffer from gestational diabetes, because the pan-
creas works to produce extra quantities of insulin in order
to compensate for insulin resistance. However, when a
woman'’s pancreas cannot produce enough extra insulin,
blood levels of glucose stay abnormally high, and the
woman is considered to have gestational diabetes.
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About 1-3% of all pregnant women develop gesta-
tional diabetes. Women at risk for gestational diabetes
include those who:

« are overweight
« have a family history of diabetes
« have previously given birth to a very large, heavy baby

* have previously had a baby who was stillborn, or born
with a birth defect

* have an excess amount of amniotic fluid (the cushion-
ing fluid within the uterus that surrounds the develop-
ing fetus)

« are over 25 years of age

* belong to an ethnic group known to experience higher
rates of gestational diabetes (in the United States, these
groups include Mexican-Americans, American Indians,
African-Americans, as well as individuals from Asia,
India, or the Pacific Islands)

« have a previous history of gestational diabetes during a
pregnancy

Causes and symptoms

Most women with gestational diabetes have no recog-
nizable symptoms. However, leaving gestational diabetes
undiagnosed and untreated is risky to the developing fetus.
Left untreated, a diabetic mother’s blood sugar levels will
be consistently high. This sugar will cross the placenta and
pour into the baby’s system through the umbilical cord.
The unborn baby’s pancreas will respond to this high level
of sugar by constantly putting out large amounts of
insulin. The insulin will allow the fetus’s cells to take in
glucose, where it will be converted to fat and stored. A
baby who has been exposed to constantly high levels of
sugar throughout pregnancy will be abnormally large.
Such a baby will often grow so large that he or she cannot
be born through the vagina, but will instead need to be
born through a surgical procedure (cesarean section).

Furthermore, when the baby is born, the baby will
still have an abnormally large amount of insulin circulat-
ing. After birth, when the mother and baby are no longer
attached to each other via the placenta and umbilical
cord, the baby will no longer be receiving the mother’s
high level of sugar. The baby’s high level of insulin, how-
ever, will very quickly use up the glucose circulating in
the baby’s bloodstream. The baby is then at risk for hav-
ing a dangerously low level of blood glucose (a condition
called hypoglycemia).

Diagnosis
Since gestational diabetes most often exists with no

symptoms detectable by the patient, and since its existence
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KEY TERMS

Glucose—A form of sugar. The final product of the
breakdown of carbohydrates (starches).

Insulin—A hormone produced by the pancreas
that is central to the processing of sugars and car-
bohydrates in the diet.

Placenta—An organ that is attached to the inside
wall of the mother’s uterus and to the fetus via the
umbilical cord. The placenta allows oxygen and
nutrients from the mother’s bloodstream to pass
into the unborn baby.

puts the developing baby at considerable risk, screening
for the disorder is a routine part of pregnancy care. This
screening is usually done between the 24th and 28th week
of pregnancy. By this point in the pregnancy, the placental
hormones have reached a sufficient level to cause insulin
resistance. Screening for gestational diabetes involves the
pregnant woman drinking a special solution that contains
exactly 50 grams of glucose. An hour later, the woman’s
blood is drawn and tested for its glucose level. A level less
than 140 mg/dl is considered normal.

When the screening glucose level is over 140 mg/dl,
a special three-hour glucose tolerance test is performed.
This involves following a special diet for three days prior
to the test. This diet is set-up to contain at least 150 grams
of carbohydrate each day. Just before the test, the patient
is instructed to eat and drink nothing (except water) for
10—14 hours. A blood sample is then tested to determine
the fasting glucose level. The patient then drinks a special
solution containing exactly 100 grams of glucose, and her
blood is tested every hour for the next three hours. If two
or more of these levels are elevated over normal, then the
patient is considered to have gestational diabetes.

Treatment

Treatment for gestational diabetes will depend on the
severity of the diabetes. Mild forms can be treated with
diet (decreasing the intake of sugars and fats, in particu-
lar). Many women are put on strict, detailed diets, and are
asked to stay within a certain range of calorie intake.
Exercise is sometimes used to keep blood sugar levels
lower. Patients are often asked to regularly measure their
blood sugar. This is done by poking a finger with a needle
called a lancet, putting a drop of blood on a special type of
paper, and feeding the paper into a meter which analyzes
and reports the blood sugar level. When diet and exercise
do not keep blood glucose levels within an acceptable
range, a patient may need to take regular shots of insulin.
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Many babies born to women with gestational dia-
betes are large enough to cause more difficult deliveries,
and they may require the use of forceps, suction, or
cesarean section. Once the baby is born, it is important to
carefully monitor its blood glucose levels. These levels
may drop sharply and dangerously once the baby is no
longer receiving large quantities of sugar from the moth-
er. When this occurs, it is easily resolved by giving the
baby glucose.

Prognosis

Prognosis for women with gestational diabetes, and
their babies, is generally good. Almost all such women
stop being diabetic after the birth of their baby. However,
some research has shown that nearly 50% of these
women will develop a permanent form of diabetes within
15 years. The child of a mother with gestational diabetes
has a greater-than-normal chance of developing diabetes
sometime in adulthood, also. A woman who has had ges-
tational diabetes during one pregnancy has about a 66%
chance of having it again during any subsequent preg-
nancies. Women who had gestational diabetes usually are
tested for diabetes at the post-partum checkup or after
stopping breastfeeding.

Prevention

There is no known way to actually prevent diabetes,
particularly since gestational diabetes is due to the
effects of normal hormones of pregnancy. However, the
effects of insulin resistance can be best handled through
careful attention to diet, avoiding becoming overweight
throughout life, and participating in reasonable exercise.

Resources

BOOKS

Ferris, Thomas F. “Gestational Diabetes.” In Harrison’s Princi-
ples of Internal Medicine, ed. Anthony S. Fauci, et al.
New York: McGraw-Hill, 1997.

Lowe, Ernest, and Gary Arsham. Diabetes: A Guide to Living
Well. Minneapolis: Chronimed Publishing, 1997.

PERIODICALS

Bartholomew, Sallie P. “Make Way for Baby.” Diabetes Fore-
cast 50, n0.12 (Dec. 1997): 20+.

Morrison, John C. “Prediction of Continued Glucose Intoler-
ance in Women with Gestational Diabetes.” Clinical Dia-
betes 14, no. 6 (Nov./Dec. 1996): 156.

Pasui, Kristine and Kay F. McFarland. “Management of Dia-
betes in Pregnancy.” American Family Physician 55, n0.8
(June 1997): 2731+.

Weller, Kenneth A. “Diagnosis and Management of Gestational
Diabetes.” American Family Physician 53, no. 6 (1 May
1996): 2053+.

GALE ENCYCLOPEDIA OF MEDICINE 2



ORGANIZATIONS

American Diabetes Association. 1701 North Beauregard Street,
Alexandria, VA 22311. (800) 342-2383. <http://www.
diabetes.org>.

Rosalyn Carson-DeWitt, MD

I Gl bleeding studies
Definition

GI bleeding studies uses radioactive materials in the
investigation of bleeding from the gastrointestinal (GI)
tract. These studies go under various names such as “GI
bleeding scans” or “Tagged red blood cell scans.” They
are performed and interpreted by radiologists (physicians
who specialize in diagnosis and treatment of diseases by
means of x rays or related substances).

Purpose

These studies are designed to find the source of blood
loss from the GI tract; that is the stomach, small bowel, or
colon. They work best when bleeding is either too slow,
intermittent, or too rapid to be identified by other means,
such as endoscopy, upper GI series, or barium enema.

They are particularly useful when other methods
have not been able to determine the site or cause of
bleeding.

Precautions

Because of the use of radioactive materials, these
studies are best avoided in pregnant patients. Another
important relates to the interpretation of these tests,
whether normal or abnormal. Since these studies are far
from perfect, they can only be used as “guides” as to the
cause or site of bleeding. In most instances, further stud-
ies must be performed to confirm their findings.

Description

Bleeding scans are based on the accumulation of
radioactive material as it exits from the vessels during a
bleeding episode. Blood is first withdrawn from the
patient. Then, the blood, along with a radioactive sub-
stance is injected into a vein and over several hours scans
measuring radioactivity are performed. The studies were
initially reported to be very sensitive and accurate; how-
ever, critical evaluation of these tests have shown them to
be less accurate than originally believed.
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A clay model of the human digestive system. (Custom Med-
ical Stock Photo. Reproduced by permission.)

Preparation

No preparation is needed for these tests. They are
often done on an “emergency” basis.

Aftercare

No special care is needed after the exam.

Risks

Bleeding scans are free of any risks or side-effects,
aside from the fact that they should best be avoided in
pregnancy.

Normal results

A normal exam would fail to show any evidence of
accumulation of radioactive material on the scan. How-
ever, scans may be normal in as many as 70% of patients
who later turn out to have significant causes of bleeding.
This is known as a false-negative result. A patient must
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KEY TERMS

Endoscope, Endoscopy—An endoscope as used in
the field of gastroenterology is a thin flexible tube
which uses a lens or miniature camera to view
various areas of the gastrointestinal tract. The per-
formance of an exam using an endoscope is
referred by the general term endoscopy. Diagnosis
through biopsies or other means and therapeutic
procedures can be done with these instruments.

be bleeding at the same time the scan is performed for it
to be seen. Therefore, not finding evidence of a bleeding
source during the study, can be misleading.

Abnormal results

The accumulation of radioactive material indicating
a “leakage” of blood from the vessels is abnormal. The
scan gives a rough, though not exact, guide as to the
location of the bleeding. It can tell where the bleeding
may be, but usually not the cause. Thus, extreme caution
and skill is needed in interpreting these scans, and deci-
sions involving surgery or other treatment should await
more definitive tests.

Resources

BOOKS

Lane, Loren. “Radionuclide Scanning.” In Sleisenger & Ford-
tran’s Gastrointestinal and Liver Disease, ed. Mark Feld-
man, et al. Philadelphia: W. B. Saunders Co., 1997.

PERIODICALS

Mujica, Victor R. and Barkin, Jamie S. “Occult Gastrointesti-
nal Bleeding.” Gastrointestinal Endoscopy Clinics of
North America (Oct. 1996): 833-845

Shapiro, Marcelle J. “Radionuclide Scans.” Gastroenterology
Clinics of North America (Mar. 1994): 125-128

David Kaminstein, MD

Giant-cell arteritis see Temporal arteritis

I Giardiasis
Definition
Giardiasis is a common intestinal infection spread

by eating contaminated food, drinking contaminated
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water, or through direct contact with the organism that
causes the disease, Giardia lamblia. Giardiasis is found
throughout the world and is a common cause of trav-
eller’s diarrhea. In the United States it is a growing
problem, especially among children in childcare centers.

Description

Giardia is one of the most common intestinal para-
sites in the world, infecting as much as 20% of the entire
population of the earth. It is common in overcrowded
developing countries with poor sanitation and a lack of
clean water. Recent tests have found Giardia in 7% of all
stool samples tested nationwide, indicating that this dis-
ease is much more widespread than was originally
believed. It has been found not only in humans, but also
in wild and domestic animals.

Giardiasis is becoming a growing problem in the
United States, where it affects three times more children
than adults. In recent years, giardiasis outbreaks have
been common among people in schools or daycare cen-
ters and at catered affairs and large public picnic areas.
Children can easily pass on the infection by touching
contaminated toys, changing tables, utensils, or their own
feces, and then touching other people. For this reason,
infection spreads quickly through a daycare center or
institution for the developmentally disabled.

Unfiltered streams or lakes that may be contaminated
by human or animal wastes are a common source of
infection. Outbreaks can occur among campers and hikers
who drink untreated water from mountain streams. While
20 million Americans drink unfiltered city water from
streams or rivers, giardiasis outbreaks from tainted city
water have been rare. Most of these problems have
occurred not due to the absence of filters, but because of
malfunctions in city water treatment plants, such as a tem-
porary drop in chlorine levels. It is possible to become
infected in a public swimming pool, however, since Giar-
dia can survive in chlorinated water for about 15 minutes.
During that time, it is possible for an individual to swal-
low contaminated pool water and become infected.

Causes and symptoms

Giardiasis is spread by food or water contaminated by
the Giardia lamblia protozoan organism found in the
human intestinal tract and feces. When the cysts are ingest-
ed, the stomach acid degrades the cysts and releases the
active parasite into the body. Once within the body, the par-
asites cling to the lining of the small intestine, reproduce,
and are swept into the fecal stream. As the liquid content of
the bowel dries up, the parasites form cysts, which are then
passed in the feces. Once excreted, the cysts can survive in
water for more than three months. The parasite is spread
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further by direct fecal-oral contamination, such as can
occur if food is prepared without adequate hand-washing,
or by ingesting the cysts in water or food.

Giardiasis is not fatal, and about two-thirds of
infected people exhibit no symptoms. Symptoms will not
occur until between one and two weeks after infection.
When present, symptoms include explosive, watery diar-
rhea that can last for a week or more and, in chronic
cases, may persist for months. Because the infection
interferes with the body’s ability to absorb fats from the
intestinal tract, the stool is filled with fat. Other symp-
toms include foul-smelling and greasy feces, stomach
pains, gas and bloating, loss of appetite, nausea and
vomiting. In cases in which the infection becomeschron-
ic, lasting for months or years, symptoms might include
poor digestion, problems digesting milk, intermittent
diarrhea, fatigue, weakness, and significant weight loss.

Diagnosis

Diagnosis can be difficult because it can be easy to
overlook the presence of the giardia cysts during a routine
inspection of a stool specimen. In the past, the condition
has been diagnosed by examining three stool samples for
the presence of the parasites. However, because the
organism is shed in some stool samples and not others,
the infection may not be discovered using this method.

A newer, more accurate method of diagnosing the
condition is the enzyme-linked immunosorbent assay
(ELISA) that detects cysts and antigen in stool, and is
approximately 90% accurate. While slightly more expen-
sive, it only needs to be done once and is therefore less
expensive overall than the earlier test.

Treatment

Acute giardiasis can usually be allowed to run its
natural course and tends to clear up on its own. Antibi-
otics are helpful, however, in easing symptoms and pre-
venting the spread of infection. Medications include
metronidazole, furazolidone and paromomycin. Healthy
carriers with no symptoms do not need antibiotic treat-
ment. If treatment should fail, the patient should wait two
weeks and repeat the drug course. Anyone with an
impaired immune system (immunocompromised), such
as a person with AIDS, may need to be treated with a
combination of medications.

Prognosis

Giardiasis is rarely fatal, and when treated promptly,
antibiotics usually cure the infection. While most people
respond quickly to treatment, some have lingering symp-
toms and suffer with diarrhea and cramps for long peri-
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Giardia Lamblia

Infection with the protozoon Giardia lamblia, shown above,
causes diarrhea in humans. (lllustration by Electronic lllustra-
tors Group).

ods, losing weight and not growing well. Those most at-
risk for a course like this are the elderly, people with a
weakened immune system, malnourished children, and
anyone with low stomach acid.

Prevention

The best way to avoid giardiasis is to avoid drinking
untreated surface water, especially from mountain
streams. The condition also can be minimized by practic-
ing the following preventive measures:

« thoroughly washing hands before handling food
« maintaining good personal cleanliness
« boiling any untreated water for at least three minutes
« properly disposing of fecal material

Children with severe diarrhea (and others who are
unable to control their bowel habits) should be kept at
home until the stool returns to normal. If an outbreak
occurs in a daycare center, the director should notify the
local health department. Some local health departments
require a follow-up stool testing to confirm that the per-

son is no longer contagious. People not in high-risk set-
tings can return to their routine activities after recovery.

Resources

BOOKS
Infectious Disease. Ed. Barbara A. Bannister, et al. Oxford,
England: Blackwell Scientific, Inc., 1996.

1451

siseipaern



Ginkgo biloba

KEY TERMS

Antibody—A specific protein produced by the
immune system in response to a specific foreign
protein or particle called an antigen.

Antigen—A substance (usually a protein) identi-
fied as foreign by the body’s immune system, trig-
gering the release of antibodies as part of the
body’s defense mechanism.

Enzyme-linked immunosorbent assay (ELISA)—A
laboratory technique used to detect specific anti-
gens or antibodies. It can be used to diagnose giar-
diasis.

Giardia lamblia—A type of protozoa with a whip-
like tail that infects the human intestinal tract,
causing giardiasis. The protozoa will not spread to
other parts of the body.

Immunocompromised—A state in which the
immune system is suppressed or not functioning

properly.

Turkington, Carol A. Infectious Diseases A to Z. New York:
Facts on File, Inc., 1998.

Van De Graaff, Kent. Survey of Infectious and Parasitic Dis-
eases. New York: McGraw Hill, 1996.

Wilks, David, Mark Farrington, and David Rubenstein. The
Infectious Diseases Manual. Oxford, England: Blackwell
Scientific, Inc., 1995.
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Hunter, Beatrice Trum. “Giardiasis: The Most Common Para-
sitic Infection.” Consumers’ Research Magazine, 76, no. 4
(Apr. 1993): 8-9.

Moser, Penny Ward. “Danger in Diaperland.” In Health, 5, no.
5 (Sept./Oct. 1991).

“Diarrhea and Day Care Centers.” Pediatrics for Parents, June
1991: 6.

Springer, Ilene. “The Summer Vacation Health Guide.” Ladies
Home Journal, 109, no. 7 (July 1992): 54-57.

Tufts editors. “A Backwoods Parasite Heads for Town.” Tufts
University Health & Nutrition Letter 15, no. 6 (Aug.
1997): 3.

ORGANIZATIONS

Centers for Disease Control and Prevention. 1600 Clifton Rd.,
NE, Atlanta, GA 30333. (800) 311-3435, (404) 639-3311.
<http://www.cdc.gov>.

National Institute of Allergies and Infectious Diseases, Divi-
sion of Microbiology and Infectious Diseases. Building
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Avenue Appia 20, 1211 Geneva 27, Switzerland. (+00 41
22) 791 21 11. <http://www.who.int>.

OTHER

Centers for Disease Control. <http://www.cdc.gov/ncidod/
EID/eidtext.htm>.
International Society of Travel Medicine. <http:www.istm.org>.

Carol A. Turkington

Giardia lamblia infection see Giardiasis
Gigantism see Acromegaly and gigantism
Gilchrist's disease see Blastomycosis

Gilles de la Tourette’s syndrome see
Tourette syndrome

Gingivitis see Periodontal disease

I Ginkgo biloba
Definition

Ginkgo biloba, known as the maidenhair tree, is one
of the oldest trees on Earth, once part of the flora of the
Mesozoic period. The ginkgo tree is the only surviving
species of the Ginkgoaceae family. This ancient decidu-
ous tree may live for thousands of years. Ginkgo is
indigenous to China, Japan, and Korea, but also thrived
in North America and Europe prior to the Ice Age. This
drastic climate change destroyed the wild ginkgo tree
throughout much of the world. In China, ginkgo was cul-
tivated in temple gardens as a sacred tree known as bai
gou, thus assuring its survival there for over 200 million
years. Ginkgo fossils found from the Permian period are
identical to the living tree, which is sometimes called a
living fossil.

Description

Ginkgo trees may grow to 122 ft (37.2 m) tall and
measure 4 ft (1.2 m) in girth. The female trees have a
somewhat pointed shape at the top, like a pyramid. The
male trees are broader at the crown. The bark of the orna-
mental ginkgo tree is rough and fissured and may be an
ash to dark-brown in color. Distinctive, fan-shaped leaves
with long stalks emerge from a sheath on the stem.
Leaves are bright green in spring and summer, and turn to
golden yellow in the fall. Ginkgo trees may take as long
as 30 years to flower. Ginkgo is dioecious, with male and
female flowers blooming on separate trees. Blossoms
grow singly from the axils of the leaf. The female flowers
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appear at the end of a leafless branch. The yellow, plum-
shaped fruits develop an unpleasant scent as they ripen.
They contain an edible inner seed that is available in
Asian country marketplaces. Ginkgo’s longevity may be
due, in part, to its remarkable resistance to disease, pollu-
tion, and insect damage. Ginkgo trees are part of the land-
scape plan in many urban areas throughout the world.
Millions of ginkgo trees, grown for harvest of the medici-
nal leaves, are raised on plantations in the United States,
France, South Korea, and Japan, and are exported to
Europe for pharmaceutical processing.

Purpose

Ginkgo leaves, fresh or dry, and seeds, separated
from the outer layer of the fruit, are used medicinally.
Ginkgo has remarkable healing virtues that have been
recorded as far back as 2800 B.c. in the oldest Chinese
materia medica. Ginkgo seeds were traditionally served
to guests along with alcohol drinks in Japan. An enzyme
present in the ginkgo seed has been shown in clinical
research to speed up alcohol metabolism in the body,
underscoring the wisdom of this folk custom. The leaf
extract has been used in Asia for thousands of years to
treat allergies, asthma, and bronchitis. It is also valued
in Chinese medicine as a heart tonic, helpful in the treat-
ment of cardiac arrhythmia. Ginkgo was first introduced
to Europe in 1730, and to North America in 1784 where
it was planted as an exotic garden ornamental near
Philadelphia. Ginkgo medicinal extracts are the primary
prescription medicines used in France and Germany.

Ginkgo acts to increase blood flow throughout the
body, particularly cerebral blood flow. It acts as a circu-
latory system tonic, stimulating greater tone in the
venous system. The herb is a useful and proven remedy
for numerous diseases caused by restricted blood flow.
European physicians prescribe the extract for treatment
of Raynaud’s disease, a condition of impaired circula-
tion to the fingers. It is also recommended to treat inter-
mittent claudication, a circulatory condition that results
in painful cramping of the calf muscles in the leg and
impairs the ability to walk. German herbalists recom-
mend ingesting the extract for treatment of leg ulcers,
and large doses are used to treat varicose veins. Ginkgo
is widely recommended in Europe for the treatment of
stroke. The dried leaf extract may also act to prevent
hemmorrhagic stroke by strengthening the blood capil-
laries throughout the body. In studies of patients with
atherosclerotic clogging of the penile artery, long-term
therapy with ginkgo extract has provided significant
improvement in erectile function. Ginkgo extract also
acts to eliminate damaging free-radicals in the body, and
has been shown to be effective in treatment of premen-
strual syndrome, relieving tender or painful breasts.
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Ginkgo biloba leaves. (Photograph by Robert J. Huffman. Field
Mark Publications. Reproduced by permission.)

Ginkgo extract has proven benefits to elderly per-
sons. This ancient herb acts to enhance oxygen utiliza-
tion and thus improves memory, concentration, and other
mental faculties. The herbal extract is used to treat
Alzheimer’s disease. It has been shown to have benefi-
cial effect on the hippocampus, an area of the brain
affected by Alzheimer’s disease. The herbal extract has
also been shown to significantly improve long-distance
vision and may reverse damage to the retina of the eye.
Studies have also confirmed its value in the treatment of
depression in elderly persons. The ginkgo extract may
provide relief for persons with headache, sinusitis, and
vertigo. It may also help relieve chronic ringing in the
ears known as tinnitus.

The active constituents in the ginkgo tree, known as
ginkgolides, interfere with a blood protein known as the
platelet activating factor, or PAF. Other phytochemicals
in ginkgo include flavonoids, biflavonoides, proantho-
cyanidins, trilactonic diterpenes (including the
ginkgolides A, B, C, and M), and bilabolide, a trilactonic
sesquiterpene. The therapeutic effects of this herb have
not been attributed to a single chemical constituent;
rather, the medicinal benefits are due to the synergy
between the various chemical constituents. The standard-
ized extract of ginkgo must be taken consistently to be
effective. A period of at least 12 weeks of use may be
required before the beneficial results are evident.

Preparations

Ginkgo’s active principles are dilute in the leaves.
The herb must be processed to extract the active phyto-
chemicals before it is medicinally useful. It would take
an estimated 50 fresh ginkgo leaves to yield one standard
dose of the extract. Dry extracts of the leaf, standardized
to a potency of 24% flavone glycosides and 6% terpenes,
are commercially available. A standard dose is 40 mg,
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three times daily, though dosages as high as 240 mg daily
are sometimes indicated.

Ginkgo extracts are widely used in Europe where
they are sold in prescription form or over the counter as
an approved drug. This is not the case in the United
States, where ginkgo extract is sold as a food supplement
in tablet and capsule form.

Precautions

Ginkgo is generally safe and non-toxic in therapeu-
tic dosages. Exceeding a daily dose of 240 mg of the
dried extract may result in restlessness, diarrhea, and
mild gastrointestinal disorders. Those on anticoagulants
should have their doctor adjust their dose or should avoid
ginkgo in order to avoid over-thinning their blood and
hemorrhaging. Ginkgo should be avoided two days
before and one to two weeks after surgery to avoid bleed-
ing complications.

Side effects

Severe allergic skin reactions, similar to those
caused by poison ivy, have been reported after contact
with the fruit pulp of ginkgo. Eating even a small amount
of the fruit has caused severe gastrointestinal irritation in
some persons. People with persistent headaches should
stop taking ginkgo. Some patients on medications for
nervous system disease should avoid ginkgo. It can inter-
act with some other medicines, but clinical information
is still emerging.

Interactions

The chemically active ginkgolides present in the
extract, specifically the ginkgolide B component, act to
reduce the clotting time of blood and may interact with
antithrombotic medicines, including aspirin.

Resources

BOOKS

Duke, James A., Ph.D. The Green Pharmacy. Emmaus, PA:
Rodale Press, 1997.

Elias, Jason, and Shelagh Ryan Masline. The A to Z Guide to
Healing Herbal Remedies. New York: Lynn Sonberg Book
Associates, 1996.

Murray, Michael T. The Healing Power of Herbs. 2nd ed.
Roseville, CA: Prima Publications, Inc., 1995.

Ody, Penelope. The Complete Medicinal Herbal. New York:
DK Publishing, Inc., 1993.

PDR for Herbal Medicines. Montvale, NJ: Medical Economics
Company, 1998.

Prevention’s 200 Herbal Remedies. Emmaus, PA: Rodale
Press, Inc., 1997.
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Tyler, Varro E., Ph.D. Herbs Of Choice, The Therapeutic Use
of Phytomedicinals. Binghamton, NY: Haworth Press,
Inc., 1994.

Tyler, Varro E., Ph.D. The Honest Herbal. Binghamton, NY:
Haworth Press, Inc., 1993.

Weiss, Gaea and Shandor. Growing & Using The Healing
Herbs. New York: Random House Value Pub., Inc., 1992.

Clare Hanrahan

I Ginseng, Korean
Definition

Korean ginseng is one of the most widely used and
acclaimed herbs in the world. Its scientific name is Panax
ginseng, which is the species from which Chinese, Kore-
an, red, and white ginseng are produced. Chinese and
Korean ginseng are the same plant cultivated in different
regions, and have slightly different properties according
to Chinese medicine. White ginseng is simply the dried
or powdered root of Korean ginseng, while red ginseng is
the same root that is steamed and dried in heat or sun-
light. Red ginseng is said to be slightly stronger and
more stimulating in the body than white, according to
Chinese herbalism.

Description

Korean ginseng has had a long and illustrious histo-
ry as an herb for health, and has been used for thousands
of years throughout the Orient as a medicine and tonic.
Early Chinese medicine texts written in the first century
A.D. mention ginseng, and ginseng has long been classi-
fied by Chinese medicine as a “superior” herb. This
means it is said to promote longevity and vitality. Leg-
ends around the world have touted ginseng as an aphro-
disiac and sexual tonic. Researchers have found a slight
connection between sex drive and consuming ginseng,
although a direct link and the mechanism of action are
still researched and disputed.

Korean ginseng grows on moist, shaded mountain-
sides in China, Korea, and Russia. It is a perennial herb
that reaches heights of two or more feet, and is distin-
guished by its dark green leaves and red clusters of
berries. The root of the plant is the part valued for its
medicinal properties. The root is long and slender and
sometimes resembles the shape of the human body.
Asian legends claim that this “man-root” has magical
powers for those lucky enough to afford or find it, and
the roots bearing the closest resemblance to the human
body are still the most valuable ones. The word ren shen
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in Chinese means roughly “the essence of the earth in the
shape of a man.”

Korean ginseng has historically been one of the most
expensive of herbs, as it has been highly in demand in
China and the Far East for centuries. Wars have been
fought in Asia over lands where it grew wild. Wild Kore-
an ginseng is now nearly extinct from many regions. Sin-
gle roots of wild plants have recently been auctioned in
China and New York City for sums approaching $50,000.
Most of the world’s supply of Korean ginseng is cultivat-
ed by farmers in Korea and China.

Because of the number of herbs sold under the name
of ginseng, there can be some confusion for the con-
sumer. Korean ginseng is a member of the Araliaceae
family of plants, which also includes closely related
American ginseng (Panax quinquefolius) and Siberian
ginseng (Eleutherococcus senticosus). Both American
and Siberian ginseng are considered by Chinese herbal-
ists to be different herbs than Korean ginseng, and are
said to have different effects and healing properties in the
body. To add more confusion, there are eight herbs in
Chinese medicine which are sometimes called ginseng,
including black ginseng, purple ginseng, and prince’s
ginseng, some of which are not at all botanically related
to Panax ginseng, so consumers should choose ginseng
products with awareness.

Purpose

The word panax is formed from Greek roots mean-
ing “cure-all,” and Panax ginseng has long been consid-
ered to be one of the great healing and strengthening
herbs in natural medicine. Ginseng is classified as an
adaptogen, which is a substance that helps the body
adapt to stress and balance itself without causing major
side effects. Korean ginseng is used as a tonic for
improving overall health and stamina, and Chinese
herbalists particularly recommend it for the ill, weak, or
elderly. Korean ginseng has long been asserted to have
longevity, anti-senility, and memory improvement effects
in the aged population. As it helps the body to adapt to
stress, athletes may use ginseng as herbal support during
rigorous training. Korean ginseng generally increases
physical and mental energy. It is a good tonic for the
adrenal glands, and is used by those suffering from
exhaustion, burnout, or debilitation from chronic illness.

Traditional Chinese medicine also prescribes
Korean ginseng to treat diabetes, and research has shown
that it enhances the release of insulin from the pancreas
and lowers blood sugar levels. Korean ginseng has been
demonstrated to lower blood cholesterol levels. It has
also been shown to have antioxidant effects and to
increase immune system activity, which makes it a good
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Dried Korean ginseng. (Custom Medical Stock Photo. Repro-
duced by permission.)

herbal support for those suffering from cancer and AIDS
and other chronic conditions that impair the immune sys-
tem. Further uses of Korean ginseng in Chinese medicine
include treatment of impotence, asthma, and digestive
weakness.

Research

Scientists have isolated what they believe are the pri-
mary active ingredients in ginseng, chemicals termed
saponin triterpenoid glycosides, or commonly called
ginsenocides. There are nearly 30 ginsenocides in Kore-
an ginseng. Much research on Korean ginseng has been
conducted in China, but controlled human experiments
with it have not been easily accessible to the English-
speaking world. Recent research in China was summa-
rized by Dr. C. Lui in the February 1992 issue of the
Journal of Ethnopharmacology, where he wrote that
Panax ginseng was found to contain 28 ginsenocides that
“act on the central nervous system, cardiovascular sys-
tem and endocrine secretion, promote immune function,
and have effects on anti-aging and relieving stress.”

To summarize other research, Korean ginseng has
been shown in studies to have significant effects for the
following.
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* Physical improvement and performance enhancement
for athletes: A study performed over three years in Ger-
many showed athletes given ginseng had favorable
improvement in several categories over a control group
who took a placebo. Another 1982 study showed that
athletes given ginseng had improved oxygen intake and
faster recovery time than those given placebos.

Mental performance improvement and mood enhance-
ment: In general, studies show that ginseng enhances
mental performance, learning time, and memory. One
study of sixteen volunteers showed improvement on a
wide variety of mental tests, including mathematics.
Another study showed that those performing intricate
and mentally demanding tasks improved performance
when given Korean ginseng. Finally, a study has shown
improvement of mood in depression sufferers with the
use of ginseng.

Antifatigue and antistress actions: Patients with chronic
fatigue who were given ginseng showed a statistically
significant improvement in physical tests and in mental
attention and concentration, when compared with those
given placebos.

Lowering blood sugar: Animal studies have shown that
ginseng can facilitate the release of insulin from the
pancreas and increase the number of insulin receptors
in the body.

Antioxidant properties: Scientific analysis of ginseng
has shown that it has antioxidant effects, similar to the
effects of vitamins A, C, and E. Thus, ginseng could be
beneficial in combating the negative effects of pollu-
tion, radiation, and aging.

Cholesterol reduction: Some studies have shown that
Korean ginseng reduces total cholesterol and increases
levels of good cholesterol in the body.

Anticancer effects and immune system stimulation:
Several tests have shown that Korean ginseng increases
immune cell activity in the body, including the activity
of T-cells and lymphocytes, which are instrumental in
fighting cancer and other immune system disorders like
AIDS. A Korean study indicates that taking ginseng
may reduce the chances of getting cancer, as a survey of
more than 1,800 patients in a hospital in Seoul showed
that those who did not have cancer were more likely to
have taken ginseng regularly than those patients who
had contracted cancer.

Physical and mental improvement in the elderly: One
study showed significant improvement in an elderly test
group in visual and auditory reaction time and car-
diopulmonary function when given controlled amounts
of Korean ginseng. Korean ginseng has also been
shown to alleviate symptoms of menopause.
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« Impotence: Studies of human sexual function and Kore-
an ginseng have been generally inconclusive, despite
the wide acclaim of ginseng as a sexual tonic. Tests
with lab animals and ginseng have shown some inter-
esting results, indicating that Korean ginseng promotes
the growth of male reproductive organs, increases
sperm and testoterone levels, and increases sexual
activity in laboratory animals. In general, scientists
believe the link between ginseng and sex drive is due to
ginseng’s effect of strengthening overall health and bal-
ancing the hormonal system.

Preparations

Korean ginseng can be purchased as whole roots,
powder, liquid extracts, and tea. Roots should be sliced
and boiled in water for up to 45 minutes to extract all the
beneficial nutrients. One to five grams of dry root is the
recommended amount for one serving of tea. Herbalists
recommend that ginseng not be boiled in metal pots, to
protect its antioxidant properties. Ginseng should be
taken between meals for best assimilation.

Some high quality Korean ginseng extracts and
products are standardized to contain a specified amount
of ginsenosides. The recommended dosage for extracts
containing four to eight percent of ginsenosides is 100
mg once or twice daily. The recommended dosage for
non-standardized root powder or extracts is 1-2 g daily,
taken in capsules or as a tea. It is recommended that gin-
seng be taken in cycles and not continuously; after each
week of taking ginseng, a few days without ingesting the
herb should be observed. Likewise, Korean ginseng
should not be taken longer than two months at a time,
after which one month’s rest period should be allowed
before resuming the cycle again. Chinese herbalists rec-
ommend that ginseng be taken primarily in the autumn
and winter months.

Precautions

Consumers should be aware of the different kinds of
ginseng, and which type is best suited for them. Red
Korean ginseng is considered stronger and more stimu-
lating than white, wild ginseng is stronger than cultivat-
ed, and Korean ginseng is generally believed to be slight-
ly stronger than Chinese. Furthermore, American and
Siberian ginseng have slightly different properties than
Korean ginseng, and consumers should make an
informed choice as to which herb is best suited for them.
Chinese herbalists do not recommend Korean ginseng
for those people who have “heat” disorders in their bod-
ies, such as ulcers, high blood pressure, tension
headaches, and symptoms associated with high stress
levels. Korean ginseng is generally not recommended for
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those with symptoms of nervousness, mental imbalance,
inflammation, or fever. Korean ginseng is not recom-
mended for pregnant or lactating women, and women of
childbearing age should use ginseng sparingly, as some
studies imply that it can influence estrogen levels. Also,
Chinese herbalists typically only prescribe ginseng to
older people or the weak, as they believe that younger
and stronger people do not benefit as much from it and
ginseng is “wasted on the young.”

Because of the number of and demand for ginseng
products on the market, consumers should search for a
reputable brand, preferably with a standardized percent-
age of active ingredients. To illustrate the mislabeling
found with some ginseng products, Consumer Reports
magazine analyzed ten nationally-distributed ginseng
products in 1995. They found that several of them lacked
significant amounts of ginsenocides, despite claims on
the packaging to the contrary. Ginseng fraud has led the
American Botanical Council, publisher of HerbalGram
magazine, to initiate the Ginseng Evaluation Program, a
comprehensive study and standardization of ginseng
products on the American market. This study and its
labeling standards are still under development, and con-
sumers should watch for it.

Side effects

Korean ginseng acts as a slight stimulant in the
body, and in some cases can cause overstimulation, irri-
tability, nervousness and insomnia, although strong side
effects are generally rare. Taking too high a dosage of
ginseng, or taking ginseng for too long without a break,
can cause ginseng intoxication, for which symptoms
might include headaches, insomnia, seeing spots, dizzi-
ness, shortage of breath and gastrointestinal discomfort.
Long term use may cause menstrual abnormalities and
breast tenderness in some women.

Interactions

Those taking hormonal drugs should use ginseng
with care. Ginseng should not be taken with caffeine or
other stimulants as these may increase its stimulatory
effects and cause uncomfortable side effects.

Resources

BOOKS

Duke, J.A. Ginseng: A Concise Handbook. Algonac, MI: Ref-
erence Publications, 1989.
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Fulder, Stephan. The Book of Ginseng and Other Chinese
Herbs for Vitality. Rochester, VT: Healing Arts Press,
1993.
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KEY TERMS

Adaptogen—Substance that improves the body’s
ability to adapt to stress.

Ginsenocide—Active substances found in gin-
seng.

Hobbs, Christopher. Ginseng: The Energy Herb. Loveland,
CO: Botanica Press, 1996.

PERIODICALS

HerbalGram (a quarterly journal of the American Botanical
Council and Herb Research Foundation). P.O. Box
144345, Austin, TX 78714-4345. (800) 373-7105.

Douglas Dupler

I Glaucoma
Definition

Glaucoma is a group of eye diseases characterized by
damage to the optic nerve usually due to excessively high
intraocular pressure (IOP).This increased pressure within
the eye, if untreated can lead to optic nerve damage result-
ing in progressive, permanent vision loss, starting with
unnoticeable blind spots at the edges of the field of vision,
progressing to tunnel vision, and then to blindness.

Description

Between two to three million people in the United
States have glaucoma, and 120,000 of those are legally
blind as a result. It is the leading cause of preventable
blindness in the United States and the most frequent
cause of blindness in African-Americans, who are at
about a three-fold higher risk of glaucoma than the rest
of the population. The risk of glaucoma increases dra-
matically with age, but it can strike any age group, even
newborn infants and fetuses.

Glaucoma can be classified into two categories:
open-angle glaucoma and narrow-angle glaucoma. To
understand what glaucoma is and what these terms mean,
it is useful to understand eye structure.

Eyes are sphere-shaped. A tough, non-leaky protec-
tive sheath (the sclera) covers the entire eye, except for
the clear cornea at the front and the optic nerve at the
back. Light comes into the eye through the cornea, then

1457

ewoone|n



Glaucoma

passes through the lens, which focuses it onto the retina
(the innermost surface at the back of the eye). The rods
and cones of the retina transform the light energy into
electrical messages, which are transmitted to the brain by
the bundle of nerves known as the optic nerve.

The iris, the colored part of the eye shaped like a
round picture frame, is between the dome-shaped cornea
and the lens. It controls the amount of light that enters
the eye by opening and closing its central hole (pupil)
like the diaphragm in a camera. The iris, cornea, and lens
are bathed in a liquid called the aqueous humor, which is
somewhat similar to plasma. This liquid is continually
produced by nearby ciliary tissues and moved out of the
eye into the bloodstream by a system of drainage canals
(called the trabecular meshwork). The drainage area is
located in front of the iris, in the angle formed between
the iris and the point at which the iris appears to meet the
inside of the cornea.

Glaucoma occurs if the aqueous humor is not
removed rapidly enough or if it is made too rapidly, caus-
ing pressure to build-up. The high pressure distorts the
shape of the optic nerve and destroys the nerve. Destroyed
nerve cells result in blind spots in places where the image
from the retina is not being transmitted to the brain.

Open-angle glaucoma accounts for over 90% of all
cases. It is called “open-angle” because the angle between
the iris and the cornea is open, allowing drainage of the
aqueous humor. It is usually chronic and progresses slow-
ly. In narrow-angle glaucoma, the angle where aqueous
fluid drainage occurs is narrow, and therefore may drain
slowly or may be at risk of becoming closed. A closed-
angle glaucoma attack is usually acute, occurring when
the drainage area is blocked. This can occur, for example,
if the iris and lens suddenly adhere to each other and the
iris is pushed forward. In patients with very narrow
angles, this can occur when the eyes dilate (e.g., when
entering a dark room, or if taking certain medications).

Congenital glaucoma occurs in babies and is the
result of incomplete development of the eye’s drainage
canals during embryonic development. Microsurgery can
often correct the defects or they can be treated with a
combination of medicine and surgery.

One rare form of open-angle glaucoma, normal ten-
sion glaucoma, is different. People with normal-tension
glaucoma have optic nerve damage in the presence of
normal IOP. As of 1998, the mechanism of this disease is
a mystery but is generally detected after an examination
of the optic nerve. Those at higher risk for this form of
glaucoma are people with a familial history of normal
tension glaucoma, people of Japanese ancestory, and
people with a history of systemic heart disease such as
irregular heart rhythm.
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Glaucoma is also a secondary condition of over 60
widely diverse diseases and can also result from injury,
inflammation, tumor, or in advanced cases of cataract or
diabetes.

Causes and symptoms
Causes

The cause of vision loss in all forms of glaucoma is
optic nerve damage. There are many underlying causes
and forms of glaucoma. Most causes of glaucoma are not
known, but it is clear that a number of different processes
are involved, and a malfunction in any one of them could
cause glaucoma. For example, trauma to the eye could
result in the angle becoming blocked, or, as a person
ages, the lens becomes larger and may push the iris for-
ward. The cause of optic nerve damage in normal-tension
glaucoma is also unknown, but there is speculation that
the optic nerves of these patients are susceptible to dam-
age at lower pressures than what is usually considered to
be abnormally high.

It is probable that most glaucoma is inherited. At
least ten defective genes that cause glaucoma have been
identified.

Symptoms

At first, chronic open-angle glaucoma is without
noticeable symptoms. The pressure build-up is gradual
and there is no discomfort. Moreover, the vision loss is
too gradual to be noticed and each eye fills-in the image
where its partner has a blind spot. However, if it is not
treated, vision loss becomes evident, and the condition
can be very painful.

On the other hand, acute closed-angle glaucoma is
obvious from the beginning of an attack. The symptoms
are, blurred vision, severe pain, sensitivity to light, nau-
sea, and halos around lights. The normally clear corneas
may be hazy. This is an ocular emergency and needs to
be treated immediately.

Similarly, congenital glaucoma is evident at birth.
Symptoms are bulging eyes, cloudy corneas, excessive
tearing, and sensitivity to light.

Diagnosis

Intraocular pressure, visual field defects, the angle in
the eye where the iris meets the cornea, and the appear-
ance of the optic nerve are all considered in the diagnosis
of glaucoma. IOP is measured with an instrument known
as a tonometer. One type of tonometer involves numbing
the eye with an eyedrop that has a yellow coloring in it
and touching the cornea with a small probe. This quick
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test is a routine part of an eye examination and is usually
included without extra charge in the cost of a visit to an
ophthalmologist or optometrist.

Ophthalmoscopes, hand-held instruments with a
light source, are used to detect optic nerve damage by
looking through the pupil. The optic nerve is examined
for changes; the remainder of the back of the eye can be
examined as well. Other types of lenses that can be used
to examine the back of the eye may also be used. A slit
lamp will allow the doctor to examine the front of the eye
(i.e., cornea, iris, and lens).

Visual field tests (perimetry) can detect blind spots
in a patient’s field of vision before the patient is aware of
them. Certain defects may indicate glaucoma.

Another test, gonioscopy, can distinguish between
narrow-angle and open-angle glaucoma. A gonioscope,
which is a hand-held contact lens with a mirror, allows
visualization of the angle between the iris and the cornea.

Intraocular pressure can vary throughout the day. For
that reason, the doctor may have a patient return for sever-
al visits to measure the IOP at different times of the day.

Treatment
Medications

When glaucoma is diagnosed, drugs, typically given
as eye drops, are usually tried before surgery. Several
classes of medications are effective at lowering IOP and
thus preventing optic nerve damage in chronic and
neonatal glaucoma. Beta blockers, like Timoptic; car-
bonic anhydrase inhibitors, like acetazolamide; and
alpha-2 agonists, such as Alphagan, inhibit the produc-
tion of aqueous humor. Miotics, like pilocarpine, and
prostaglandin analogues, like Xalatan, increase the out-
flow of aqueous humor. Cosopt is the first eyedrop that is
a combined beta blocker (Timoptic) and carbonic anhy-
drase inhibitor and may be helpful for patients required
to take more than one glaucoma medication each day.
The Food and drug administration recently approved two
new prostaglandin-related drugs, Travatan and Lumigan
on March 16, 2001. These drugs work by decreasing
intraocular pressure and may be considered for people
with glaucoma that are unable to tolerate other IOP low-
ering drugs. Additionally, Travatan may work best for
African-Americans with glaucoma (a population at high
risk for glaucoma).

It is important for patients to tell their doctors about
any conditions they have or medications they are taking.
Certain drugs used to treat glaucoma should not be pre-
scribed for patients with pre-existing conditions. All of
these drugs mentioned above have side effects, some of
which are rare but serious and potentially life-threaten-
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A close-up view of an inflamed eye with acute glaucoma
and an irregularly enlarged pupil. (Custom Medical Stock
Photo. Reproduced by permission.)

ing, so patients taking them should be monitored closely,
especially for cardiovascular, pulmonary, and behavioral
symptoms. Different medications lower IOP by different
amounts, and a combination of medications may be nec-
essary. It is important that patients take their medications
and that their regimens are monitored regularly, to be
sure that the IOP is lowered sufficiently. IOP should be
measured three to four times per year.

As of 1998, normal-tension glaucoma is treated in
the same way as chronic high-intraocular-pressure glau-
coma. This reduces IOP to less-than-normal levels, on the
theory that overly susceptible optic nerves are less likely
to be damaged at lower pressures. Research underway
may point to better treatments for this form of glaucoma.

Attacks of acute closed-angle glaucoma are medical
emergencies. IOP is rapidly lowered by successive
deployment of acetazolamide, hyperosmotic agents, a
topical beta-blocker, and pilocarpine. Epinephrine should
not be used because it exacerbates angle closure.

Surgery

There are several types of laser surgery used to treat
glaucoma. Laser peripheral iridotomy makes an opening
in the iris allowing the fluid to drain, argon laser trabecu-
loplasty is aimed at the fluid channel opening to help the
drainage system function and laser cyclophotocoagula-
tion is used to decrease the amount of fluid made. Micro-
surgery, also called “filtering surgery” has been used in
many different types of glaucoma. A new opening is cre-
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Agonist—A drug that mimics one of the body’s own
molecules.

Alpha-2 agonist (alpha-2 adrenergic receptor ago-
nist)—A class of drugs that bind to and stimulate
alpha-2 adrenergic receptors, causing responses
similar to those of adrenaline and noradrenaline.
They inhibit aqueous humor production and a have
a wide variety of effects, including dry mouth,
fatigue, and drowsiness.

Aqueous humor—A transparent liquid, contained
within the eye, that is composed of water, sugars,
vitamins, proteins, and other nutrients.

Betablocker (beta-adrenergic blocker)—A class of
drugs that bind beta-adrenergic receptors and thereby
decrease the ability of the body’s own natural epi-
nephrine to bind to those receptors, leading to inhibi-
tion of various processes in the body’s sympathetic
system. Betablockers can slow the heart rate, constrict
airways in the lungs, lower blood pressure, and
reduce aqueous secretion by ciliary tissues in the eye.

Carbonic anhydrase inhibitor—A class of diuretic
drugs that inhibit the enzyme carbonic anhydrase,
an enzyme involved in producing bicarbonate,
which is required for aqueous humor production by
the ciliary tissues in the eye. Thus, inhibitors of this
enzyme inhibit aqueous humor production. Some
side effects are urinary frequency, kidney stones,
loss of the sense of taste, depression, and anemia.

Cornea—Clear, bowl-shaped structure at the front
of the eye. It is located in front of the colored part of
the eye (iris). The cornea lets light into the eye and
partially focuses it.

Gonioscope—An instrument used to examine the
trabecular meshwork; consists of a magnifier and a
lens equipped with mirrors, which sits on the
patient’s cornea.

Hyperosmotic drugs—Refers to a class of drugs for
glaucoma that increase the osmotic pressure in the
blood, which then pulls water from the eye into the
blood.

ated in the sclera allowing the intraocular fluid to bypass
the blocked drainage canals. The tissue over this opening
forms a little blister or bleb on the clear conjuctiva that
Doctors monitor ensuring that fluid is draining. These
surgeries are usually successful, but the effects often last
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Iris—The colored part of the eye just behind the
cornea and in front of the lens that controls the
amount of light sent to the retina.

Lens (the crystalline lens)—A transparent structure
in the eye that focuses light onto the retina.

Laser cyclophotocoagulation—A procedure used
for severe glaucoma in patients who have not
responded well to previous treatments. The laser
partially destroys the tissues that make the fluid of
the eye.

Laser peripheral iridotomy—This procedure makes
a drainage hole in the iris allowing the fluid to drain
from the eye

Laser Trabeculoplasty—In this procedure the laser
attempts to open the normal drainage channels of
the eye so fluid can drain more effectively.

Miotic—A drug that causes pupils to contract.

Ophthalmoscope—An instrument, with special
lighting, designed to view structures in the back of
the eye.

Optic nerve—The nerve that carries visual mes-
sages from the retina to the brain.

Prostaglandin—A group of molecules that exert
local effects on a variety of processes including
fluid balance, blood flow, and gastrointestinal func-
tion.

Prostaglandin analogue—A class of drugs that are
similar in structure and function to prostaglandin.

Retina—The inner, light-sensitive layer of the eye
containing rods and cones.

Sclera—The tough, fibrous, white outer protective
covering that surrounds the eye.

Tonometry—The measurement of pressure.

Trabecular meshwork—A sponge-like tissue locat-
ed near the cornea and iris that functions to drain
the aqueous humor from the eye into the blood.

less than a year. Nevertheless, they are an effective treat-
ment for patients whose IOP is not sufficiently lowered
by drugs and for those who can’t tolerate the drugs.
Because all surgeries have risks, patients should speak to
their doctors about the procedure being performed.
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Alternative treatment

Vitamin C, vitamin B, (thiamine), chromium,
zine,bilberry and rutin may reduce IOP.

There is evidence that medicinal marijuana lowers
IOP, too. However, marijuana has serious side effects
and contains carcinogens, and any [OP-lowering med-
ication must be taken continually to avoid optic nerve
damage. Although the Food and Drug Administration
(FDA) and National Institutes of Health (NIH) currently
recommend against treating glaucoma with marijuana,
they are supporting research to learn more about it and
to determine the feasibility of separating the compo-
nents that lower IOP from components that produce side
effects and carcinogens.

Any glaucoma patient using alternative methods to
attempt to prevent optic nerve damage should also be
under the care of a traditionally trained ophthalmologist
or optometrist who is licensed to treat glaucoma, so that
IOP and optic nerve damage can be monitored.

Prognosis

About half of the people stricken by glaucoma are
not aware of it. For them, the prognosis is not good, and
many of them will become blind. Sight lost due to glau-
coma cannot be restored. On the other hand, the progno-
sis for treated glaucoma is excellent.

Prevention

Because glaucoma may not initially result in symp-
toms, the best form of prevention is to have regular eye
exams.

Patients with narrow angles should avoid certain
medications (even over-the-counter medications, such
as some cold or allergy medications).Any person who is
glaucoma-susceptible (i.e. narrow angles and borderline
IOPs) should read the warning labels on over-the-
counter medicines and inform their physicians of prod-
ucts they are considering taking.Steroids may also raise
IOP, so patients may need to be monitored more fre-
quently if it is necessary to use steroids for another
medical condition.

Not enough is known about the underlying mecha-
nisms of glaucoma to prevent the disease itself. Howev-
er, prevention of optic nerve damage from glaucoma is
essential and can be effectively accomplished when the
condition is diagnosed and treated. As more is learned
about the genes that cause glaucoma, it will become
possible to test DNA and identify potential glaucoma
victims, so they can be treated even before their IOP
becomes elevated.
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Glaucoma surgery see Trabeculectomy
Glioma see Brain tumor
Glipizide see Antidiabetic drugs

I Glomerulonephritis
Definition

Acute glomerulonephritis is an inflammatory disease
of both kidneys predominantly affecting children from
ages two to 12. Chronic glomerulonephritis can develop
over a period of 10-20 years and is most often associated
with other systemic disease, including diabetes, malaria,
hepatitis, or systemic lupus erythematosus.

Description

Acute glomerulonephritis is an inflammation of the
glomeruli, bundles of tiny vessels inside the kidneys. The
damaged glomeruli cannot effectively filter waste prod-
ucts and excess water from the bloodstream to make
urine. The kidneys appear enlarged, fatty, and congested.

Causes and symptoms

Acute glomerulonephritis most often follows a
streptococcal infection of the throat or skin. In children,
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A close-up view of glomerulonephritis affecting the kidney.
(Custom Medical Stock Photo. Reproduced by permission.)

it is most often associated with an upper respiratory
infection, tonsillitis, or scarlet fever. Kidney symptoms
usually begin two to three weeks after the initial infec-
tion. Exposure to certain paints, glue or other organic
solvents may also be the causative agent. It is thought
that the kidney is damaged with exposure to the toxins
that are excreted into the urine.

Mild glomerulonephritis may produce no symptoms,
and diagnosis is made with laboratory studies of the
urine and blood. Individuals with more severe cases of
the disease may exhibit:

« fatigue

* nausea and vomiting
» shortness of breath

« disturbed vision

* high blood pressure

« swelling, especially noted in the face, hands, feet, and
ankles

* blood and protein in the urine, resulting in a smoky or
slightly red appearance

The individual with chronic glomerulonephritis may
discover their condition with a routine physical exam
revealing high blood pressure, or an eye exam showing
vascular or hemorrhagic changes. The kidneys may be
reduced to as little as one-fifth their normal size, consist-
ing largely of fibrous tissues.

Diagnosis

Diagnosis of glomerulonephritis is established based
on medical history, combined with laboratory studies. A
“dipstick” test of urine will reveal increased protein levels.
A 24 hour urine collection allows measurement of the
excretion of proteins and creatinine. Creatinine clearance
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from the bloodstream by the kidneys is considered an
index of the glomerular filtration rate. Blood studies may
reveal a low blood count, and may also be checked for the
presence of a streptococcal antibody titer(a sophisticated
blood test indicating presence of streptococcal infection).
A kidney biopsy may also be performed, using ultrasound
to guide the needle for obtaining the specimen.

Treatment

The main objectives in the treatment of acute
glomerulonephritis are to:

* decrease the damage to the glomeruli
* decrease the metabolic demands on the kidneys
« improve kidney function

Bedrest helps in maintaining adequate blood flow to
the kidney. If residual infection is suspected, antibiotic
therapy may be needed. In the presence of fluid overload,
diuretics may be used to increase output with urination.
Iron and vitamin supplements may be ordered if anemia
develops, and antihypertensives, if high blood pressure
accompanies the illness. In order to rest the kidney dur-
ing the acute phase, decreased sodium and protein intake
may be recommended. The amount of protein allowed is
dependent upon the amount lost in the urine, and the
requirements of the individual patient. Sodium limita-
tions depend on the amount of edema present. Fluid
restrictions are adjusted according to the patient’s urinary
output and body weight.

An accurate daily record of the patient’s weight,
fluid intake and urinary output assist in estimating kid-
ney function. The patient must be watched for signs of
complications and recurrent infection. As edema is
reduced and the urine becomes free of protein and red
blood cells, the patient is allowed to increase activity. A
woman who has had glomerulonephritis requires special
medical attention during pregnancy.

Prognosis

In acute glomerulonephritis, symptoms usually sub-
side in two weeks to several months, with 90% of children
recovering without complications and adults recovering
more slowly. Chronic glomerulonephritis is a disease that
tends to progress slowly, so that there are no symptoms
until the kidneys can no longer function. The resultant
renal failure may require dialysis or kidney transplant.

Prevention
Prevention of glomerulonephritis is best accom-

plished by avoiding upper respiratory infections, as well

GALE ENCYCLOPEDIA OF MEDICINE 2



KEY TERMS

Dialysis—A process of filtering and removing
waste products from the bloodstream. Two main
types are hemodialysis and peritoneal dialysis. In
hemodialysis, the blood flows out of the body into
a machine that filters out the waste products and
routes the cleansed blood back into the body. In
peritoneal dialysis, the cleansing occurs inside the
body. Dialysis fluid is injected into the peritoneal
cavity and wastes are filtered through the peri-
toneum, the thin membrane that surrounds the
abdominal organs.

Glomeruli—Groups of tiny blood vessels with
very thin walls that function as filters in the kidney.
Glomeruli become inflamed and are destroyed in
the disease process of glomerulonephritis.

Renal—Relating to the kidneys, from the Latin
word renes.

as other acute and chronic infections, especially those of
a streptococcal origin. Cultures of the infection site, usu-
ally the throat, should be obtained and antibiotic sensibil-
ity of the offending organism determined. Prompt med-
ical assessment for necessary antibiotic therapy should
be sought when infection is suspected. The use of pro-
phylactic immunizations is recommended as appropriate.
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Glossopharyngeal neuralgia see Neuralgia

I Glucose-6-phosphate
dehydrogenase deficiency

Definition

Glucose-6-phosphate dehydrogenase deficiency is
an inherited condition caused by a defect or defects in the
gene that codes for the enzyme, glucose-6-phosphate
dehydrogenase (G6PD). It can cause hemolytic anemia,
varying in severity from life-long anemia, to rare bouts
of anemia to total unawareness of the condition. The
episodes of hemolytic anemia are usually triggered by
oxidants, infection, or by eating fava beans.

Description

G6PD deficiency is the most common enzyme defi-
ciency in the world, with about 400 million people living
with it. It is most prevalent in people of African, Mediter-
ranean, and Asian ancestry. The incidence in different
populations varies from zero in South American Indians
to less than 0.1% of Northern Europeans to about 50% of
Kurdish males. In the United States, it is most common
among African American males; about 11 to 14% are
G6PD-deficient.

G6PD deficiency is a recessive sex-linked trait.
Thus, males have only one copy of the G6PD gene, but
females have two copies. Recessive genes are masked in
the presence of a gene that encodes normal G6PD.
Accordingly, females with one copy of the gene for
G6PD deficiency are usually normal, while males with
one copy have the trait.

G6PD is present in all human cells but is particularly
important to red blood cells. It is required to make NADPH
in red blood cells but not in other cells. It is also required to
make glutathione. Glutathione and NADPH both help pro-
tect red blood cells against oxidative damage. Thus, when
GO6PD is defective, oxidative damage to red blood cells
readily occurs, and they break open as a result. This event
is called hemolysis, and multiple hemolyses in a short time
span constitute an episode of hemolytic anemia.

As of 1998, there are almost 100 different known
forms of G6PD enzyme molecules encoded by defective
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Glucose-6-phosphate dehydrogenase deficiency

KEY TERMS

Bilirubin—A breakdown product derived from
hemoglobin; removed from the blood by the liver.

Enzyme—A protein catalyst; one of the two kinds of
biological catalysts, which are exceedingly specific;
each different enzyme only catalyzes one or two
specific reactions.

Enzyme activity—A measure of the ability of an
enzyme to catalyze a specific reaction.

Glutathione—A molecule that acts as a co-enzyme
in cellular oxidation-reduction reactions.

Hemolysis—Lysis (opening) of red blood cells, with
concomitant leakage of cell contents from the cells.

Hemolytic anemia—Anemia due to hemolysis.

Jaundice—Yellowish skin color due to liver disease.

G6PD genes, yet not one of them is completely inactive.
This suggests that G6PD is indispensable. Many G6PD
defective enzymes are deficient in their stability rather
than their initial ability to function. Since red blood cells
lack nuclei, they, unlike other cells, cannot synthesize
new enzyme molecules to replace defective ones. Hence,
we expect young red blood cells to have new, functional
G6PD and older cells to have non-functioning G6PD.
This explains why episodes of hemolytic anemia are fre-
quently self-limiting; new red blood cells are generated
with enzymes able to afford protection from oxidation.

The geographic distribution of G6PD deficiency,
allowing for migration, coincides with the geographic
distribution of malaria. This fact and survival statistics
suggest that G6PD deficiency protects against malaria.

Glucose-6-phosphate dehydrogenase deficiency is
also known as G6PD deficiency, favism, and primaquine
sensitivity.

Causes and symptoms
Causes

G6PD deficiency is caused by one copy of a defective
G6PD gene in males or two copies of a defective G6PD
gene in females. Hemolytic anemic attacks can be caused
by oxidants, infection, and or by eating fava beans.

Symptoms

The most significant consequence of this disorder is
hemolytic anemia, which is usually episodic, but the
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Neonatal—Describes babies just after they are born.

Recessive trait—An inherited trait that is outwardly
obvious only when two copies of the gene for that
trait are present—as opposed to a dominant trait
where one copy of the gene for the dominant trait is
sufficient to display the trait. The recessive condi-
tion is said to be masked by the presence of the
dominant gene when both are present; i.e., the
recessive condition is seen only in the absence of
the dominant gene.

Sex-linked—Refers to genes or traits carried on one
of the sex chromosomes, usually the X.

X chromosome—One of the two types of sex chro-
mosomes, present twice in female cells and once in
male cells.

vast majority of people with G6PD deficiency have no
Ssymptoms.

The many different forms of G6PD deficiency have
been divided into five classes according to severity.

* Class 1—enzyme deficiency with chronic hemolytic
anemia

* Class 2—severe enzyme deficiency with less than 10%
of normal activity

* Class 3—moderate to mild enzyme deficiency with
10-60% of normal activity

* Class 4—very mild or no enzyme deficiency

* Class 5—increased enzyme activity Fortunately, only a
small number of people fall into Class 1.

The major symptoms of hemolytic anemia are jaun-
dice, dark urine, abdominal pain, back pain, lowered red
blood cell count, and elevated bilirubin. People who suf-
fer from severe and chronic forms of G6PD deficiency in
addition may have gallstones, enlarged spleens, defec-
tive white blood cells, and cataracts.

Attacks of hemolytic anemia are serious for infants.
Brain damage and death are possible but preventable
outcomes. Newborns with G6PD deficiency are about
1.5 times as likely to get neonatal jaundice than new-
borns without G6PD deficiency.

Diagnosis
Blood tests can detect G6PD deficiency, either by

measuring the G6PD enzyme activity between episodes
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or by measuring bilirubin during an episode. Such tests
cost about $50.00. Family histories are helpful, too.

Treatment

In a typical attack of hemolytic anemia, no treatment
is needed; the patient will recover in about eight days.
However, blood transfusions are necessary in severe
cases. Recent success treating elevated bilirubin in new-
borns by exposing them to bright light has decreased the
need for neonatal transfusions.

Alternative treatment

Vitamin E and folic acid (both anti-oxidants) may
help decrease hemolysis in G6PD-deficient individuals.

Prognosis

The prognosis for almost everyone with G6PD defi-
ciency is excellent. Large studies have shown that G6PD-
deficient individuals do not acquire any illnesses more
frequently than the rest of the population. In fact the
opposite may be true for some diseases like ischemic
heart disease and cerebrovascular disease.

Prevention

Most episodes of hemolytic anemia can be prevented
by avoiding fava beans, oxidant drugs, and oxidant chem-
icals. All of the following oxidants can trigger attacks:
acetanilid, dapsone, doxorubicin, furazolidone, methyl-
ene blue, nalidixic acid, napthalene, niridazole, nitrofu-
rantoin, phenazopyridine, phenylhydrazine, primaquine,
quinidine, quinine, sulfacetamide, sulfamethoxazole, sul-
fonamide, sulfapyridine, thiazolesulfone, toluidine blue,
and trinitrotoluene. Since infections also trigger hemolyt-
ic attacks and have other dire consequences, sometimes it
is advisable to use one of the listed drugs.

It is especially important to screen newborns who
are likely to have G6PD deficiency to ensure that G6PD-
deficient babies won’t be subjected to any of the triggers
of hemolytic anemia. Pregnant women, especially in
areas where G6PD deficiency is prevalent, should avoid
eating fava beans.

Resources

BOOKS

Luzzatto, Lucio, and Atul Mehta. “Glucose 6-Phosphate Dehy-
drogenase Deficiency.” In The Metabolic and Molecular
Bases of Inherited Disease. Tth ed. Ed. Charles R. Scriver,
et al. New York: McGraw-Hill, Inc., 1995.

ORGANIZATIONS

Alliance of Genetic Support Groups. 4301 Connecticut Ave.
NW, Suite 404, Washington, D.C. 20008. (202) 966-5557.
<http://www.geneticalliance.org>.
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OTHER
Favism Home Page. <http://rialto.com/favism/index.htm>.

Lorraine Lica, PhD

Glucosylcerebroside lipidosis see Gaucher
disease

Gluten enteropathy see Celiac disease
Glyburide see Antidiabetic drugs

I Glycogen storage diseases
Definition

Glycogen serves as the primary fuel reserve for the
body’s energy needs. Glycogen storage diseases, also
known as glycogenoses, are genetically linked metabolic
disorders that involve the enzymes regulating glycogen
metabolism. Symptoms vary by the glycogen storage dis-
ease (GSD) type and can include muscle cramps and
wasting, enlarged liver, and low blood sugar. Disruption
of glycogen metabolism also affects other biochemical
pathways as the body seeks alternative fuel sources.
Accumulation of abnormal metabolic by-products can
damage the kidneys and other organs. GSD can be fatal,
but the risk hinges on the type of GSD.

Description

Most of the body’s cells rely on glucose as an energy
source. Glucose levels in the blood are very stringently
controlled within a range or 70—100 mg/dL, primarily by
hormones such as insulin and glucagon. Immediately
after a meal, blood glucose levels rise and exceed the
body’s immediate energy requirements. In a process
analogous to putting money in the bank, the body bun-
dles up the extra glucose and stores it as glycogen in the
liver and muscles. Later, as the blood glucose levels
begin to dip, the body makes a withdrawal from its
glycogen savings.

The system for glycogen metabolism relies on a
complex system of enzymes. These enzymes are respon-
sible for creating glycogen from glucose, transporting
the glycogen to and from storage areas within cells, and
extracting glucose from the glycogen as needed. Both
creating and tearing down the glycogen macromolecule
are multistep processes requiring a different enzyme at
each step. If one of these enzymes is defective and fails
to complete its step, the process halts. Such enzyme
defects are the underlying cause of GSDs.
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Glycogen storage diseases

The enzyme defect arises from an error in its gene.
Since the error is in the genetic code, GSDs can be
passed down from generation-to-generation. However,
all but one GSD are linked to autosomal genes, which
means a person inherits one copy of the gene from each
parent. Following a Mendelian inheritance pattern, the
normal gene is dominant and the defective gene is reces-
sive. As long as a child receives at least one normal gene,
there is no risk for a GSD. GSDs appear only if a person
inherits a defective gene from both parents.

The most common forms of GSD are Types [, II, I,
and IV, which may account for more than 90% of all
cases. The most common form is Type I, or von Gierke’s
disease, which occurs in one out of every 100,000 births.
Other forms, such as Types VI and IX, are so rare that
reliable statistics are not available. The overall frequency
of all forms of glycogen storage disease is approximately
one in 20,000-25,000 live births.

Causes and symptoms

GSD symptoms depend on the enzyme affected.
Since glycogen storage occurs mainly in muscles and the
liver, those sites display the most prominent symptoms.

There are at least 10 different types of GSDs which
are classified according to the enzyme affected:

* Type Ia, or von Gierke’s disease, is caused by glucose-
6-phosphatase deficiency in the liver, kidney, and small
intestine. The last step in glycogenolysis, the breaking
down of glycogen to glucose, is the transformation of
glucose-6-phosphate to glucose. In GSD I, that step
does not occur. As a result, the liver is clogged with
excess glycogen and becomes enlarged and fatty. Other
symptoms include low blood sugar and elevated levels
of lactate, lipids, and uric acid in the blood. Growth is
impaired, puberty is often delayed, and bones may be
weakened by osteoporosis. Blood platelets are also
affected and frequent nosebleeds and easy bruising are
common. Primary symptoms improve with age, but
after age 20-30, liver tumors, liver cancer, chronic
renal disease, and gout may appear.

Type Ib is caused by glucose-6-phosphatase translocase
deficiency. In order to carry out the final step of
glycogenolysis, glucose-6-phosphate has to be trans-
ported into a cell’s endoplasmic reticulum. If translo-
case, the enzyme responsible for that movement, is
missing or defective, the same symptoms occur as in
Type Ia. Additionally, the immune system is weakened
and victims are susceptible to bacterial infections, such
as pneumonia, mouth and gum infections, and inflam-
matory bowel disease. Types Ic and Id are also caused
by defects in the translocase system.
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* Type II, or Pompe’s disease or acid maltase deficiency,
is caused by lysosomal alpha-D-glucosidase deficiency
in skeletal and heart muscles. GSD II is subdivided
according to the age of onset. In the infantile form,
infants seem normal at birth, but within a few months
they develop muscle weakness, trouble breathing, and
an enlarged heart. Cardiac failure and death usually
occur before age 2, despite medical treatment. The juve-
nile and adult forms of GSD II affect mainly the skeletal
muscles in the body’s limbs and torso. Unlike the infan-
tile form, treatment can extend life, but there is no cure.
Respiratory failure is the primary cause of death.

Type III, or Cori’s disease, is caused by glycogen
debrancher enzyme deficiency in the liver, muscles, and
some blood cells, such as leukocytes and erythrocytes.
About 15% of GSD III cases only involve the liver. The
glycogen molecule is not a simple straight chain of
linked glucose molecules, but rather an intricate net-
work of short chains that branch off from one another.
In glycogenolysis, a particular enzyme is required to
unlink the branch points. When that enzyme fails,
symptoms similar to GSD I occur; in childhood, it may
be difficult to distinguish the two GSDs by symptoms
alone. In addition to the low blood sugar, retarded
growth, and enlarged liver causing a swollen abdomen,
GSD III also causes muscles prone to wasting, an
enlarged heart, and heightened levels of lipids in the
blood. The muscle wasting increases with age, but the
other symptoms become less severe.

Type IV, or Andersen’s disease, is caused by glycogen
brancher enzyme deficiency in the liver, brain, heart,
skeletal muscles, and skin fibroblasts. The glycogen
constructed in GSD IV is abnormal and insoluble. As it
accumulates in the cells, cell death leads to organ dam-
age. Infants born with GSD IV appear normal at birth,
but are diagnosed with enlarged livers and failure to
thrive within their first year. Infants who survive
beyond their first birthday develop cirrhosis of the liver
by age 3-5 and die as a result of chronic liver failure.

Type V, or McArdle’s disease, is caused by glycogen
phosphorylase deficiency in skeletal muscles. Under
normal circumstances, muscles cells rely on oxidation
of fatty acids during rest or light activity. More
demanding activity requires that they draw on their
glycogen stockpile. In GSD 'V, this form of glycogenol-
ysis is disabled and glucose is not available. The main
symptoms are muscle weakness and cramping brought
on by exercise, as well as burgundy-colored urine after
exercise due to myoglobin (a breakdown product of
muscle) in the urine.

* Type VI, or Hers’ disease, is caused by liver phosphory-
lase deficiency, which blocks the first step of
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glycogenolysis. In contrast to other GSDs, Type VI
seems to be linked to the X chromosome. Low blood
sugar is one of the key symptoms, but it is not as severe
as in some other forms of GSD. An enlarged liver and
mildly retarded growth also occur.

Type VII, or Tarui’s disease, is caused by muscle phos-
phofructokinase deficiency. Although glucose may be
available as a fuel in muscles, the cells cannot metabo-
lize it. Therefore, abnormally high levels of glycogen
are stockpiled in the muscle cells. The symptoms are
similar to GSD V, but also include anemia and
increased levels of uric acid.

Types VIII and XI are caused by defects of enzymes in
the liver phosphorylase activating-deactivating cascade
and have symptoms similar to GSD VI.

Type IX is caused by liver glycogen phosphorylase
kinase deficiency and, symptom-wise, is very similar to
GSD VI. The main differences are that the symptoms
may not be as severe and may also include exercise-
related problems in the muscles, such as pain and
cramps. The symptoms abate after puberty with proper
treatment. Most cases of GSD IX are linked to the X
chromosome and therefore affect males.

Type X is caused by a defect in the cyclic adenosine
monophosphate-dependent (AMP) kinase enzyme and
presents symptoms similar to GSDs VI and IX.

Diagnosis

Diagnosis usually occurs in infancy or childhood,
although some milder types of GSD go unnoticed well
into adulthood and old age. It is even conceivable that
some of the milder GSDs are never diagnosed.

The four major symptoms that typically lead a doc-
tor to suspect GSDs are low blood sugar, enlarged liver,
retarded growth, and an abnormal blood biochemistry
profile. A definitive diagnosis is obtained by biopsy of
the affected organ or organs. The biopsy sample is tested
for its glycogen content and assayed for enzyme activity.
There are DNA-based techniques for diagnosing some
GSDs from more easily available samples, such as blood
or skin. These DNA techniques can also be used for pre-
natal testing.

Treatment

Some GSD types cannot be treated, while others are
relatively easy to control through symptom management.
In more severe cases, receiving an organ transplant is the
only option. In the most severe cases, there are no avail-
able treatments and the victim dies within the first few
years of life.
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Of the treatable types of GSD, many are treated by
manipulating the diet. The key to managing GSD I is to
maintain consistent levels of blood glucose through a
combination of nocturnal intragastric feeding (usually
for infants and children), frequent high-carbohydrate
meals during the day, and regular oral doses of corn-
starch (people over age 2). Juvenile and adult forms of
GSD 1II can be managed somewhat by a high protein diet,
which also helps in cases of GSD III, GSD VI, and GSD
IX. GSD V and GSD VII can also be managed with a
high protein diet and by avoiding strenuous exercise.

For GSD cases in which dietary therapy is ineffec-
tive, organ transplantation may be the only viable alter-
native. Liver transplants have been effective in reversing
the symptoms of GSD IV.

Advances in genetic therapy offer hope for effective
treatment in the future. This therapy involves using virus-
es to deliver a correct form of the gene to affected cells.
Another potential therapy utilizes transgenic animals to
produce correct copies of the defective enzyme in their
milk. In late 1997, a Dutch pharmaceutical company,
Pharming Health Care Products, began clinical trials to
treat GSD II with human alpha-glucosidase derived from
the milk of transgenic rabbits. Researchers at Duke Uni-
versity in North Carolina are also focusing on a treatment
for Pompe’s disease and, aided by Synpac Pharmaceuti-
cals Limited of the United Kingdom, plan to begin clini-
cal trials of a recombinant form of the enzyme in 1998.

Prognosis

People with well-managed, treatable types of GSD
can lead long, relatively normal lives. This goal is
accomplished with the milder types of GSD, such as
Types VI, IX, and X. As the GSD type becomes more
severe, a greater level of vigilance against infections and
other complications is required. Given current treatment
options, complications such as liver disease, heart fail-
ure, and respiratory failure may not be warded-off indef-
initely. Quality of life and life expectancy are substantial-
ly decreased.

Prevention

Because GSD is an inherited condition, it is not pre-
ventable. If both parents carry the defective gene, there is
a one-in-four chance that their offspring will inherit the
disorder. Other children may be carriers or they may
miss inheriting the gene altogether.

Through chorionic villi sampling and amniocentesis,
the disorder can be detected prior to birth. Some types of
GSD can be detected even before conception occurs, if
both parents are tested for the presence of the defective
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KEY TERMS

Amniocentesis—A medical test done during preg-
nancy in which a small sample of the amniotic fluid
is taken from around the fetus. The fluid contains
fetal cells that can be examined for genetic abnor-
malities.

Autosomal gene—A gene found on one of the 22
autosomal chromosome pairs; i.e., not on a sex (X
orY) chromosome.

Chorionic villus sampling—A medical test done
during pregnancy in which a sample of the mem-
brane surrounding the fetus is removed for exami-
nation. This examination can reveal genetic fetal
abnormalities.

Glucose—A form of sugar that serves as the body’s
main energy source.

Glycogen—A macromolecule composed mainly of
glucose that serves as the storage form of glucose
that is not immediately needed by the body.

gene. Before undergoing such testing, the prospective par-
ents should meet with a genetic counselor and other pro-
fessionals in order to make an informed decision.

Resources

BOOKS

Chen, Yuan-Tsong, and Ann Burchell. “Glycogen Storage Dis-
eases.” In The Metabolic and Molecular Bases of Inherit-
ed Disease. 7th ed. Ed. Charles R. Scriver, et al. New
York: McGraw-Hill, Inc., 1995.

PERIODICALS

Goldberg, Teresia, and Alfred Slonim. “Nutrition Therapy for
Hepatic Glycogen Storage Diseases.” Journal of the
American Dietetic Association 93, no. 12 (Dec. 1993):
1423.

Talente, Gregg M., Rosalind A. Coleman, Craig Alter, et al.
“Glycogen Storage Disease in Adults.” Annals of Internal
Medicine 120 (1994): 218.

Triomphe, Teeny J. “Glycogen Storage Disease: A Basic
Understanding and Guide to Nursing Care.” Journal of
Pediatric Nursing 12, no. 4 (Aug. 1997): 238.

ORGANIZATIONS

Acid Maltase Deficiency Association. PO Box 700248, San
Antonio, TX 78270-0248. (210) 494-6144. <http://www.
amda-pompe.org>.

American Liver Foundation. 1425 Pompton Ave., Cedar Grove,
NJ 07009. (800) 223-0179. <http://www.liverfoundation.
org>.
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Glycogenolysis—The process of tearing-down a
glycogen molecule to free up glucose.

Glycogenosis—An alternate term for glycogen stor-
age disease. The plural form is glycogenoses.

Gout—A painful condition in which uric acid pre-
cipitates from the blood and accumulates in joints
and connective tissues.

Mendelian inheritance—An inheritance pattern for
autosomal gene pairs. The genetic trait displayed
results from one parent’s gene dominating over the
gene inherited from the other parent.

Osteoporosis—A disease in which the bones
become weak and brittle.

Renal disease—Kidney disease.

Transgenic animal—Animals that have had genes
from other species inserted into their genetic code.

Association for Glycogen Storage Disease. PO Box 896,
Durant, Iowa 52747-9769. (319) 785-6038.

Julia Barrett

I Glycosylated hemoglobin test
Definition

Glycosylated hemoglobin is a test that indicates how
much sugar has been in a person’s blood during the past
two to four months. It is used to monitor the effective-
ness of diabetes treatment.

Purpose

Diabetes is a disease in which a person cannot effec-
tively use sugar in the blood. Left untreated, blood sugar
levels can be very high. High sugar levels increase risk of
complications, such as damage to eyes, kidneys, heart,
nerves, blood vessels, and other organs.

A routine blood sugar test reveals how close to nor-
mal a sugar level is at the time of the test. The glycosylat-
ed hemoglobin test reveals how close to normal it has
been during the past several months.
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This information helps a physician evaluate how
well a person is responding to diabetes treatment and to
determine how long sugar levels have been high in a per-
son newly diagnosed with diabetes.

Description

The Diabetes Control and Complications Trial
(DCCT) demonstrated that persons with diabetes who
maintained blood glucose (sugar) and total fasting hemo-
globin levels at or close to a normal range decreased their
risk of complications by 50-75%. Based on results of this
study, the American Diabetes Association (ADA) recom-
mends routine glycosylated hemoglobin testing to mea-
sure long-term control of blood sugar.

Glycosylated hemoglobin measures the percentage
of hemoglobin bound to glucose. Hemoglobin is a pro-
tein found in every red blood cell. As hemoglobin and
glucose are together in the red blood cell, the glucose
gradually binds to the Alc form of hemoglobin in a
process called glycosylation. The amount bound reflects
how much glucose has been in the blood during the past
average 120-day lifespan of red cells.

Several methods are used to measure the amount of
bound hemoglobin and glucose. They are electrophore-
sis, chromatography, and immunoassay. All are based on
the separation of hemoglobin bound to glucose from that
without glucose.

The ADA recommends glycosylated hemoglobin be
done during a person’s first diabetes evaluation, again
after treatment is begun and sugar levels are stabilized,
then repeated semiannually. If the person does not meet
treatment goals or sugar levels have not stabilized, the
test should be repeated quarterly.

Other names for the test include: Hemoglobin Alc,
Diabetic control index, GHb, glycosylated hemoglobin,
and glycated hemoglobin. The test is covered by insur-
ance. Results are usually available the following day.

Preparation

A person does not need to fast before this test. A
healthcare worker ties a tourniquet on the person’s upper
arm, locates a vein in the inner elbow region, and inserts
a needle into that vein. Vacuum action draws the blood
through the needle into an attached tube. Collection of
the sample takes only a few minutes. This test requires 5
mL of blood.

Aftercare
Discomfort or bruising may occur at the puncture

site, or the person may feel dizzy or faint. Pressure to the
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KEY TERMS

Diabetes mellitus—A disease in which a person
can't effectively use sugar in the blood to meet the
needs of the body. It is caused by a lack of the hor-
mone insulin.

Glucose—The main form of sugar used by the
body for energy.

Glycosylated hemoglobin—A test that measures
the amount of hemoglobin bound to glucose. It is
a measure of how much glucose has been in the
blood during the past two to four months.

puncture site until bleeding stops reduces bruising. Warm
packs relieve discomfort.

Normal results

Diabetes treatment should achieve glycosylated
hemoglobin levels of less than 7.0%. Normal values for a
non-diabetic person is 4.0-6.0%.

Because laboratories use different methods, results
from different laboratories can not always be compared.
The National Glycosylation Standardization Program
gives a certification to laboratories using tests standard-
ized to those used in the DCCT study.

Abnormal results

Results require interpretation by a physician with
knowledge of the person’s clinical condition, as well as
the test method used. Some methods give false high or
low results if the person has an abnormal hemoglobin,
such as hemoglobin S or F.

Conditions that increase the lifespan of red cells,
such as a splenectomy (removal of the spleen), falsely
increase levels. Conditions that decrease the lifespan,
such as hemolysis (disruption of the red blood cell mem-
brane), falsely decrease levels.

Resources

PERIODICALS

American Diabetes Association. “Position Statement: Stan-
dards of Medical Care for Patients with Diabetes Melli-
tus.” Diabetes Care (Jan. 1998): S23-31.

American Diabetes Association. ‘“Position Statement: Tests of
Glycemia in Diabetes.” Diabetes Care (Jan. 1998): S69-71.

American Diabetes Association. “Report of the Expert Com-
mittee on the Diagnosis and Classification of Diabetes
Mellitus.” Diabetes Care (July 1997): 1183-1197.
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The DCCT Research Group. “The Effects of Intensive Treat-
ment of Diabetes on the Development and Progression of
Long-Term Complications in Insulin-Dependent Diabetes
Mellitus.” New England Journal of Medicine (Sept. 1993):
977-986.

ORGANIZATIONS

American Diabetes Association. 1701 North Beauregard Street,
Alexandria, VA 22311. (800) 342-2383. <http://www.
diabetes.org>.

Centers for Disease Control and Prevention. 1600 Clifton Rd.,
NE, Atlanta, GA 30333. (800) 311-3435, (404) 639-3311.
<http://www.cdc.gov>.

National Diabetes Information Clearinghouse. 1 Information
Way, Bethesda, MD 20892-3560. (800) 860-8747. <http://
www.niddk.nih.gov/health/diabetes/ndic.htm>.

National Institute of Diabetes and Digestive and Kidney Dis-
eases (NIDDK). Building 31, Room 9A04, 31 Center
Drive, MSC 2560, Bethesda, MD 208792-2560. (301)
496-3583. <http://www.niddk.nih.gov>.

Nancy J. Nordenson

I Goiter
Definition

Goiter refers to any visible enlargement of the thy-
roid gland.

Description

The thyroid gland sits astride the trachea (windpipe)
and is shaped like a butterfly. It makes thyroxin, a hormone
that regulates the metabolic activity of the body, rather like
the gas pedal on a car. Too much thyroxin increases the
metabolism, causing weight loss, temperature elevation,
nervousness, and irritability. Too little thyroxin slows the
metabolism down, deepens the voice, causes weight gain
and water retention, and retards growth and mental devel-
opment in children. Both conditions also alter hair and skin
growth, bowel function, and menstrual flow.

Curiously, the thyroid gland is often enlarged
whether it is making too much hormone, too little, or
sometimes even when it is functioning normally. The
thyroid is controlled by the pituitary gland, which
secretes thyroid stimulating hormone (TSH) in response
to the amount of thyroxin it finds in the blood. TSH
increases the amount of thyroxin secreted by the thyroid
and also causes the thyroid gland to grow.

» Hyperthyroid goiter—If the amount of stimulating hor-
mone is excessive, the thyroid will both enlarge and
secrete too much thyroxin. The result—hyperthy-
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This woman’s goiter may have been caused by an insuffi-
cient intake of iodine. (Custom Medical Stock Photo. Repro-
duced by permission.)

roidism with a goiter. Graves’ disease is the most com-
mon form of this disorder.

 Euthyroid goiter—The thyroid is the only organ in the
body to use iodine. If dietary iodine is slightly inade-
quate, too little thyroxin will be secreted, and the pitu-
itary will sense the deficiency and produce more TSH.
The thyroid gland will enlarge enough to make suffi-
cient thyroxin.

* Hypothyroid goiter—If dietary iodine is severely
reduced, even an enlarged gland will not be able to
make enough thyroxin. The gland will keep growing
under the influence of TSH, but it may never be able to
make enough thyroxin.

Causes and symptoms

Excess TSH (or similar hormones), cysts, and
tumors will enlarge the thyroid gland. Of these, TSH
enlarges the entire gland while cysts and tumors enlarge
only a part of it.

The only symptom from a goiter is the large
swelling just above the breast bone. Rarely, it may con-
strict the trachea (windpipe) or esophagus and cause dif-
ficulty breathing or swallowing. The rest of the symp-
toms come from thyroxin or the lack of it.

Diagnosis
The size, shape, and texture of the thyroid gland help

the physician determine the cause. A battery of blood
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KEY TERMS

Cyst—A liquid-filled structure developing abnor-
mally in the body.

Euthyroid—Having the right amount of thyroxin
stimulation.

Hyperthyroid—Having too much thyroxin stimu-
lation.

Hypothyroid—Having too little thyroxin stimula-
tion.

Pituitary gland—The master gland, located in the
middle of the head, that controls most of the other
glandss by secreting stimulating hormones.

Radiotherapy—The use of ionizing radiation, either
as X rays or radioactive isotopes, to treat disease.

Thyroxin—The hormone secreted by the thyroid
gland.

tests are required to verify the specific thyroid disease.
Functional imaging studies using radioactive iodine
determine how active the gland is and what it looks like.

Treatment

Goiters of all types will regress with treatment of the
underlying condition. Dietary iodine may be all that is
needed. However, if an iodine deficient thyroid that has
grown in size to accommodate its deficiency is suddenly
supplied an adequate amount of iodine, it could suddenly
make large amounts of thyroxin and cause a thyroid storm,
the equivalent of racing your car motor at top speed.

Hyperthyroidism can be treated with medications,
therapeutic doses of radioactive iodine, or surgical reduc-
tion. Surgery is much less common now than it used to
be because of progress in drugs and radiotherapy.

Prognosis

Although goiters diminish in size, the thyroid may not
return to normal. Sometimes thyroid function does not
return after treatment, but thyroxin is easy to take as a pill.

Prevention

Euthyroid goiter and hypothyroid goiter are com-
mon around the world because many regions have inade-
quate dietary iodine, including some places in the United
States. International relief groups are providing iodized
salt to many of these populations. Because mental retar-
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dation is a common result of hypothyroidism in chil-
dren, this is an extremely important project.
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Gonadal dysgenesis see Turner syndrome

I Gonorrhea
Definition

Gonorrhea is a highly contagious sexually transmit-
ted disease that is caused by the bacterium Neisseria
gonorrhoeae. The mucous membranes of the genital
region may become inflamed without the development of
any other symptoms. When symptoms do occur, they are
different in men and women. In men, gonorrhea usually
begins as an infection of the vessel that carries urine and
sperm (urethra). In women, it will most likely infect the
narrow part of the uterus (cervix). If untreated, gonorrhea
can result in serious medical complications.

Description

Gonorrhea is commonly referred to as “the clap.”
The incidence of gonorrhea has steadily declined since
the 1980s, largely due to increased public awareness
campaigns and the risk of contracting other sexually
transmitted diseases, such as AIDS. Still, current esti-
mates range from 400,000 to as many as one million pro-
jected cases of gonorrhea in the United States each year.
These estimates vary due to the private nature of the dis-
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ease and the consequent underreporting that occurs. The
majority of reported cases of gonorrhea come from pub-
lic health clinics.

The disease affects people of all ages, races, and
socioeconomic levels, but some individuals are more at-
risk than others. Adolescents and young adults are the
highest risk group, with more than 80% of the reported
cases each year occurring in the 15-29 age group. Those
individuals with multiple sexual partners and who use no
barrier contraception, such as condoms, are most at-
risk. Reported rates vary among racial and ethnic groups.

The risk factors for gonorrhea are not unlike those
for all sexually transmitted diseases. Both men and
women can become infected through a variety of sexual
contact behaviors, including oral, anal, or vaginal inter-
course. The disease is transmitted very efficiently. In
fact, women run a 60—90% chance of contracting the dis-
ease after just one sexual encounter with an infected
male. The disease can also be transmitted from an infect-
ed mother to her infant during delivery.

Causes and symptoms

If treated early, gonorrhea can be cured. Unfortu-
nately, many individuals with gonorrhea, particularly
women, will experience no symptoms to alert them to the
possibility that they have contracted gonorrhea, and
therefore, many do not seek treatment. When present, the
symptoms and complications of gonorrhea are primarily
limited to the genital, urinary, and gastrointestinal sys-
tems and usually begin between one day and two weeks
following infection. If left untreated, serious complica-
tions can result if the disease spreads to the bloodstream
and infects the brain, heart valves, and joints. Untreated
gonorrhea can also result in severe damage to the repro-
ductive system, making an individual unable to conceive
a child (sterile).

Symptoms of gonorrhea in women

As many as 80% of women with gonorrhea show no
symptoms. If present, symptoms may include the following:

* bleeding between menstrual periods

* chronic abdominal pain.

* painful urination.

« vaginal discharge, often cloudy and yellow.

« in the case of oral infection, there may be no symptoms
or only a sore throat.

» anal infection may cause rectal itching or discharge.

Because women often do not show any symptoms,
complications are more likely to occur as the disease pro-
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gresses. The most common complication is pelvic
inflammatory disease (PID). PID can occur in up to
40% of women with gonorrhea and may result in damage
to the fallopian tubes, a pregnancy developing outside
the uterus (ectopic pregnancy), or sterility. If an infected
woman is pregnant, gonorrhea can be passed on to her
newborn through the birth canal during delivery. These
infants may experience eye infections that could lead to
blindness.

Symptoms of gonorrhea in men

Men are more likely to experience the following
symptoms:

« thick and cloudy discharge from the penis.
* burning or pain during urination.
* more frequent urination.

« in the case of oral infection, there may be no symptoms
or only a sore throat.

« anal infection may cause rectal itching or discharge.

In men, complications can affect the prostate, testi-
cles, and surrounding glands. Inflammation, tissue death
and pus formation (abscesses), and scarring can occur
and result in sterility.

Diagnosis

The diagnosis of gonorrhea can be made at a public
health clinic or a family physician office. First, the doctor
will discuss symptoms and the patient’s known contact or
at-risk behavior. There are three methods available to test
for the presence of Neisseria gonorrhoeae. These include
a culture, a Gram stain, and an ELISA test. Culture of
secretions from the infected area is the preferred method
for gonorrhea screening in patients with or without symp-
toms. A cotton swab can be used to collect enough sample
for a culture. The sample is incubated for up to two days,
providing enough time for the bacteria to multiply and be
accurately identified. This test is nearly 100% accurate.

Gram stains are more accurate in the diagnosis of
gonorrhea in men than in women. To perform this test, a
small amount of discharge from the infected area will
be placed on a slide, stained with a special dye, and
examined under a microscope for the presence of the
gonococcus bacteria. The advantage to this test is that
results can be obtained very quickly at the initial visit.
Because it requires that the physician or technician to
be able to recognize and accurately identify the bacteria
simply by looking at it under a microscope, however,
this test is only approximately 70% accurate. As a
result, one of the other methods will also probably be
used to confirm the diagnosis.
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ELISA, or enzyme-linked immunosorbent assay, has
emerged as a rapid and sensitive test for gonorrhea. It is
much more sensitive than the gram stain and is more conve-
nient than the culture test, which involves the transport and
storage of samples. As of late 1997, several other diagnostic
tests were being researched with the goal of providing a
cost-effective method of screening for a variety of sexually
transmitted diseases. One of the most interesting of these is
a home test that can be taken by the patient themselves,
allowing for a degree of privacy and confidentiality.

When a patient suspects exposure to or experiences
symptoms of gonorrhea, he or she may see a public
health provider or family practice physician. Physicians
trained in obstetrics or gynecology may also be involved,
particularly if gynecological complications occur. Men
who experience complications may be referred to a urol-
ogist. There are also infectious disease doctors who spe-
cialize in the treatment and research of all infectious dis-
eases, including those transmitted sexually. All doctors
must report this highly contagious disease to public
health officials, and patients are asked to provide the
names of sex partners during the suspected period of
infection so that they can be notified of the risk.

Treatment

Gonorrhea has become more difficult and expensive
to treat since the 1970s, due to the increased resistance of
gonorrhea to certain antibiotics. In fact, according to pro-
jections from the Centers for Disease Control and Preven-
tion, 30% of the strains of gonorrhea were resistant to
routine antibiotics in 1994, and resistance has been
increasing steadily. Furthermore, many patients have both
gonorrhea and chlamydial infections. Therefore, two drug
treatment regimens are common. Medications used to
treat gonorrhea include ceftriaxone, cefixime, spectino-
mycin, ciprofloxacin, and ofloxacin. Ceftriaxone and
doxycycline or azithromycin are often given simultane-
ously to treat possible co-existing chlamydia (in pregnant
women, erythromycin should be substituted for the afore-
mentioned anti-chlamydial agents).

An extremely important consideration is to make
sure that all of the prescribed medication is taken. If a
course of antibiotics is not completed, the medication will
only kill those organisms that are susceptible to the
antibiotic, allowing those that are resistant to the effects
of that particular antibiotic to multiply and possibly cause
anew infection that will be more difficult to treat. Patients
should refrain from sexual intercourse until treatment is
complete and return for follow-up testing. Any sexual
partners during the time of infection, even if those part-
ners do not show symptoms, should be notified and treat-
ed when any sexually transmitted disease is involved.
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A transmission electron microscopy (TEM) image of Neisse-
ria gonorrhoeae. (Custom Medical Stock Photo. Reproduced
by permission.)

Alternative treatment

Although there is no known alternative to antibiotics
in the treatment of gonorrhea, there are herbs and miner-
als that may be used to supplement antibiotic treatment:

e Lactobacillus acidophilus or live-culture yogurts are
helpful, while taking antibiotics, to replenish gastroin-
testinal flora.

« The following supplements may be used to improve the
body’s immune function: zinc, multivitamins and min-
eral complexes, vitamin C, and garlic (Allium sativum).

« Several herbs may reduce some symptoms or help
speed healing: kelp has balanced vitamins and miner-
als. Calendula (Calendula officinalis), myrrh (Com-
miphora molmol), and thuja (Thuja occidentalis) may
help reduce discharge and inflammation when used as a
tea or douche.

* Hot baths may also help reduce pain and inflammation.

* A variety of herbs may help with symptoms of the
reproductive and urinary systems.

« If a physician approves, fasting, combined with certain
juices, may help cleanse the urinary and gastrointestinal
systems.

» There may be acupressure and acupuncture points
that will help with system cleansing. These exact pres-
sure points can be provided and treated by an acupres-
surist or acupuncturist.

Prognosis

The prognosis for patients with gonorrhea varies
based on how early the disease is detected and treated. If
treated early and properly, patients can be entirely cured
of the disease. Up to 40% of female patients who are not
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KEY TERMS

Cervix—The narrow part or neck of the uterus.

Chlamydia—The most common bacterial sexually
transmitted disease in the United States that often
accompanies gonorrhea and is known for its lack of
evident symptoms in the majority of women.

Ectopic pregnancy—A pregnancy that occurs out-
side the uterus, such as in the fallopian tubes.
Although the fetus will not survive, in some cases,
ectopic pregnancy can also result in the death of
the mother.

ELISA—Enzyme-linked immunosorbent assay. This
test has been used a screening test for AIDS for
many years and has also been used to detect gonor-
rhea bacteria.

HIV—Human immunodeficiency virus, the virus
that causes AIDS. The risk of acquiring AIDS is
increased by the presence of gonorrhea or other
sexually transmitted diseases.

treated early may develop pelvic inflammatory disease
(PID) and the possibility of resulting sterility. Although
the risk of infertility is higher in women than in men,
men may also become sterile if the urethra becomes
inflamed (urethritis) as a result of an untreated gonor-
rhea infection. Following an episode of PID, a woman is
six to 10 times more likely, should a pregnancy occur, to
have a pregnancy develop outside the uterus (ectopic
pregnancy), which can result in death. Liver infection
may also occur in untreated women. In approximately
2% of patients with untreated gonorrhea, the gonococcal
infection may spread throughout the body and can cause
fever, arthritis-like joint pain, and skin lesions.

Prevention

Currently, there is no vaccine for gonorrhea, but sever-
al are under development. The best prevention is to abstain
from having sex or to engage in sex only when in a mutual-
ly monogamous relationship in which both partners have
been tested for gonorrhea, AIDS, and other sexually trans-
mitted diseases. The next line of defense is the use of con-
doms, which have been shown to be highly effective in pre-
venting disease (and unwanted pregnancies). To be 100%
effective, condoms must be used properly. A female birth-
control device that blocks the entry of sperm into the cervix
(diaphragm) can also reduce the risk of infection. The risk
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Neisseria gonorrhoeae—The bacterium that causes
gonorrhea. It cannot survive for any length of time
outside the human body.

Pelvic inflammatory disease (PID)—An infection of
the upper genital tract that is the most serious threat
to a woman’s ability to reproduce. At least 25% of
women who contract the disease, which can be a
complication of gonorrhea, will experience long-
term consequences such as infertility or ectopic
pregnancy.

Sexually transmitted diseases (STDs)—A group of
diseases which are transmitted by sexual contact. In
addition to gonorrhea, this groups generally
includes chlamydia, HIV (AIDS), herpes, syphilis,
and genital warts.

Sterile—Unable to conceive a child.

Urethra—The canal leading from the bladder, and
in men, also a path for sperm fluid.

Urethritis—Inflammation of the urethra.

of contracting gonorrhea increases with the number of sex-
ual partners. Any man or woman who has sexual contact
with more than one partner is advised to be tested regularly
for gonorrhea and other sexually transmitted diseases.
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I Goodpasture’s syndrome
Definition

An uncommon and life-threatening hypersensitivity
disorder believed to be an autoimmune process related to
antibody formation in the body. Goodpasture’s syndrome
is characterized by renal (kidney) disease and lung hem-
orrhage.

Description

The disorder is characterized by autoimmune reac-
tion which deposits of antibodies in the membranes of
both the lung and kidneys, causing both inflammation of
kidney (glomerulonephritis) and lung bleeding. It is
typically a disease of young males.

Causes and symptoms

The exact cause is unknown. It is an autoimmune
disorder; that is, the immune system is fighting the
body’s own normal tissues through creating antibodies
that attack the lungs and kidneys. Sometimes the disor-
der is triggered by a viral infection, or by the inhalation
of gasoline or other hydrocarbon solvents. An association
also exists between cigarette smoking and the syndrome.
The target antigen of the Goodpasture’s antibodies has
been localized to a protein chain (type IV collagen).
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Symptoms include foamy, bloody, or dark colored
urine, decreased urine output, cough with bloody spu-
tum, difficulty breathing after exertion, weakness,
fatigue, nausea or vomiting, weight loss, nonspecific
chest pain and/or pale skin.

Diagnosis

The clinician will perform a battery of tests to con-
firm a diagnosis. These tests include a complete blood
count (CBC) to confirm anemia, iron levels to check for
blood loss and blood urea nitrogen (BUN) and creatinine
levels to test the kidney function. A urinalysis will be
done to check for damage to the kidneys. A sputum test
will be done to look for specific antibodies. A chest x
ray will be done to assess the amount of fluid in the lung
tissues. A lung needle biopsy and a kidney biopsy will
show immune system deposits. The kidney biopsy can
also show the presence of the harmful antibodies that
attack the lungs and kidneys.

Treatment

Treatment is focused on slowing the progression of
the disease. Treatment is most effective when begun
early, before kidney function has deteriorated to a point
where the kidney is permanently damaged, and dialysis
is necessary. Corticosteroids, such as prednisone, or
other anti-inflammatory medications may be used to
reduce the immune response. Immune suppressants such
as cyclophosphamide or azathioprine are used aggres-
sively to reduce immune system effects.

A procedure whereby blood plasma, which contains
antibodies, is removed from the body and replaced with
fluids or donated plasma (plasmapheresis) may be per-
formed daily for two or more weeks to remove circulating
antibodies. It is fairly effective in slowing or reversing the
disorder. Dialysis to clean the blood of wastes may be
required if kidney function is poor. A kidney transplant
may be successful, especially if performed after circulat-
ing antibodies have been absent for several months.

Prognosis

The probable outcome is variable. Most cases
progress to severe renal failure and end-stage renal dis-
ease within months. Early diagnosis and treatment makes
the probable outcome more favorable.

Prevention

No known prevention of Goodpasture’s syndrome
exists. People should avoid glue sniffing and the siphon-
ing gasoline. Stopping smoking, if a family history of
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KEY TERMS

Antibody—A protein molecule produced by the
immune system in response to a protein that is not
recognized as belonging in the body.

Antigen—Any substance that, as a result of com-
ing in contact with appropriate cells,induces a
state of sensitivity and/or immune responsiveness
after a period of time and that reacts in a demon-
strable way with antibodies.

Autoimmune disorder—An abnormality within
the body whereby the immune system incorrectly
attacks the body’s normal tissues, thereby causing
disease or organ dysfunction.

Blood urea nitrogen (BUN)—A test used to mea-
sure the blood level of urea nitrogen, a waste that
is normally filtered from the kidneys.

Creatinine—A test used to measure the blood
level of creatinine, a waste product filtered out of
the blood by the kidneys. Higher than usual levels
of this substance may indicate kidney disease.

Glomerulus (glomeruli)—A small tuft of blood
capillaries in the kidney, responsible for filtering
out waste products.

renal failure exists, may prevent some cases. Early diag-
nosis and treatment may slow progression of the disorder.
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I Gout
Definition

Gout is a form of acute arthritis that causes severe
pain and swelling in the joints. It most commonly affects
the big toe, but may also affect the heel, ankle, hand,
wrist, or elbow. Gout usually comes on suddenly, goes
away after 5-10 days, and can keep recurring. Gout is
different from other forms of arthritis because it occurs
when there are high levels of uric acid circulating in the
blood, which can cause urate crystals to settle in the tis-
sues of the joints.

Description

Uric acid, which is found naturally in the blood
stream, is formed as the body breaks down waste prod-
ucts, mainly those containing purine, a substance that is
produced by the body and is also found in high concentra-
tions in some foods, including brains, liver, sardines,
anchovies, and dried peas and beans. Normally, the kid-
neys filter uric acid out of the blood and excrete it in the
urine. Sometimes, however, the body produces too much
uric acid or the kidneys aren’t efficient enough at filtering
it from the blood, and it builds up in the blood stream, a
condition known as hyperuricemia. A person’s suscepti-
bility to gout may increase because of the inheritance of
certain genes or from being overweight and eating a rich
diet. In some cases, another disease (such as lymphoma,
leukemia, or hemolytic anemia) may be the underlying
cause of the uric acid buildup that results in gout.

Hyperuricemia doesn’t always cause gout. However,
over the course of years, sharp urate crystals build up in
the synovial fluid of the joints. Often, some precipitating
event, such as an infection, surgery, a stubbed toe, or
even a heavy drinking binge can cause inflammation.
White blood cells, mistaking the urate crystals for a for-
eign invader, flood into the joint and surround the crys-
tals, causing inflammation—in other words, the redness,
swelling, and pain that are the hallmarks of a gout attack.

Causes and symptoms

As a result of high levels of uric acid in the blood,
needle-like urate crystals gradually accumulate in the
joints. Urate crystals may be present in the joint for a long
time without causing symptoms. Infection, injury to the
joint, surgery, drinking too much, or eating the wrong
kinds of foods may suddenly bring on the symptoms,
which include pain, tenderness, redness, warmth, and
swelling of the joint. In many cases, the gout attack
begins in the middle of the night. The pain is often so
excruciating that the sufferer cannot bear weight on the
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joint or tolerate the pressure of bedcovers. The inflamed
skin over the joint may be red, shiny, and dry, and the
inflammation may be accompanied by a mild fever.
These symptoms may go away in about a week and disap-
pear for months or years at a time. However, over the
course of time, attacks of gout recur more and more fre-
quently, last longer, and affect more joints. Eventually,
stone-like deposits known as tophi may build up in the
joints, ligaments, and tendons, leading to permanent joint
deformity and decreased motion. (In addition to causing
the tophi associated with gout, hyperuricemia can also
cause kidney stones, also called renal calculi or uroliths.)

Gout affects an estimated one million Americans. It
most commonly afflicts men (800,000 men versus
200,000 women). Uric-acid levels tend to increase in
men at puberty, and, because it takes 20 years of hyper-
uricemia to cause gout symptoms, men commonly devel-
op gout in their late 30s or early 40s. Women more typi-
cally develop gout later in life, starting in their 60s.
According to some medical experts, estrogen protects
against hyperuricemia, and when estrogen levels fall dur-
ing menopause, urate crystals can begin to build up in
the joints. Excess body weight, regular excessive alcohol
intake, the use of blood pressure medications called
diuretics, and high levels of certain fatty substances in
the blood (serum triglycerides) associated with an
increased risk of heart disease can all increase a person’s
risk of developing gout.

Diagnosis

Usually, physicians can diagnose gout based on the
physical examination and medical history (the patient’s
description of symptoms and other information). Doctors
can also administer a test that measures the level of uric
acid in the blood. While normal uric acid levels don’t
necessarily rule out gout and high levels don’t confirm it,
the presence of hyperuricemia increases the likelihood of
gout. The development of a tophus can confirm the diag-
nosis of gout. The most definitive way to diagnose gout
is to take a sample of fluid from the joint and test it for
urate crystals.

Treatment

The goals of treatment for gout consist of alleviating
pain, avoiding severe attacks in the future, and prevent-
ing long-term joint damage. In addition to taking pain
medications as prescribed by their doctors, people having
gout attacks are encouraged to rest and to increase the
amount of fluids that they drink.

Acute attacks of gout can be treated with nonaspirin,
nonsteroidal anti-inflammatory drugs (NSAIDs) such
as naproxen sodium (Aleve), ibuprofen (Advil), or
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Uric acid
crystals

Gout, a form of acute arthritis, most commonly occurs in
the big toe. It is caused by high levels of uric acid in the
blood, in which urate crystals settle in the tissues of the
joints and produce severe pain and swelling. (//lustration by
Electronic Illustrators Group.)

indomethacin (Indocin). In some cases, these drugs can
aggravate a peptic ulcer or existing kidney disease and
cannot be used. Doctors sometimes also use colchicine
(Colbenemid), especially in cases where nonsteroidal
anti-inflammatory drugs cannot be used. Colchicine may
cause diarrhea, which tends to go away once the patient
stops taking it. Corticosteroids such as prednisone
(Deltasone) and adrenocorticotropic hormone (Acthar)
may be given orally or may be injected directly into the
joint for a more concentrated effect. While all of these
drugs have the potential to cause side effects, they are
used for only about 48 hours and are not likely to cause
major problems. However, aspirin and closely related
drugs (salicylates) should be avoided because they can
ultimately worsen gout.

Once an acute attack has been successfully treated,
doctors try to prevent future attacks of gout and long-
term joint damage by lowering uric acid levels in the
blood. There are two types of drugs for correcting hyper-
uricemia. Uricosuric drugs, such as probenecid (Bene-
mid) and sulfinpyrazone (Anturane), lower the levels of
urate in the blood by increasing its removal from the
body (excretion) through the urine. These drugs may pro-
mote the formation of kidney stones, and they may not
work for all patients, especially those with kidney dis-
ease. Allopurinol (Zyloprim), a type of drug called a xan-
thine-oxidase inhibitor, blocks the production of urate in
the body, and can dissolve kidney stones as well as treat-
ing gout. The potential side effects of allopurinol include
rash, a skin condition known as dermatitis, and liver
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Gout drugs

KEY TERMS

Allopurinol—A drug that corrects hyperuricemia
by inhibiting urate production.

Colchicine—A drug used to treat painful flare-ups
of gout.

Corticosteroids—Medications related to a natural
body hormone called hydrocortisone, which are
used to treat inflammation.

Hyperuricemia—High levels of a waste product
called uric acid in the blood.

Probenecid—A drug that corrects hyperuricemia
by increasing the urinary excretion of urate.

Purine—A substance found in foods that is broken
down into urate and may contribute to hyper-
uricemia and gout.

Sulfinpyrazone—A drug that corrects hyperuricemia
by increasing the urinary excretion of urate.

Synovial fluid—Fluid surrounding the joints which
acts as a lubricant, reducing the friction between
the joints.

Urate crystals—Crystals formed by high levels of
uric acid in the blood.

dysfunction. Once people begin taking these medica-
tions, they must take them for life or the gout will contin-
ue to return.

Alternative treatment

The alternative medicine approach to gout focuses on
correcting hyperuricemia by losing weight and limiting
the intake of alcohol and purine-rich foods. In addition,
consuming garlic (Allium sativum) has been recommend-
ed to help prevent gout. Increasing fluid intake, especially
by drinking water, is also recommended. During an acute
attack, contrast hydrotherapy (alternating three-minute
hot compresses with 30-second cold compresses) can
help dissolve the crystals and resolve the pain faster.

Prognosis

Gout cannot be cured but usually it can be managed
successfully. As tophi dissolve, joint mobility generally
improves. (In some cases, however, medicines alone do not
dissolve the tophi and they must be removed surgically.)
Lowering uric acid in the blood also helps to prevent or
improve the kidney problems that may accompany gout.
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Prevention

For centuries, gout has been known as a “rich man’s
disease” or a disease of overindulgence in food and
drink. While this view is perhaps a little overstated and
oversimplified, lifestyle factors clearly influence a per-
son’s risk of developing gout. Since obesity and exces-
sive alcohol intake are associated with hyperuricemia
and gout, losing weight and limiting alcohol intake can
help ward off gout. Dehydration may also promote the
formation of urate crystals, so people taking diuretics or
“water pills” may be better off switching to another type
of blood pressure medication, and everyone should be
sure to drink at least six to eight glasses of water each
day. Since purine is broken down in the body into urate,
it may also be helpful to avoid foods high in purine, such
as organ meats, sardines, anchovies, red meat, gravies,
beans, beer, and wine.

Resources
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Guide. Puyallup, WA: Future Medicine Publishing, Inc.,
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I Gout drugs
Definition

Gout drugs are medicines that prevent or relieve the
symptoms of gout, a disease that affects the joints and
kidneys.

Purpose

Gout is a disease in which uric acid, a waste product
that normally passes out of the body in urine, collects
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and forms crystals in the joints and the kidneys. When
uric acid crystals build up in the joints, the tissue around
the joint becomes inflamed, and nerve endings in the
area become irritated, causing extreme pain. Uric acid
crystals in the kidneys can lead to kidney stones and
eventually to kidney failure.

The symptoms of gout—severe pain, usually in the
hand or foot (often at the base of the big toe), but some-
times in the elbow or knee—should be reported to a
health care professional. If not treated, gout can lead to
high blood pressure, deformed joints, and even death
from kidney failure. Fortunately, the condition is easily
treated. For patients who have just had their first attack,
physicians may prescribe only medicine to reduce the
pain and inflammation, such as nonsteroidal anti-
inflammatory drugs, corticosteroids, or colchicine.
Patients may also be advised to change their eating and
drinking habits, avoiding organ meats and other protein-
rich foods, cutting out alcoholic beverages, and drinking
more water. Some people never have another gout attack
after the first. For those who do, physicians may prescribe
additional drugs that either help the body get rid of uric
acid or reduce the amount of uric acid the body produces.
These drugs will not relieve gout attacks that already have
started, but will help prevent attacks when taken regularly.

Description

Three main types of drugs are used in treating gout.
Colchicine helps relieve the symptoms of gout by reduc-
ing inflammation. Allopurinol (Lopurin, Zyloprim)
reduces the amount of uric acid produced in the body.
Probenecid (Benemid, Probalan) and sulfinpyrazone
(Anturane) help the body get rid of excess uric acid.
Physicians may recommend that patients take more than
one type of gout drug at the same time. Some of these
medicines may also be prescribed for other medical con-
ditions that are caused by too much uric acid in the body.

Recommended dosage

The recommended dosage depends on the type of
gout drug. Check with the physician who prescribed the
drug or the pharmacist who filled the prescription for the
correct dosage.

Always take gout drugs exactly as directed. Never
take larger or more frequent doses than recommended.
Patients who are told to take more than one gout drug
should carefully follow the physician’s directions for tak-
ing all medicines.

Gout drugs such as allopurinol, probenecid, and
sulfinpyrazone must be taken regularly to prevent gout
attacks. The medicine may take some time to begin
working, so gout attacks may continue for awhile after
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starting to take the drug. Continuing to take the drug is
important, even if it does not seem to be working at first.

Colchicine may be taken regularly in low doses to
help prevent gout attacks or in high doses for only a few
hours at a time to relieve an attack. The chance of serious
side effects is greater when this medicine is taken in high
doses for short periods.

Precautions

Seeing a physician regularly while taking gout drugs
is important. The physician will check to make sure the
medicine is working as it should and will watch for
unwanted side effects. Blood tests may be ordered to
help the physician monitor how well the drug is working.

Drinking alcohol, including beer and wine, may
increase the amount of uric acid in the body and may
interfere with the effects of gout medicine. People with
gout (or other conditions that result from excess uric
acid) may need to limit the amount of alcohol they drink
or stop drinking alcohol altogether.

Some people feel drowsy or less alert when taking
gout drugs. Anyone who takes this type of medicine
should not drive, use machines or do anything else that
might be dangerous until they have found out how the
drugs affect them.

Some gout drugs may change the results of certain
medical tests. Before having medical tests, anyone taking
this medicine should alert the health care professional in
charge.

Older people may be especially sensitive to the
effects of colchicine. The drug may also stay in their
bodies longer than it does in younger people. Both the
increased sensitivity to the drug and the longer time for
the drug to leave the body may increase the chance of
side effects.

Special conditions

People who have certain medical conditions or who
are taking certain other medicines can have problems if
they take gout drugs. Before taking these drugs, be sure
to let the physician know about any of these conditions:

ALLERGIES. Anyone who has ever had unusual reac-
tions to gout drugs or to medicines used to relieve pain or
inflammation should let his or her physician know before
taking gout drugs. The physician should also be told
about any allergies to foods, dyes, preservatives, or other
substances.

DIABETES. Some gout drugs may cause false results
on certain urine sugar tests, but not on others. Diabetic
patients who take gout drugs should check with their
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Gout drugs

physicians to find out if their medicine will affect the
results of their urine sugar tests.

PREGNANCY. The effects of taking gout drugs dur-
ing pregnancy are not fully understood. Women who are
pregnant or who may become pregnant should check
with their physicians before using gout drugs.

BREASTFEEDING. Gout drugs may pass into breast
milk. Women who are taking this medicine and want to
breastfeed their babies should check with their physicians.

OTHER MEDICAL CONDITIONS. Gout drugs may
cause problems for people with certain medical condi-
tions. For example, the risk of severe allergic reactions or
other serious side effects is greater when people with
these medical conditions take certain gout drugs:

* congestive heart disease

* high blood pressure

* blood disease

« diabetes

* kidney disease or kidney stones

« cancer being treated with drugs or radiation

» stomach or intestinal problems, including stomach
ulcer (now or in the past)

Before using gout drugs, people with any of medical
problems listed above should make sure their physicians
are aware of their conditions.

USE OF CERTAIN MEDICINES. Taking gout drugs
with certain other drugs may affect the way the drugs
work or may increase the chance of side effects.

Side effects

A skin rash that develops during treatment with gout
drugs may be a sign of a serious and possibly life-threat-
ening reaction. If any of these symptoms occur, stop tak-
ing the medicine and check with a physician immediately:

« skin rash, itching, or hives
« scaly or peeling skin

« chills, fever, sore throat, nausea and vomiting, yel-
low skin or eyes, joint pain, muscle aches or pains—
especially if these symptoms occur at the same time or
shortly after a skin rash

Patients taking colchicine should stop taking it
immediately if they have diarrhea, stomach pain, nau-
sea, or vomiting. If these symptoms continue for 3 hours
or more after the medicine is stopped, check with a
physician.

Other side effects of may also need medical atten-
tion. If any of the following symptoms occur while tak-
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ing gout drugs, check with the physician who prescribed
the medicine as soon as possible:

* pain in the side or lower back
* painful urination
* blood in the urine

Less serious side effects, such as headache, loss of
appetite, and joint pain and inflammation usually go
away as the body adjusts to the drug and do not need
medical treatment.

Other side effects may occur. Anyone who has
unusual symptoms while taking gout drugs should get in
touch with his or her physician.

Interactions

Gout drugs may interact with other medicines.
When this happens, the effects of one or both of the
drugs may change or the risk of side effects may be
greater. Anyone who takes gout drugs should let the
physician know all other medicines he or she is taking.
Among the drugs that may interact with gout drugs are:

* Aspirin or other salicylates. These drugs may keep
gout drugs from working properly.

* Nonsteroidal anti-inflammatory drugs such as indo-
methacin (Indocin) and ketoprofen (Orudis). Taking
these medicines with probenecid may increase the
chance of side effects from the nonsteroidal anti-
inflammatory drugs.

Blood thinners. When taken with blood thinners, such
as warfarin (Coumadin), gout drugs may increase the
chance of bleeding. A lower blood thinner dose may be
necessary.

Blood viscosity reducing medicines such as pentoxi-
fylline (Trental). Taking this medicine with blood thin-
ners may increase the chance of bleeding.

Medicine for infections. Probenecid may increase the
levels of these medicines in the blood. This may make
the other medicine work better, but may also increase
the risk of side effects.

The immunosuppressant drug azathioprine (Imuran),
used to prevent organ rejection in transplant patients
and to treat rheumatoid arthritis. Taking this medi-
cine with allopurinol can increase the risk of side
effects from the azathioprine.

Anticancer drugs such as mercaptopurine (Purinethol),
plicamycin (Mithracin), and methotrexate (Rheuma-
trex). Taking this medicine with gout drugs may
increase the risk of side effects from the anticancer drug.

* Antiretroviral drugs such as zidovudine (Retrovir).
Probenecid may increase the level of this medicine in
the blood. This may make side effects more likely.
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KEY TERMS

Corticosteroids—Medicines that are similar to the
natural hormone cortisone and belong to the fami-
ly of drugs called steroids.

Inflammation—~Pain, redness, swelling, and heat
that usually develop in response to injury or illness.

Kidney stone—A small, hard mass formed in the
kidney from deposits of uric acid or other materials.

Nonsteroidal anti-inflammatory drug (NSAID)—
A type of medicine used to relieve pain, swelling,
and other symptoms of inflammation. Drugs in
this group are not cortisone-like drugs (steroids).

Salicylates—A group of drugs that includes aspirin
and related compounds. Salicylates are used to
relieve pain, reduce inflammation, and lower fever.

« Antiseizure medicines such as Depakote (divalproex) and
Depakene (valproic acid). Using these medicines with
sulfinpyrazone may increase the chance of bleeding.

The list above does not include every drug that may
interact with gout drugs. Be sure to check with a physi-
cian or pharmacist before combining gout drugs with any
other prescription or nonprescription (over-the-counter)
medicine.

Nancy Ross-Flanigan

Gouty arthritis see Gout

I Graft-vs.-host disease
Definition

Graft-vs.-host disease is an immune attack on the
recipient by cells from a donor.

Description

The main problem with transplanting organs and tis-
sues is that the recipient host does not recognize the new
tissue as its own. Instead, it attacks it as foreign in the
same way it attacks germs, to destroy it.

If immunogenic cells from the donor are transplant-
ed along with the organ or tissue, they will attack the
host, causing graft vs. host disease.
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The only transplanted tissues that house enough
immune cells to cause graft vs. host disease are the blood
and the bone marrow. Blood transfusions are used every
day in hospitals for many reasons. Bone marrow trans-
plants are used to replace blood forming cells and immune
cells. This is necessary for patients whose cancer treat-
ment has destroyed their own bone marrow. Because bone
marrow cells are among the most sensitive to radiation and
chemotherapy, it often must be destroyed along with the
cancer. This is true primarily of leukemias, but some other
cancers have also been treated this way.

Causes and symptoms

Even if the donor and recipient are well matched,
graft-vs.-host disease can still occur. There are many
different elements involved in generating immune reac-
tions, and each person is different, unless they are iden-
tical twins. Testing can often find donors who match all
the major elements, but there are many minor ones that
will always be different. How good a match is found
also depends upon the urgency of the need and some
good luck.

Blood transfusion graft-vs.-host disease affects
mostly the blood. Blood cells perform three functions:
carrying oxygen, fighting infections, and clotting. All of
these cell types are decreased in a transfusion graft-vs.-
host reaction, leading to anemia (lack of red blood cells
in the blood), a decrease in resistance to infections, and
an increase in bleeding. The reaction occurs between
four to 30 days after the transfusion.

The tissues most affected by bone marrow graft-vs.-
host disease are the skin, the liver, and the intestines. One
form or the other occurs in close to half of the patients
who receive bone marrow transplants.

Bone marrow graft-vs.-host disease comes in an
acute and a chronic form. The acute form appears with-
in two months of the transplant; the chronic form usual-
ly appears within three months. The acute disease pro-
duces a skin rash, liver abnormalities, and diarrhea
that can be bloody. The skin rash is primarily a patchy
thickening of the skin. Chronic disease can produce a
similar skin rash, a tightening or an inflammation of the
skin, lesions in the mouth, drying of the eyes and
mouth, hair loss, liver damage, lung damage, and indi-
gestion. The symptoms are similar to an autoimmune
disease called scleroderma.

Both forms of graft-vs.-host disease bring with them
an increased risk of infections, either because of the
process itself or its treatment with cortisone-like drugs
and immunosuppressives. Patients can die of liver failure,
infection, or other severe disturbances of their system.
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Granuloma inguinale

KEY TERMS

Anemia—Too few red blood cells, or too little
hemoglobin in them.

Immunoglobulin—Chemicals in the blood that
defend against infections.

Immunosuppressive—A chemical which sup-
presses an immune response.

Inflammation—The body’s immune reaction to
presumed foreign substances like germs. Inflam-
mation is characterized by increased blood supply
and activation of defense mechanisms. It produces
redness, swelling, heat, and pain.

Lesion—Localized disease or damage.

Scleroderma—Progressive disease of the connec-
tive tissue of the skin and internal organs.

Treatment

Both the acute and the chronic disease are treated
with cortisone-like drugs, immunosuppressive agents
like cyclosporine, or with antibiotics and immune chem-
icals from donated blood (gamma globulin). Infection
with one particular virus, called cytomegalovirus (CMV)
is so likely a complication that some experts recommend
treating it ahead of time.

Prognosis

Children with acute leukemias have greatly benefit-
ed from the treatment made possible by bone marrow
transplantation. Survival rates have climbed by
15-50%. It is an interesting observation that patients who
develop graft-vs.-host disease are less likely to have a
recurrence of the leukemia that was being treated. This
phenomenon is called graft-vs.-leukemia.

Bone marrow transplant patients who do not have a
graft-vs.-host reaction gradually return to normal
immune function in a year. A graft-vs.-host reaction may
prolong the diminished immune capacity indefinitely,
requiring supplemental treatment with immunoglobulins
(gamma globulin).

Somehow the grafted cells develop a tolerance to
their new home after six to 12 months, and the medica-
tions can be gradually withdrawn. Graft-vs.-host disease
is not the only complication of blood transfusion or bone
marrow transplantation. Host-vs.-graft or rejection is
also common and may require a repeat transplant with
another donor organ. Infections are a constant threat in
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bone marrow transplant because of the disease being
treated, the prior radiation or chemotherapy and the med-
ications used to treat the transplant.

Prevention

For recipients of blood transfusions who are espe-
cially likely to have graft-vs.-host reactions, the red
blood cells can safely be irradiated (using x rays) to kill
all the immune cells. The red blood cells are less sensi-
tive to radiation and are not harmed by this treatment.

Much current research is directed towards solving
the problem of graft-vs.-host disease. There are efforts to
remove the immunogenic cells from the donor tissue, and
there are also attempts to extract and purify bone marrow
cells from the patient before treating the cancer. These
cells are then given back to the patient after treatment has
destroyed all that were left behind.
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Grafts and grafting see Bone grafting;
Coronary artery bypass graft surgery;
Graft-vs.-host disease; Skin grafting

Granular conjunctivitis see Trachoma
Granulocytic ehrlichiosis see Ehrlichiosis
Granulocytopenia see Neutropenia

I Granuloma inguinale
Definition

Granuloma inguinale is a sexually transmitted infec-
tion that affects the skin and mucous membranes of the
anal and genital areas. Its name is derived from granulo-
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ma, a medical term for a mass or growth of granulation
tissue, and inguinale, a Latin word that means located in
the groin. Granulation tissue is tissue formed during
wound healing that is rich in blood capillaries and has a
rough or lumpy surface.

Description

Granuloma inguinale is a chronic infection with fre-
quent relapses caused by a rod-shaped bacterium. It
occurs worldwide but is most common in tropical or sub-
tropical countries, where it is associated with poverty and
poor hygiene. As many as 20% of male patients with sex-
ually transmitted diseases (STDs) in tropical countries
have granuloma inguinale. The disease is less common in
the United States, with fewer than 100 reported cases per
year. Most patients are between the ages of 20 and 40
years, with a 2:1 male-to-female ratio.

Although granuloma inguinale is relatively uncom-
mon in the United States in comparison with other STDs,
it is still a significant public health problem. It can be
acquired through casual sexual contacts when traveling
abroad. Moreover, patients with granuloma inguinale are
vulnerable to superinfection (infection by other disease
agents) with other STDs, especially syphilis. Patients
with granuloma inguinale are also a high-risk group for
Acquired Immune Deficiency Syndrome (AIDS) trans-
mission, because the disease causes open genital ulcers
that can be easily invaded by the AIDS virus.

Granuloma inguinale is spread primarily through
heterosexual and male homosexual contact; however, its
occurrence in children and sexually inactive adults indi-
cates that it may also be spread by contact with human
feces. Granuloma inguinale is not highly contagious;
however, persons with weakened immune systems are at
greater risk of infection.

Causes and symptoms

Granuloma inguinale, which is sometimes called
donovanosis, is caused by Calymmatobacterium granulo-
matis, a rod-shaped bacterium formerly called Donovania
granulomatis. The bacterium has an incubation period
ranging from eight days to 12 weeks, with an average of
two to four weeks. The disease has a slow and gradual
onset, beginning with an inconspicuous pimple or lumpy
eruption on the skin. In 90% of patients, the initial sign of
infection is in the genital region, but a minority of patients
will develop the sore in their mouth or anal area if their
sexual contact involved those parts of the body. Many
patients do not notice the sore because it is small and not
usually painful. In some women, the first symptom of
granuloma inguinale is bleeding from the genitals.
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The initial pimple or sore is typically followed by
three stages of disease. In the first stage, the patient
develops a mass of pink or dull red granulation tissue in
the area around the anus. In the second stage, the bacteria
erode the skin to form shallow, foul-smelling ulcers
which spread from the genital and anal areas to the thighs
and lower abdomen. The edges of the ulcers are marked
by granulation tissue. In the third stage, the ulcerated
areas form deep masses of keloid or scar tissue that may
spread slowly for many years.

Patients with long-term infections are at risk for seri-
ous complications. The ulcers in second-stage granuloma
inguinale often become superinfected with syphilis or
other STD organisms. Superinfected ulcers become
painful to touch, filled with pus and dead tissue, and are
much more difficult to treat. There may be sizable areas
of tissue destruction in superinfected patients. In addi-
tion, the scar tissue produced by third-stage infection can
grow until it closes off parts of the patient’s urinary tract.
It is also associated with a higher risk of genital cancer.

Diagnosis

The most important aspect of diagnosis is distin-
guishing between granuloma inguinale and other STDs,
particularly since many patients will be infected with
more than one STD. Public health officials recommend
that patients tested for granuloma inguinale be given a
blood test for syphilis as well. In addition, the doctor will
need to distinguish between granuloma inguinale and cer-
tain types of skin cancer, amebiasis, fungal infections,
and other bacterial ulcers. The most significant distin-
guishing characteristic of granuloma inguinale is the skin
ulcer, which is larger than in most other diseases, pain-
less, irregular in shape, and likely to bleed when touched.

The diagnosis of granuloma inguinale is made by
finding Donovan bodies in samples of the patient’s skin
tissue. Donovan bodies are oval rod-shaped organisms
that appear inside infected tissue cells under a micro-
scope. The doctor obtains a tissue sample either by cut-
ting a piece of tissue from the edge of an skin ulcer with
a scalpel or by taking a punch biopsy. To make a punch
biopsy, the doctor will inject a local anesthetic into an
ulcerated area and remove a piece of skin about 1/16 of
an inch in size with a surgical skin punch. The tissue
sample is then air-dried and stained with Wright’s stain, a
chemical that will cause the Donovan bodies to show up
as dark purple safety pin-shaped objects inside lighter-
staining capsules.

Treatment

Granuloma inguinale is treated with oral antibiotics.
Three weeks of treatment with erythromycin, strepto-
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Group therapy

KEY TERMS

Donovan bodies—Rod-shaped oval organisms
found in tissue samples from patients with granu-
loma inguinale. Donovan bodies appear deep pur-
ple when stained with Wright's stain.

Granulation tissue—A kind of tissue formed dur-
ing wound healing, with a rough or irregular sur-
face and a rich supply of blood capillaries.

Granuloma—An inflammatory swelling or growth
composed of granulation tissue, as in granuloma
inguinale.

Keloid—An unusual or abnormal growth of scar
tissue, as in the third stage of granuloma
inguinale.

Punch biopsy—A method of obtaining skin sam-
ples under local anesthesia using a surgical skin
punch.

Superinfection—A condition in which a patient
with a contagious disease acquires a second infec-
tion, as when a patient with granuloma inguinale
is also infected with syphilis.

Wright’s stain—A chemical used to stain tissue
samples for laboratory analysis.

mycin, or tetracycline, or 12 weeks of treatment with
ampicillin are standard forms of therapy. Although the
skin ulcers will start to show signs of healing in about a
week, the patient must take the full course of medication
to minimize the possibility of relapse.

Prognosis

Most patients with granuloma inguinale recover
completely, although superinfected ulcers may require
lengthy courses of medication. Early treatment prevents
the complications associated with second- and third-
stage infection.

Prevention

Prevention of granuloma inguinale has three impor-
tant aspects:

» Avoidance of casual sexual contacts, particularly
among homosexual males, in countries with high rates
of the disease

» Tracing and examination of an infected person’s recent
sexual contacts
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» Monitoring the patient’s ulcers or scar tissue for signs
of reinfection for a period of six months after antibiotic
treatment
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Granulomatous ileitis see Crohn’s disease
Graves’ disease see Hyperthyroidism
Greenfield filter see Vena cava

Grippe see Influenza

Group A streptococcus infection see
Streptococcal infections

Group B streptococcus infection see
Streptococcal infections

I Group therapy
Definition

Group therapy is a form of psychosocial treatment
where a small group of patients meet regularly to talk,
interact, and discuss problems with each other and the
group leader (therapist).

Purpose

Group therapy attempts to give individuals a safe
and comfortable place where they can work out problems
and emotional issues. Patients gain insight into their own
thoughts and behavior, and offer suggestions and support
to others. In addition, patients who have a difficult time

GALE ENCYCLOPEDIA OF MEDICINE 2



with interpersonal relationships can benefit from the
social interactions that are a basic part of the group thera-
Py experience.

Precautions

Patients who are suicidal, homicidal, psychotic, or in
the midst of a major acute crisis are typically not referred
for group therapy until their behavior and emotional state
have stabilized. Depending on their level of functioning,
cognitively impaired patients (like patients with organic
brain disease or a traumatic brain injury) may also be
unsuitable for group therapy intervention. Some patients
with sociopathic traits are not suitable for most groups.

Description

A psychologist, psychiatrist, social worker, or other
healthcare professional typically arranges and conducts
group therapy sessions. In some therapy groups, two co-
therapists share the responsibility of group leadership.
Patients are selected on the basis of what they might gain
from group therapy interaction and what they can con-
tribute to the group as a whole.

Therapy groups may be homogeneous or heteroge-
neous. Homogeneous groups have members with similar
diagnostic backgrounds (for example, they may all suffer
from depression). Heterogeneous groups have a mix of
individuals with different emotional issues. The number
of group members varies widely, but is typically no more
than 12. Groups may be time limited (with a predeter-
mined number of sessions) or indefinite (where the group
determines when therapy ends). Membership may be
closed or open to new members once sessions begin.

The number of sessions in group therapy depends on
the makeup, goals, and setting of the group. For example,
a therapy group that is part of a substance abuse program
to rehabilitate inpatients would be called short-term
group therapy. This term is used because, as patients, the
group members will only be in the hospital for a relative-
ly short period of time. Long-term therapy groups may
meet for six months, a year, or longer. The therapeutic
approach used in therapy depends on the focus of the
group and the psychological training of the therapist.
Some common techniques include psychodynamic, cog-
nitive-behavioral, and Gestalt therapy.

In a group therapy session, group members are
encouraged to openly and honestly discuss the issues
that brought them to therapy. They try to help other
group members by offering their own suggestions,
insights, and empathy regarding their problems. There
are no definite rules for group therapy, only that mem-
bers participate to the best of their ability. However,
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most therapy groups do have some basic ground rules
that are usually discussed during the first session.
Patients are asked not to share what goes on in therapy
sessions with anyone outside of the group. This protects
the confidentiality of the other members. They may also
be asked not to see other group members socially out-
side of therapy because of the harmful effect it might
have on the dynamics of the group.

The therapist’s main task is to guide the group in
self-discovery. Depending on the goals of the group and
the training and style of the therapist, he or she may
lead the group interaction or allow the group to take
their own direction. Typically, the group leader does
some of both, providing direction when the group gets
off track while letting them set their own agenda. The
therapist may guide the group by simply reinforcing the
positive behaviors they engage in. For example, if a
group member shows empathy to another member, or
offers a constructive suggestion, the therapist will point
this out and explain the value of these actions to the
group. In almost all group therapy situations, the thera-
pist will attempt to emphasize the common traits among
group members so that members can gain a sense of
group identity. Group members realize that others share
the same issues they do.

The main benefit group therapy may have over indi-
vidual psychotherapy is that some patients behave and
react more like themselves in a group setting than they
would one-on-one with a therapist. The group therapy
patient gains a certain sense of identity and social accep-
tance from their membership in the group. Suddenly,
they are not alone. They are surrounded by others who
have the same anxieties and emotional issues that they
have. Seeing how others deal with these issues may give
them new solutions to their problems. Feedback from
group members also offers them a unique insight into
their own behavior, and the group provides a safe forum
in which to practice new behaviors. Lastly, by helping
others in the group work through their problems, group
therapy members can gain more self-esteem. Group ther-
apy may also simulate family experiences of patients and
will allow family dynamic issues to emerge.

Self-help groups like Alcoholics Anonymous and
Weight Watchers fall outside of the psychotherapy realm.
These self-help groups do offer many of the same bene-
fits of social support, identity, and belonging that make
group therapy effective for many. Self-help group mem-
bers meet to discuss a common area of concern (like
alcoholism, eating disorders, bereavement, parenting).
Group sessions are not run by a therapist, but by a non-
professional leader, group member, or the group as a
whole. Self-help groups are sometimes used in addition
to psychotherapy or regular group therapy.
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Group therapy

Group therapy is practiced in a variety of settings, including both inpatient and outpatient facilities, and is used to treat anxi-
ety, mood, and personality disorders as well as psychoses. (Photo Researchers, Inc. Reproduced by permission.)

Preparation

Patients are typically referred for group therapy by a
psychologist or psychiatrist. Some patients may need
individual therapy first. Before group sessions begin, the
therapist leading the session may conduct a short intake
interview with the patient to determine if the group is
right for the patient. This interview will also allow the
therapist to determine if the addition of the patient will
benefit the group. The patient may be given some prelim-
inary information on the group before sessions begin.
This may include guidelines for success (like being open,
listening to others, taking risks), rules of the group (like
maintaining confidentiality), and educational informa-
tion on what group therapy is about.

Aftercare

The end of long-term group therapy may cause feel-
ings of grief, loss, abandonment, anger, or rejection in
some members. The group therapist will attempt to foster
a sense of closure by encouraging members to explore
their feelings and use newly acquired coping techniques
to deal with them. Working through this termination
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phase of group therapy is an important part of the treat-
ment process.

Risks

Some very fragile patients may not be able to toler-
ate aggressive or hostile comments from group members.
Patients who have trouble communicating in group situa-
tions may be at risk for dropping out of group therapy. If
no one comments on their silence or makes an attempt to
interact with them, they may begin to feel even more iso-
lated and alone instead of identifying with the group.
Therefore, the therapist usually attempts to encourage
silent members to participate early on in treatment.

Normal results

Studies have shown that both group and individual psy-
chotherapy benefit about 85% of the patients that participate
in them. Optimally, patients gain a better understanding of
themselves, and perhaps a stronger set of interpersonal and
coping skills through the group therapy process. Some
patients may continue therapy after group therapy ends,
either individually or in another group setting.
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KEY TERMS

Cognitive-behavioral—A therapy technique that
focuses on changing beliefs, images, and thoughts
in order to change maladjusted behaviors.

Gestalt—A humanistic therapy technique that
focuses on gaining an awareness of emotions and
behaviors in the present rather than in the past.

Psychodynamic—A therapy technique that
assumes improper or unwanted behavior is caused
by unconscious, internal conflicts and focuses on
gaining insight into these motivations.

Resources

BOOKS

Bernard, Harold S., and K. Roy MacKenzie, eds. Basics of
Group Psychotherapy. New York: The Guilford Press,
1994.

Flores, Philip J. Group Psychotherapy with Addicted Popula-
tions: An Integration of Twelve-Step and Psychodynamic
Theory. 2nd ed. New York: The Haworth Press, 1997.

ORGANIZATIONS

American Psychiatric Association. 1400 K Street NW, Washing-
ton DC 20005. (888) 357-7924. <http://www.psych.org>.

American Psychological Association (APA). 750 First St. NE,
Washington, DC 20002-4242. (202) 336-5700. <ttp://
WWW.apa.org>.

Paula Anne Ford-Martin

Growth hormone suppression test see
Growth hormone tests

I Growth hormone tests

Definition

Growth hormone (hGH), or somatotropin, is a hor-
mone responsible for normal body growth and develop-
ment by stimulating protein production in muscle cells
and energy release from the breakdown of fats. Tests for
growth hormone include Somatotropin hormone test,
Somatomedin C, Growth hormone suppression test (glu-

cose loading test), and Growth hormone stimulation test
(Arginine test or Insulin tolerance test).

Purpose

Growth hormone tests are ordered for the following
reasons:
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« to identify growth deficiencies, including delayed puber-
ty and small stature in adolescents which can result from
pituitary or thyroid malfunction

* to aid in the diagnosis of hyperpituitarism that is evi-
dent in gigantism or acromegaly

« to screen for inadequate or reduced pituitary gland
function

* to assist in the diagnosis of pituitary tumeors or tumors
related to the hypothalamus, an area of the brain

« to evaluate hGH therapy

Precautions

Taking certain drugs such as amphetamines, dop-
amine, corticosteroids, and phenothiazines may increase
and decrease growth hormone secretion, respectively.
Other factors influencing hGH secretion include stress,
exercise, diet, and abnormal glucose levels. These tests
should not be done within a week of any radioactive scan.

Description

Several hormones play important roles in human
growth. The major human growth hormone (hGH), or
somatotropin, is a protein made up of 191 amino acids
which is secreted by the anterior pituitary gland and
coordinates normal growth and development. Human
growth is characterized by two spurts, one at birth and
the other at puberty. hGH plays an important role at both
of these times. Normal individuals have measurable lev-
els of hGH throughtout life. Yet levels of hGH fluctuate
during the day and are affected by eating and exercise.
Receptors which respond to hGH exist on cells and tis-
sues throughout the body. The most obvious effect of
hGH is on linear skeletal development. But the metabolic
effects of hGH on muscle, the liver, and fat cells are criti-
cal to its function. Humans have two forms of hGH, and
the functional difference between the two is unclear.
They are both formed from the same gene, but one lacks
the amino acids in positions 32-46.

hGH is produced in the anterior portion of the pitu-
itary gland by somatotrophs under the control of hor-
monal signals in the hypothalamus. Two hypothalamic
hormones regulate hGH; they are growth hormone-
releasing hormone (GHRH) and growth hormone—
inhibiting hormone (GHIH). When blood glucose levels
fall, GHRH triggers the secretion of stored hGH. As
blood glucose levels rise, GHRH release is turned off.
Increases in blood protein levels trigger a similar
response. As a result of this hypothalamic feedback loop,
hGH levels fluctuate throughout the day. Normal plasma
hGH levels 1-3 ng/ML with peaks as high as 60 ng/ML.
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Growth hormone tests

In addition, plasma glucose and amino acid availability
for growth is also regulated by the hormones adrenaline,
glucagon, and insulin.

Most hGH is released at night. Peak spikes of hGH
release occur around 10 p.M., midnight, and 2 A.M. The
logic behind this night-time release is that most of hGH’s
effects are mediated by other hormones, including the
somatomedins, IGH-I and IGH-II. As a result, the effects
of hGH are spread out more evenly during the day.

A number of hormonal conditions can lead to exces-
sive or diminished growth. Because of its critical role in
producing hGH and other hormones, an aberrant pitu-
itary gland will often yield altered growth. Dwarfism
(very small stature) can be due to underproduction of
hGH, lack of IGH-I, or a flaw in target tissue response to
either of these growth hormones. Overproduction of
hGH or IGH-I, or an exaggerated response to these hor-
mones can lead to gigantism or acromegaly, both of
which are characterized by a very large stature.

Gigantism is the result of hGH overproduction in
early childhood leading to a skeletal height up to 8 feet
(2.5m) or more. Acromegaly results when hGH is over-
produced after the onset of puberty. In this condition, the
epiphyseal plates of the long bone of the body do not
close, and they remain responsive to additional stimulat-
ed growth by hGH. This disorder is characterized by an
enlarged skull, hands and feet, nose, neck, and tongue.

Somatrotropin

Somatrotropin is used to identify hGH deficiency in
adolescents with short stature, delayed sexual maturity,
and other growth deficiencies. It also aids in document-
ing excess hGH production that is responsible for gigan-
tism or acromegaly, and confirms underactivity or over-
production of the pituitary gland (hypopituitarism or
hyperpituitarism). However, due to the episodic secretion
of hGH, as well as hGH production in response to stress,
exercise, or other factors, random assays are not an ade-
quate determination of hGH deficiency. To negate these
variables and obtain more accurate readings, a blood
sample can be drawn one to 1.5 hours after sleep (hGH
levels increase during sleep), or strenuous exercise can
be performed for 30 minutes before blood is drawn (hGH
levels increase after exercise). The hGH levels at the end
of an exercise period are expected to be maximal.

Somatomedin C

The somatomedin C test is usually ordered to detect
pituitary abnormalities, hGH deficiency, and acromegaly.
Also called insulin-like growth factor (IGF-1),
somatomedin C is considered a more accurate reflection
of the blood concentration of hGH because such vari-
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ables as time of day, activity levels, or diet does not influ-
ence the results. Somatomedin C is part of a group of
peptides, called somatomedins, through which hGH
exerts its effects. Because it circulates in the bloodstream
bound to long-lasting proteins, it is more stable than
hGH. Levels of somatomedin C do depend on hGH lev-
els, however. As a result, somatomedin C levels are low
when hGH levels are deficient. Abnormally low test
results of somatomedin C require an abnormally reduced
or absent hGH during an hGH stimulation test in order to
diagnose hGH deficiency. Nonpituitary causes of
reduced somatomedin C include malnutrition, severe
chronic illness, severe liver disease, hypothyroidism,
and Laron’s dwarfism.

Growth hormone stimulation test

The hGH stimulation test, also called hGH Provoca-
tion test, Insulin Tolerance, or Arginine test, is per-
formed to test the body’s ability to produce human
growth hormone, and to identify suspected hGH defi-
ciency. A normal patient can have low hGH levels, but if
hGH is still low after stimulation, a diagnosis can be
more accurately made.

Insulin-induced hypoglycemia (via intravenous
injection of insulin) stimulates hGH and corticotropin
secretion as well. If such stimulation is unsuccessful,
then there is a malfunction of the anterior pituitary gland.
Blood samples may be obtained following an energetic
exercise session lasting 20 minutes.

A substance called hGH-releasing factor has recent-
ly been used for hGH stimulation. This approach promis-
es to be more accurate and specific for hGH deficiency
caused by the pituitary. Growth hormone deficiency is
also suspected when x ray determination of bone age
indicates retarded growth in comparison to chronologic
age. At present, the best method to identify hGH-defi-
cient patients is a positive stimulation test followed by a
positive response to a therapeutic trial of hGH.

Growth hormone suppression test

Also called the glucose loading test, this procedure
is used to evaluate excessive baseline levels of human
growth hormone, and to confirm diagnosis of gigantism
in children and acromegaly in adults. The procedure
requires two different blood samples, one drawn before
the administration of 100 g of glucose (by mouth), and a
second sample two hours after glucose ingestion.

Normally, a glucose load suppresses hGH secretion.
In a patient with excessive hGH levels, failure of sup-
pression indicates anterior pituitary dysfunction and con-
firms a diagnosis of acromegaly and gigantism.
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Preparation

Somatotropin: This test requires a blood sample. The
patient should be fasting (nothing to eat or drink from
midnight the night before the test). Stress and/or exercise
increases hGH levels, so the patient should be at complete
rest for 30 minutes before the blood sample is drawn. If
the physician has requested two samples, they should be
drawn on consecutive days at approximately the same
time on both days, preferably between 6 AM and 8 AM.

Somatomedin C: This test requires a blood sample.
The patient should have nothing to eat or drink from
midnight the night before the test.

Growth hormone stimulation: This test requires
intravenous administration of medications and the with-
drawal of frequent blood samples, which are obtained at
0, 60, and 90 minutes after injection of arginine and/or
insulin. The patient should have nothing to eat or drink
after midnight the night before the test.

Growth hormone suppression: This test requires two
blood samples, one before the test and another two hours
after administration of 100 g of glucose solution by
mouth. The patient should have nothing to eat or drink
after midnight, and physical activity should be limited
for 10-12 hours before the test.

Risks

Growth hormone stimulation: Only minor discomfort
is associated with this test, and results from the insertion
of the IV line and the low blood sugar (hypoglycemia)
induced by the insulin injection. Some patients may expe-
rience sleepiness, sweating and/or nervousness, all of
which can be corrected after the test by ingestion of cook-
ies, juice, or a glucose infusion. Severe cases of hypo-
glycemia may cause ketosis (excessive amounts of fatty
acid byproducts in the body), acidosis (a disturbance of
the body’s acid-base balance), or shock. With the close
observation required for the test, these are unlikely.

Growth hormone suppression: Some patients experi-
ence nausea after the administration of this amount of
glucose. Ice chips can alleviate this symptom.

Normal results

Normal results may vary from laboratory to labora-
tory but are usually within the following ranges:

Somatotropin:
e men: 5 ng/ml
« women: less than 10 ng/ml
« children: 0—10 ng/ml
* newborn: 1040 ng/ml
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Acromegaly—A rare disease resulting from exces-
sive growth hormone caused by a benign tumor. If
such a tumor develops within the first ten years of
life, the result is gigantism (in which growth is
accelerated) and not acromegaly. Symptoms
include coarsening of the facial features, enlarge-
ment of the hands, feet, ears, and nose, jutting of
the jaw, and a long face.

Dwarfism, pituitary—Short stature. When caused
by inadequate amounts of growth hormone (as
opposed to late growth spurt or genetics), hGH
deficiency results in abnormally slow growth and
short stature with normal proportions.

Gigantism—Excessive growth, especially in height,
resulting from overproduction during childhood or
adolescence of growth hormone by a pituitary
tumor. Untreated, the tumor eventually destroys
the pituitary gland, resulting in death during early
adulthood. If the tumor develops after growth has
stopped, the result is acromegaly, not gigantism.

Pituitary gland—The pituitary is the most impor-
tant of the endocrine glands (glands that release
hormones directly into the bloodstream). Some-
times referred to as the “master gland,” the pitu-
itary regulates and controls the activities of other
endocrine glands and many body processes.

Somatomedin C:
¢ adult: 42—-110 ng/ml
Child:
¢ 0-8 years: Girls 7-110 ng/ml; Boys 4-87 ng/ml
* 9-10 years: Girls 39-186 ng/ml; Boys 26-98 ng/ml
* 11-13 years: Girls 66-215 ng/ml; Boys 44-207 ng/ml
* 14-16 years: Girls 96-256 ng/ml; Boys 48 255 ng/ml
Growth hormone stimulation: greater than 10 ng/ml.

Growth hormone suppression: Normally, glucose
suppresses hGH to levels of undetectable to 3 ng/ml in
30 minutes to two hours. In children, rebound stimula-
tion may occur after two to five hours.

Abnormal results

Somatotropin hormone: Excess hGH is responsible
for the syndromes of gigantism and acromegaly. Excess
secretion is stimulated by anorexia nervosa, stress,
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Guided imagery

hypoglycemia, and exercise. Decreased levels are seen in
hGH deficiency, dwarfism, hyperglycemia, failure to
thrive, and delayed sexual maturity.

Somatomedin C: Increased levels contribute to the
syndromes of gigantism and acromegaly. Stress, major
surgery, hypoglycemia, starvation, and exercise stimulate
hGH secretion, which in turn stimulates somatomedin C.

Growth hormone stimulation: Decreased levels are
seen in pituitary deficiency and hGH deficiency. Dis-
eases of the pituitary can result in failure of the pituitary
to secrete hGH and/or all the pituitary hormones. As a
result, the hGH stimulation test will fail to stimulate
hGH secretion.

Growth hormone suppression: The acromegaly syn-
drome elevates base hGH levels to 75 ng/ml, which in
turn are not suppressed to less than 5 ng/ml during the
test. Excess hGH secretion may cause unchanged or ris-
ing hGH levels in response to glucose loading, confirm-
ing a diagnosis of acromegaly or gigantism. In such
cases, verification of results is required by repeating the
test after a one-day rest.

Resources

BOOKS

Cahill, Mathew. Handbook of Diagnostic Tests. Springhouse,
PA: Springhouse Corporation, 1995.

Jacobs, David S., et al. Laboratory Test Handbook. 4th ed. New
York: Lexi-Comp Inc., 1996.

Pagana, Kathleen Deska. Mosby’s Manual of Diagnostic and
Laboratory Tests. St. Louis: Mosby, Inc., 1998.

Janis O. Flores

G6PD deficiency see Glucose-6-phosphate
dehydrogenase deficiency

Guaifenesin see Expectorants

I Guided imagery
Definition

Guided imagery is the use of relaxation and mental
visualization to improve mood and/or physical well-being.

Purpose

The connection between the mind and physical
health has been well documented and extensively stud-
ied. Positive mental imagery can promote relaxation and
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reduce stress, improve mood, control high blood pres-
sure, alleviate pain, boost the immune system, and lower
cholesterol and blood sugar levels. Through guided
imagery techniques, patients can learn to control func-
tions normally controlled by the autonomic nervous sys-
tem, such as heart rate, blood pressure, respiratory rate,
and body temperature.

One of the biggest benefits of using guided imagery
as a therapeutic tool is its availability. Imagery can be
used virtually anywhere, anytime. It is also an equal
opportunity therapy. Although some initial training in the
technique may be required, guided imagery is accessible
to virtually everyone regardless of economic status, edu-
cation, or geographical location.

Guided imagery also gives individuals a sense of
empowerment, or control. The technique is induced by a
therapist who guides the patient. The resulting mental
imagery used is solely a product of the individual’s imag-
ination. Some individuals have difficulty imagining.
They may not get actual clear images but perhaps vague
feelings about the guided journey. However these indi-
viduals’ brains and nervous systems responses seem to
be the same as those with more detailed imaginings.

Patients who feel uncomfortable “opening up” in a
traditional therapist-patient session may feel more at ease
with a self-directed therapy like guided imagery.

Description

Guided imagery is simply the use of one’s imagina-
tion to promote mental and physical health. It can be
self-directed, where the individual puts himself into a
relaxed state and creates his own images, or directed by
others. When directed by others, an individual listens to a
therapist, video, or audiotaped exercise that leads him
through a relaxation and imagery exercise. Some thera-
pists also use guided imagery in group settings.

Guided imagery is a two-part process. The first com-
ponent involves reaching a state of deep relaxation
through breathing and muscle relaxation techniques. Dur-
ing the relaxation phase, the person closes her eyes and
focuses on the slow, in and out sensation of breathing. Or,
she might focus on releasing the feelings of tension from
her muscles, starting with the toes and working up to the
top of the head. Relaxation tapes often feature soft music
or tranquil, natural sounds such as rolling waves and
chirping birds in order to promote feelings of relaxation.

Once complete relaxation is achieved, the second
component of the exercise is the imagery, or visualization,
itself. There are a number of different types of guided
imagery techniques, limited only by the imagination. Some
commonly used types include relaxation imagery, healing
imagery, pain control imagery, and mental rehearsal.
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Relaxation imagery

Relaxation imagery involves conjuring up pleasant,
relaxing images that rest the mind and body. These may be
experiences that have already happened, or new situations.

Healing imagery

Patients coping with diseases and injuries can imagine
cancer cells dying, wounds healing, and the body mending
itself. Or, patients may picture themselves healthy, happy,
and symptom-free. Another healing imagery technique is
based on the idea of gi, or energy flow, an idea borrowed
from traditional Chinese medicine. Chinese medicine
practitioners believe that illness is the result of a blockage
or slowing of energy flow in the body. Individuals may use
guided imagery to imagine energy moving freely through-
out the body as a metaphor for good health.

Pain control imagery

Individuals can control pain through several imagery
techniques. One method is to produce a mental image of
the pain and then transform that image into something
less frightening and more manageable. Another is to
imagine the pain disappearing, and the patient as com-
pletely pain-free. Or, one may imagine the pain as some-
thing over which he has complete control. For example,
patients with back problems may imagine their pain as a
high voltage electric current surging through their spine.
As they use guided imagery techniques, they can picture
themselves reaching for an electrical switch and turning
down the power on the current to alleviate the pain.

Mental rehearsal

Mental rehearsal involves imagining a situation or
scenario and its ideal outcome. It can be used to reduce
anxiety about an upcoming situation, such as labor and
delivery, surgery, or even a critical life event such as an
important competition or a job interview. Individuals pic-
ture themselves going through each step of the anxiety-
producing event and then successfully completing it.

Preparations

For a successful guided imagery session, individuals
should select a quiet, relaxing location where there is a
comfortable place to sit or recline. If the guided imagery
session is to be prompted with an audiotape or videotape,
a stereo, VCR, or portable tape player should be avail-
able. Some people find that quiet background music
improves their imagery sessions.

The session, which can last anywhere from a few
minutes to an hour, should be uninterrupted. Taking the
phone off the hook and asking family members for soli-
tude can ensure a more successful and relaxing session.
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Aromatherapy—The therapeutic use of plant-
derived, aromatic essential oils to promote physi-
cal and psychological well-being.

Autonomic nervous system—The part of the ner-
vous system that controls so-called involuntary
functions such as heart rate, salivary gland secre-
tion, respiratory function, and pupil dilation.

Imagery combined with other relaxation techniques
such as yoga, massage, or aromatherapy can greatly
enhance the effects of these therapies. It can be done vir-
tually anywhere.

Precautions

Because of the state of extreme relaxation involved
in guided imagery, individuals should never attempt to
use guided imagery while driving or operating heavy
machinery.

Side effects

Guided imagery can induce sleepiness, and some
individuals may fall asleep during a session. Other than
this, there are no known adverse side effects to guided
imagery.

Research and general acceptance

Use of guided imagery is a widely accepted practice
among mental healthcare providers and is gaining accep-
tance as a powerful pain control tool across a number of
medical disciplines. Results of a study conducted at The
Cleveland Clinic Foundation and published in 1999 found
that cardiac surgery patients who used a guided imagery
tape prior to surgery experienced less pain and anxiety.
These patients also left the hospital earlier following
surgery than patients who used pain medication only.

Another study conducted by Harvard Medical
School researchers found that for more than 200 patients
undergoing invasive vascular or renal surgery, guided
imagery controlled pain and anxiety more effectively
than medication alone.

Resources

BOOKS

Battino, Rubin. Guided Imagery and Other Approaches to
Healing. Carmarthen, United Kingdom: Crown House
Publishing, 2000.
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Guillain-Barré syndrome

PERIODICALS

Lang, Elvira, et al. “Adjunctive non-pharmacological analgesia
for invasive medical procedures: a randomized trial.” The
Lancet. 355, no. 9214, (April 2000): 1486-1490.

ORGANIZATIONS
The Academy for Guided Imagery. P.O. Box 2070, Mill Valley,
CA 94942. (800) 726-2070.

OTHER

Brennan, Patricia. “Stress First Aid Kit.” (Guided imagery
audiotape set.) Available from Inside Out Publishing at
(888) 727-3296 or <http://www.facingthedawn.com>.

Paula Ford-Martin

I Guillain-Barré syndrome
Definition

Guillain-Barré syndrome (GBS) causes progressive
muscle weakness and paralysis (the complete inability
to use a particular muscle or muscle group), which devel-
ops over days or up to four weeks, and lasts several
weeks or even months.

Description

The classic scenario in GBS involves a patient who
has just recovered from a typical, seemingly uncompli-
cated viral infection. Symptoms of muscle weakness
appear one to four weeks later. The most common pre-
ceding infections are cytomegalovirus, herpes, Epstein-
Barr virus, and viral hepatitis. A gastrointestinal infec-
tion with the bacteria Campylobacter jejuni is also com-
mon and may cause a severe type of GBS from which it
is particularly difficult to recover. About 5% of GBS
patients have a surgical procedure as a preceding event.
Patients with lymphoma, systemic lupus erythemato-
sus, or AIDS have a higher than normal risk of GBS.
Other GBS patients have recently received an immuniza-
tion, while still others have no known preceding event. In
1976-77, there was a vastly increased number of GBS
cases among people who had been recently vaccinated
against the Swine flu. The reason for this phenomenon
has never been identified, and no other flu vaccine has
caused such an increase in GBS cases.

Causes and symptoms

The cause of the weakness and paralysis of GBS is
the loss of myelin, which is the material that coats nerve
cells (the loss of myelin is called demyelination). Myelin
is an insulating substance which is wrapped around
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nerves in the body, serving to speed conduction of nerve
impulses. Without myelin, nerve conduction slows or
stops. GBS has a short, severe course. It causes inflam-
mation and destruction of the myelin sheath, and it dis-
turbs multiple nerves. Therefore, it is considered an acute
inflammatory demyelinating polyneuropathy.

The reason for the destruction of myelin in GBS is
unknown, although it is thought that the underlying prob-
lem is autoimmune in nature. An autoimmune disorder is
one in which the body’s immune system, trained to fight
against such foreign invaders as viruses and bacteria,
somehow becomes improperly programmed. The immune
system becomes confused, and is not able to distinguish
between foreign invaders and the body itself. Elements of
the immune system are unleashed against areas of the
body, resulting in damage and destruction. For some rea-
son, in the case of GBS, the myelin sheath appears to
become a target for the body’s own immune system.

The first symptoms of GBS consist of muscle weak-
ness (legs first, then arms, then face), accompanied by
prickly, tingling sensations (paresthesias). Symptoms affect
both sides of the body simultaneously, a characteristic that
helps distinguish GBS from other causes of weakness and
paresthesias. Normal reflexes are first diminished, then
lost. The weakness eventually affects all the voluntary mus-
cles, resulting in paralysis. When those muscles necessary
for breathing become paralyzed, the patient must be placed
on a mechanical ventilator which takes over the function of
breathing. This occurs about 30% of the time. Very severe-
ly ill GBS patients may have complications stemming from
other nervous system abnormalities which can result in
problems with fluid balance in the body, severely fluctuat-
ing blood pressure, and heart rthythm irregularities.

Diagnosis

Diagnosis of GBS is made by looking for a particu-
lar cluster of symptoms (progressively worse muscle
weakness and then paralysis), and by examining the fluid
that bathes the brain and spinal canal through cere-
brospinal fluid (CSF) analysis. This fluid is obtained by
inserting a needle into the lower back (lumbar region).
When examined in a laboratory, the CSF of a GBS
patient will reveal a greater-than-normal quantity of pro-
tein, with normal numbers of white blood cells and a nor-
mal amount of sugar. Electrodiagnostic studies may
show slowing or block of conduction in nerve endings in
parts of the body other than the brain. Minor abnormali-
ties will be present in 90% of patients.

Treatment

There is no direct treatment for GBS. Instead, treat-
ments are used that support the patient with the disabili-
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ties caused by the disease. The progress of paralysis must
be carefully monitored, in order to provide mechanical
assistance for breathing if it becomes necessary. Careful
attention must also be paid to the amount of fluid the
patient is taking in by drinking and eliminating by urinat-
ing. Blood pressure, heart rate, and heart rhythm also
must be monitored.

A procedure called plasmapheresis, performed
early in the course of GBS, has been shown to shorten
the course and severity of GBS. Plasmapheresis consists
of withdrawing the patient’s blood, passing it through an
instrument that separates the different types of blood
cells, and returning all the cellular components (red and
white blood cells and platelets) along with either donor
plasma or a manufactured replacement solution. This is
thought to rid the blood of the substances that are attack-
ing the patient’s myelin.

It has also been shown that the use of high doses of
immunoglobulin given intravenously (by drip through a
needle in a vein) may be just as helpful as plasmaphere-
sis. Immunoglobulin is a substance naturally manufac-
tured by the body’s immune system in response to vari-
ous threats. It is interesting to note that corticosteroid
medications (such as prednisone), often the mainstay of
anti-autoimmune disease treatment, are not only unhelp-
ful, but may in fact be harmful to patients with GBS.

Prognosis

About 85% of GBS patients make reasonably good
recoveries. However, 30% of adult patients, and a greater
percentage of children, never fully regain their previous
level of muscle strength. Some of these patients suffer
from residual weakness, others from permanent paraly-
sis. About 10% of GBS patients begin to improve, then
suffer a relapse. These patients suffer chronic GBS
symptoms. About 5% of all GBS patients die, most from
cardiac rhythm disturbances.

Patients with certain characteristics tend to have a
worse outcome. These include people of older age, those
who required breathing support with a mechanical venti-
lator, and those who had their worst symptoms within the
first seven days.

Prevention

Because so little is known about what causes GBS to
develop, there are no known methods of prevention.

Resources
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Bosch, E. P., and H. Mitsumoto. “Disorders of Peripheral
Nerves.” In Neurology in Clinical Practice: The Neuro-
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Autoimmune—The body’s immune system direct-
ed against the body itself.

Demyelination—Disruption or destruction of the
myelin sheath, leaving a bare nerve. Results in a
slowing or stopping of impulses traveling along
that nerve.

Inflammatory—Having to do with inflammation,
the body’s response to either invading foreign sub-
stances (such as viruses or bacteria) or to direct
injury of body tissue.

Myelin—The substance that is wrapped around
nerves, and which is responsible for speed and effi-
ciency of impulses traveling through those nerves.
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I Guinea worm infection
Definition

Infection occurs when the parasitic guinea worm
resides within the body. Infection is not apparent until a
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Guinea worm infection

pregnant female worm prepares to expel embryos. The
infection is rarely fatal, but the latter stage is painful. The
infection is also referred to as dracunculiasis, and less
commonly as dracontiasis.

Description

Before the early 1980s, guinea worms infected
10—15 million people annually in central Africa and parts
of Asia. By 1996, worldwide incidence of infection fell
to fewer than 153,000 cases per year. Complete eradica-
tion of guinea worm infection is a goal of international
water safety programs.

To survive, guinea worms require three things: water
during the embryo stage, an intermediate host during
early maturation, and a human host during adulthood. In
bodies of water, such as ponds, guinea worm embryos
are eaten by tiny, lobster-like water fleas. Once ingested,
the embryos mature into larvae.

Humans become hosts by consuming water contain-
ing infected water fleas. Once in the human intestine, lar-
vae burrow into surrounding tissue. After three to four
months, the worms mate. Males die soon after, but preg-
nant females continue to grow. As adults, each threadlike
worm can be three feet long and harbor three million
embryos. More than one guinea worm can infect a per-
son at the same time.

About eight months later, the female prepares to
expel mature embryos by migrating toward the skin sur-
face. Until this point, most people are unaware that they
are infected. Extreme pain occurs as the worm emerges
from under the skin, often around the infected person’s
ankle. The pain is temporarily relieved by immersing the
area in water, an act that contaminates the water and
starts the cycle again.

Causes and symptoms

Dracunculus medinensis, or guinea worm, causes
infection. Symptoms are commonly absent until a preg-
nant worm prepares to expel embryos. By secreting an
irritating chemical, the worm causes a blister to form on
the skin surface. This chemical also causes nausea, vom-
iting, dizziness, and diarrhea. The blister is accompa-
nied by a burning, stabbing pain and can form anywhere
on the body; but, the usual site is the lower leg or foot.
Once the blister breaks, an open sore remains until the
worm has expelled all the embryos.

Diagnosis
Guinea worm infection is identified by the symp-

toms.
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Guinea worm embryo—The guinea worm at its
earliest life stage prior to or shortly after being
expelled from an adult female worm.

Guinea worm larvae—The guinea worm during its
middle life stage as it matures within a water flea.
The larvae can only grow to adulthood within a
human host.

Host—With regard to guinea worm infection,
either the water flea or human from which the
worm gets nourishment and shelter as it matures.

Secondary infection—An illness—typically caused
by bacteria—that follows from a guinea worm
infection.

Treatment

Most people infected with guinea worm rely on tradi-
tional medicine. The worm is extracted by gently and grad-
ually pulling the worm out and winding it around a small
strip of wood. Surgical removal is possible, but rarely done
in rural areas. Extraction is complemented by herbs and
oils to treat the wound site. Such treatment can ease extrac-
tion and may help prevent secondary infections.

Modern medicine offers safe surgical removal of
the guinea worm, and drug therapy can prevent infection
and pain. Using drugs to combat the worms has had
mixed results.

Prognosis

If the worm is completely removed, the wound heals
in approximately two to four weeks. However, if a worm
emerges from a sensitive area, such as the sole of a foot, or
if several worms are involved, healing requires more time.
Recovery is also complicated if the worm breaks during
extraction. Serious secondary infections frequently occur
in such situations. There is the risk of permanent disability
in some cases, and having one guinea worm infection does
not confer immunity against future infections.

Prevention

Guinea worn infection is prevented by disrupting
transmission. Wells and other protected water sources
are usually safe from being contaminated with worm
embryos. In open water sources, poisons may be used
to kill water fleas. Otherwise, water must be boiled or
filtered.
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Julia Barrett

I Gulf War syndrome
Definition

Gulf War syndrome describes a wide spectrum of ill-
nesses and symptoms ranging from asthma to sexual
dysfunction that have been reported by U.S. and U.S.
allied soldiers who served in the Persian Gulf War in
1990-1991.

Description

Between 1994 and 1999, 145 federally funded
research studies on Gulf War-related illnesses were
undertaken at a cost of over $133 million. Despite this
investment and the data collected from over 100,000 vet-
erans who have registered with the Department of
Defense (DOD) and/or Veterans Administration (VA) as
having Gulf War-related illnesses, there is still much
debate over the origin and nature of Gulf War syndrome.
As of early 2001, the DOD has failed to establish a defi-
nite cause for the disorder. Veterans who have the illness
experience a wide range of debilitating symptoms that
elude a single diagnosis. Common symptoms include
fatigue, trouble breathing, headaches, disturbed sleep,
memory loss, and lack of concentration. Similar experi-
ences among Gulf War veterans have been reported in the
United Kingdom and Canada.

Causes and symptoms

There is much current debate over a possible
causative agent for Gulf War syndrome other than the
stress of warfare. Intensive efforts by the Veterans
Administration and other public and private institutions
have investigated a wide range of potential factors. These
include chemical and biological weapons, the immuniza-
tions and preventive treatments used to protect against
them, smoke from oil well fires, exposure to depleted ura-
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nium, and diseases endemic to the Arabian peninsula. So
far investigators have not approached a consensus. In its
final report released in December 2000, the Presidential
Special Oversight Board for Department of Defense
Investigations of Gulf War Chemical and Biological Inci-
dents cited combat stress as a possible causative factor,
but called for further research. There is also a likelihood
that U.S. and allied forces were exposed to low levels of
sarin and/or cyclosarin (nerve gases) released during the
destruction of Iraqi munitions at Kharnisiyah, Iraq, and
that these chemicals might be linked to the syndrome. In
July 1997, the VA informed approximately 100,000 U.S.
servicemen of their possible exposure to the nerve agents.

In October 1999, the U.S. Pentagon released a report
that hypothesized that an experimental drug known as
pyriostigmine bromide (PB) might be linked to the physi-
cal symptoms manifested in Gulf War Syndrome. The
experimental drug was given to U.S. and Canadian troops
during the war to protect soldiers against the effects of the
chemical nerve agent soman. It has also been suggested
that botulinum toxoid and anthrax vaccinations adminis-
tered to soldiers during the conflict may be responsible
for some manifestations of the syndrome.

Some studies have shown that Gulf War veterans
have a higher incidence of positive tests for Mycoplasma
fermentans, a bacteria, in their bloodstream. However,
other clinical studies have not found a link between the
bacterial infection and Gulf War-related illnesses.

Statistical analysis tells us that the following symp-
toms are about twice as likely to appear in Gulf War vet-
erans than in their non-combat peers: depression, post-
traumatic stress disorder (PTSD), chronic fatigue, cogni-
tive dysfunction (diminished ability to calculate, order
thoughts, evaluate, learn, and remember), bronchitis,
asthma, fibromyalgia, alcohol abuse, anxiety, and sexu-
al discomfort. PTSD is the modern equivalent of shell
shock (World War I) and battle fatigue (World War II). It
encompasses most of the psychological symptoms of war
veterans, including nightmares, panic at sudden loud
noises, and inability to adjust to peacetime living.
Chronic fatigue syndrome has a specific medical defin-
ition that attempts to separate common fatigue from a
more disabling illness in hope of finding a specific cause.
Fibromyalgia is another newly defined syndrome, and as
such it has arbitrarily rigid defining characteristics.
These include a certain duration of illness, a specified
minimum number of joint and muscle pain located in
designated areas of the body, sleep disturbances, and
other associated symptoms and signs.

Researchers have identified three distinct syndromes
and several variations in Gulf War veterans. Type one
patients suffer primarily from impaired thinking. Type
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Gulf War syndrome

two patients have a greater degree of confusion and ataxia
(loss of coordination). Type three patients were the most
affected by joint pains, muscle pains, and extremity pares-
thesias (unnatural sensations like burning or tingling in
the arms and legs). In each of the three types, researchers
found different but measurable impairments on objective
testing of neurological function. The business of the ner-
vous system is much more complex and subtle than other
body functions. Measuring it requires equally complex
effort. The tests used in this study carefully measured and
compared localized nerve performance at several differ-
ent tasks against the same values in normal subjects.
Brain wave response to noise and touch, eye muscle
response to spinning, and caloric testing (stimulation of
the ear with warm and cold water, which causes vertigo)
were clearly different between the normal and the test
subjects. The researchers concluded that there was “a
generalized injury to the nervous system.” Another
research group concluded their study by stating that there
was “a spectrum of neurologic injury involving the cen-
tral, peripheral, and autonomic nervous systems.”

Diagnosis

Until there is a clear definition of the disease, diag-
nosis is primarily an exercise in identifying those Gulf
War veterans who have undefined illness in an effort to
learn more about them and their symptoms. Both the
Department of Defense and the Veterans Administration
currently have programs devoted to this problem. Both
the DOD’s Comprehensive Clinical Evaluation Program
and the VA’s Persian Gulf Registry provide free, in-depth
medical evaluations to Gulf War veterans and their fami-
lies. In addition to providing individual veterans with
critical medical care, these organizations use the cumula-
tive data from these programs to advance research on
Gulf War Syndrome itself.

Treatment

Specific treatment awaits specific diagnosis and
identification of a causative agent. Meanwhile, veterans
can benefit from the wide variety of supportive and non-
specific approaches to this and similar problems. There
are many drugs available for symptomatic relief. Psycho-
logical counseling by those specializing in this area can
be immensely beneficial, even life-saving for those con-
templating suicide. Veterans’ benefits are available for
those who are impaired by their symptoms.

Alternative treatment

The symptoms can be worked with using many
modalities of alternative health care. The key to working
successfully with people living their lives with Gulf War
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Ataxia—Lack of coordination.

Caloric testing—Flushing warm and cold water
into the ear stimulates the labyrinth and causes
vertigo and nystagmus if all the nerve pathways
are intact.

Endemic—Always there.

Paresthesia—An altered sensation often described
as burning, tingling, or pin pricks.
Syndrome—Common features of a disease or fea-
tures that appear together often enough to suggest
they may represent a single, as yet unknown, dis-
ease entity. When a syndrome is first identified, an
attempt is made to define it as strictly as possible,
even to the exclusion of some cases, in order to
separate out a pure enough sample to study. This
process is most likely to identify a cause, a posi-
tive method of diagnosis, and a treatment. Later
on, less typical cases can be considered.

syndrome is long-term, ongoing care, whether it be hyp-
notherapy, acupuncture, homeopathy, nutrition, vita-
min/mineral therapy, or bodywork.

Experimental treatment with antibiotics is advocat-
ed by some healthcare professionals who believe that
Gulf War illness is related to a Mycoplasma fermentans
bacterial infection. However, a conclusive link has not
been clinically proven.

Prognosis

The outlook for Persian Gulf War veterans is
unclear, but will hopefully improve as more information
is gathered about the illness. Gradual return to a func-
tioning life may take many years of work and much help.
It is important to note that even in the absence of an iden-
tifiable and curable cause, recovery is possible.
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Paula Anne Ford-Martin

Gum disease see Periodontal disease
Ginther’s disease see Porphyrias

Gynecomastia
Definition

Gyne refers to female, and mastia refers to the
breast. Gynecomastia is strictly a male disease and is any
growth of the adipose (fatty) and glandular tissue in a
male breast. Not all breast growth in men is considered
abnormal, just excess growth.

Causes and symptoms

Breast growth is directed exclusively by female hor-
mones—estrogens. Although men have some estrogen in
their system, it is usually insufficient to cause much breast
enlargement because it is counterbalanced by male hor-
mones—androgens. Upsetting the balance, either by more
of one or less of the other, results in the male developing
female characteristics, breast growth being foremost.

At birth both male and female infants will have little
breast buds from their mother’s hormones. These recede
until adolescence, when girls always, and boys some-
times, have breast growth. At this time, the boy’s breast
growth is minimal, often one-sided and temporary.
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Androgen—Male sex hormone.

Cirrhosis—Diffuse scarring caused by alcohol or
chronic hepatitis often leading to liver failure.

Estrogen—Sex hormone responsible for stimulat-
ing female sexual characteristics.

Klinefelter syndrome—A condition in a male
characterized by having an extra X (female) chro-
mosome and suffering from infertility and gyneco-
mastia.

Thyroid—A gland in the neck that makes thyroxin.
Thyroxin regulates the speed of metabolism.

Extra or altered sex chromosomes can produce inter-
sex problems of several kinds. Breast growth along with
male genital development is seen in Klinefelter syn-
drome—the condition of having an extra X (female)
chromosome—and a few other chromosomal anomalies.
One of the several glands that produce hormones can
malfunction for reasons other than chromosomes. Failure
of androgen production is as likely to produce gyneco-
mastia as overabundant estrogen production. Testicular
failure and castration can also be a cause. Some cancers
and some benign tumors can make estrogens. Lung can-
cer is known to increase estrogens.

If the hormone manufacturing organs are function-
ing properly, problems can still arise elsewhere. The
liver is the principle chemical factory in the body.
Other organs like the thyroid and kidneys also effect
chemical processes. If any of these organs are diseased,
a chemical imbalance can result that alters the manu-
facturing process. Men with cirrhosis of the liver will
often develop gynecomastia from increased production
of estrogens.

Finally, drugs can also cause breast enlargement.
Estrogens are given to men to treat prostate cancer and
a few other diseases. Marijuana and heroin, along with
some prescription drugs, have estrogen effects in some
men. On the list are methyldopa (for blood pressure),
cimetidine (for peptic ulcers), diazepam (Valium), anti-
depressants, and spironolactone (a diuretic).

Diagnosis

Carefully feeling the area beneath the nipple of an
adolescent boy with breast enlargement will reveal a dis-
creet and sometimes tender lump the size of a fat nickel
or quarter. For more serious gynecomastia, the underly-
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Gynecomastia

ing disease will require evaluation, if it is not already
well understood.

Treatment

This condition is usually not treated. If it is the result
of endocrine disease, hormone manipulations may
reduce the effects of the imbalance. There are a number
of medical and surgical interventions possible. Radiation
of misbehaving organs and cancers is considered an
effective treatment.

Prognosis

The progress of gynecomastia is determined by its
cause.
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Habitual abortion see Recurrent
miscarriage

I Hair transplantation
Definition

Hair transplantation is a surgical procedure used to
treat baldness or hair loss. Typically, tiny patches of scalp
are removed from the back and sides of the head and
implanted in the bald spots in the front and top of the head.

Purpose

Hair transplantation is a cosmetic procedure per-
formed on men (and occasionally on women) who have
significant hair loss, thinning hair, or bald spots where
hair no longer grows. In men, hair loss and baldness are
most commonly due to genetic factors (a tendency
passed on in families) and age. Male pattern baldness, in
which the hairline gradually recedes to expose more and
more of the forehead, is the most common form. Men
may also experience a gradual thinning of hair at the
crown or very top of the skull. For women, hair loss is
more commonly due to hormonal changes and is more
likely to be a thinning of hair from the entire head. An
estimated 50,000 men get transplants each year. Trans-
plants can also be done to replace hair lost due to burns,
injury, or diseases of the scalp.

Precautions

Although hair transplantation is a fairly simple pro-
cedure, some risks are associated with any surgery. It is
important to inform the physician about any medications
currently being used and about previous allergic reac-
tions to drugs or anesthetic agents. Patients with blood
clotting disorders also need to inform their physician
before the procedure is performed.
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Description

Hair transplantation surgery is performed by a
physician in an office, clinic, or hospital setting. Each
surgery lasts two to three hours during which approxi-
mately 250 grafts will be transplanted. A moderately
balding man may require up to 1,000 grafts to get good
coverage of a bald area, so a series of surgeries sched-
uled three to four months apart is usually required. The
patient may be completely awake during the procedure
with just a local anesthetic drug applied to numb the
areas of the scalp. Some patients may be given a drug
to help them relax or may be given an anesthetic drug
that puts them to sleep.

The most common transplant procedure uses a thin
strip of hair and scalp from the back of the head. This
strip is cut into smaller clumps of five or six hairs. Tiny
cuts are made in the balding area of the scalp and a
clump is implanted into each slit. The doctor performing
the surgery will attempt to recreate a natural looking
hairline along the forehead. Minigrafts, micrografts, or
implants of single hair follicles can be used to fill in
between larger implant sites and can provide a more nat-
ural-looking hairline. The implants will also be arranged
so that thick and thin hairs are interspersed and the hair
will grow in the same direction.

Another type of hair replacement surgery is called
scalp reduction. This involves removing some of the skin
from the hairless area and “stretching” some of the near-
by hair-covered scalp over the cut-away area.

Health insurance will not pay for hair transplants
that are done for cosmetic reasons. Insurance may pay
for hair replacement surgery to correct hair loss due to
accident, burn, or disease.

It is important to be realistic about what the final
result of a hair transplant will look like. This procedure
does not create new hair, it simply redistributes the hair
that the patient still has. Some research has been con-
ducted where chest hair has been transplanted to the
balding scalp, but this procedure is not widely practiced.
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Hair transplantation

The most common hair transplant procedure involves taking small strips of scalp containing hair follicles from the donor
area, usually at the sides or back of the head. These strips are then divided into several hundred smaller grafts. The surgeon
relocates these grafts containing skin, follicle, and hair to tiny holes in the balding area by using microsurgical instruments

or lasers. (lllustration by Electronic lllustrators Group.)

Preparation

It is important to find a respected, well-established,
experienced surgeon and discuss the expected results
prior to the surgery. The patient may need blood tests to
check for bleeding or clotting problems and may be
asked not to take aspirin products before the surgery.
The type of anesthesia used will depend on how exten-
sive the surgery will be and where it will be performed.
The patient may be awake during the procedure, but may
be given medication to help them relax. A local anesthet-
ic drug which numbs the area will be applied or injected
into the skin at the surgery sites.

Aftercare

The area may need to be bandaged overnight. The
patient can return to normal activities; however, stren-
uous activities should be avoided in the first few days
after the surgery. On rare occasions, the implants can
be “ejected” from the scalp during vigorous exercise.
There may be some swelling, bruising, headache, and
discomfort around the graft areas and around the eyes.
These symptoms can usually be controlled with a mild
pain reliever like aspirin. Scabs may form at the graft
sites and should not be scraped off. There may be
some numbness at the sites, but it will diminish within
two to three months.

Risks

Although there are rare cases of infection or scar-
ring, the major risk is probably that the grafted area does
not look the way the patient expected it to look.
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Normal results

The transplanted hair will fall out within a few
weeks, however, new hair will start to grow in the graft
sites within about three months. A normal rate of hair
growth is about 0.25-0.5 in (6—13 mm) per month.

Abnormal results

Major complications as a result of hair transplanta-
tion are extremely rare. Occasionally, a patient may have
problems with delayed healing, infection, scarring, or
rejection of the graft; but this is uncommon.
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I Hairy cell leukemia
Definition

Hairy cell leukemia is a disease in which a type of
white blood cell called the lymphocyte, present in the
blood and bone marrow, becomes malignant and prolifer-
ates. It is called hairy cell leukemia because the cells
have tiny hair-like projections when viewed under the
microscope.

Description

Hairy cell leukemia (HCL) is a rare cancer. It was
first described in 1958 as leukemic reticuloendotheliosis,
erroneously referring to a red blood cell because
researchers were unsure of the cell of origin. It became
more easily identifiable in the 1970s. There are approxi-
mately 600 new cases diagnosed every year in the United
States, making up about 2% of the adult cases of
leukemia each year.

HCL is found in cells located in the blood. There are
three types of cells found in the blood: the red blood cells
that carry oxygen to all the parts of the body; the white
blood cells that are responsible for fighting infection and
protecting the body from diseases; and the platelets that
help in the clotting of blood. Hairy cell leukemia affects a
type of white blood cell called the lymphocyte. Lympho-
cytes are made in the bone marrow, spleen, lymph nodes,
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KEY TERMS

Anesthetic agents—Medication or drugs that can
be injected with a needle or rubbed onto and area
to make it numb before a surgical procedure.
Anesthesia drugs may also be given by mouth,
breathed in as a gas, or injected into a vein or
muscle to make a patient relaxed or unconscious.

Hair follicle—A tube-like indentation in the skin
from which a single hair grows.

Minigraft or micrograft—Transplantation of a
small number of hair follicles, as few as one to
three hairs, into a transplant site.

Transplantation—Surgically cutting out hair folli-
cles and replanting them in a different spot on the
head.

and other organs. It specifically affects B-lymphocytes,
which mature in the bone marrow. However, extremely
rare variants of HCL have been discovered developing
from T-lymphocytes, which mature in the thymus.

When hairy cell leukemia develops, the white blood
cells become abnormal both in the way they appear (by
acquiring hairy projections) and in the way they act (by
proliferating without the normal control mechanisms).
Further, the cells tend to accumulate in the spleen, caus-
ing it to become enlarged. The cells may also collect in
the bone marrow and prevent it from producing normal
blood cells. As a result, there may not be enough normal
white blood cells in the blood to fight infection.

The median age at which people develop HCL is 52
years. Though it occurs in all ages, HCL more commonly
develops in the older population. Men are four times
more likely to develop HCL than women. There have
been reports of familial aggregation of disease, with
higher occurrences in Ashkenazi Jewish men. A potential
genetic link is undergoing further investigation.

Causes and symptoms

The cause of hairy cell leukemia is not specifically
known. However, exposure to radiation is a known cause
of leukemia in general. Familial involvement is another
theory, suggesting that there is a genetic component
associated with this disease.

HCL is a chronic (slowly progressing) disease, and
the patients may not show any symptoms for many years.
As the disease advances, the patients may suffer from
one or more of the following symptoms:
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Hairy cell leukemia
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A magnified image of white blood cells with “hairy” projec-
tions. (Photograph by M. Abbey. Photo Researchers, Inc. Repro-
duced by permission.)

» weakness

- fatigue

« recurrent infections

* fever

* anemia

* bruising

* pain or discomfort in the abdominal area
» weight loss (uncommon)

* night sweats (uncommon)

Pain and discomfort are caused by an enlarged
spleen, which results from the accumulation of the abnor-
mal hairy cells in the spleen. Blood tests may show abnor-
mal counts of all the different types of cells. This happens
because the cancerous cells invade the bone marrow as
well and prevent it from producing normal blood cells.
Because of the low white cell count in the blood, the
patient may have frequent infections. Fever often accom-
panies the infections. The patient is most susceptible to
bacterial infections, but infections of any kind are the
major cause of death. The low red cell count may cause
anemia, fatigue, and weakness, and the low platelet
count may cause the person to bruise and bleed easily.

Diagnosis

When a patient suffers from the above symptoms,
the doctor will palpate the abdomen and may order scans
to see if the spleen is enlarged (splenomegaly). An
enlarged spleen is present in 80% of patients. An
enlarged liver is less common, but can occur.

If the spleen is enlarged, the doctor may order several
blood tests. In these tests, the total numbers of each of the
different types of blood cells (CBC) are reported. Sixty to
eighty percent of patients suffer from pancytopenia, which
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is a dramatic reduction in the number of red blood cells,
white blood cells, and platelets circulating in the blood.

If the blood tests are abnormal, the doctor may order
a bone marrow aspiration and biopsy. In order to
establish a diagnosis, hairy cells must be present in the
bone marrow.

Treatment

When physicians perform blood tests, they will
determine the level of hemoglobin (the oxygen-trans-
porting molecule of red blood cells). Serum hemoglobin
levels and the size of the spleen, which can be measured
on exam and by using an x ray, are proposed criteria for
determining the stage of HCL. The following are the
three proposed stages and their criteria:

« Stage I: Hemoglobin greater than 12 g/dL (1 g = approx-
imately 0.02 pint and 1 dL = approximately 0.33 ounce)
and spleen less than or equal to 10 cm (3.9 inches).

« Stage II: Hemoglobin between 8.5 and 12 g/dL and
spleen greater than 10 cm (3.9 inches).

« Stage III: Hemoglobin less than 8.5 g/dL and spleen
greater than 10 cm (3.9 inches).

Since there is generally no accepted staging system,
another method for evaluating the progression of HCL is
to group patients into two categories: untreated HCL and
progressive HCL, in which hairy cells are present after
therapy has been administered.

Some people with hairy cell leukemia have very few
or no symptoms at all, and it is reasonable to expect that
10% of patients may not need any treatment. However, if
the patient is symptomatic and needs intervention, HCL
is especially responsive to treatment.

There are three main courses of treatment: chemo-
therapy, splenectomy (surgical removal of the spleen),
and immunotherapy. Once a patient meets treatment cri-
teria, purine analogues, particularly the drugs, pento-
statin and cladribine, are the first-line therapy. Pento-
statin is administered at Smg/m’ for two days every other
week until total remission is achieved. Patients may
experience side effects such as fever, nausea, vomiting,
photosensitivity, and keratoconjuctivitis. However, fol-
low-up studies estimate a relapse-free survival rate at
76%. Cladribine (2-CdA) taken at 0.1mg/kg/day for
seven days also has an impressive response. Eighty-six
percent of patients experience complete remission after
treatment, while 16% experience partial remission. Fever
is the principal side effect of 2-CdA.

Biological therapy or immunotherapy, where the
body’s own immune cells are used to fight cancer, is also
being investigated in clinical trials for hairy cell leukemia.
A substance called interferon that is produced by the white
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blood cells of the body was the first systemic treatment
that showed consistent results in fighting HCL. The FDA
approved interferon-alpha (INF-alpha) to fight HCL. The
mechanism by which INF-alpha works is not clearly
understood. However, it is known that interferon stimu-
lates the body’s natural killer cells that are suppressed dur-
ing HCL. The standard dosage is 2 MU/m’ three times a
week for 12 months. Side effects include fever, myalgia,
malaise, rashes, and gastrointestinal complaints.

If the spleen is enlarged, it may be removed in a sur-
gical procedure known as splenectomy. This usually caus-
es a remission of the disease. However, 50% of patients
that undergo splenectomy require some type of systemic
treatment such as chemotherapy or immunotherapy.
Splenectomy is not the most widely used course of treat-
ment as it was many years ago. Although the spleen is not
an indispensable organ, it is responsible for helping the
body fight infection. Therefore, other therapies are pre-
ferred in order to salvage the spleen and its functions.

Most patients have excellent prognosis and can
expect to live 10 years or longer. The disease may remain
silent for years with treatment. Continual follow-up is
necessary to monitor the patient for relapse and deter-
mine true cure rates.

Alternative treatment

Many individuals choose to supplement traditional
therapy with complementary methods. Often, these
methods improve the tolerance of side effects and symp-
toms as well as enrich the quality of life. The American
Cancer Society recommends that patients talk to their
doctor to ensure that the methods they are using are safe-
ly supplementing traditional therapy. Some complemen-
tary treatments include the following:

° yoga

» meditation

« religious practices and prayer
« music therapy

« art therapy

 massage therapy

 aromatherapy

Prevention

Since the cause for the disease is unknown and there
are no specific risk factors, there is no known prevention.

Resources

BOOKS
Bast, Robert C. Cancer Medicine. Lewiston, NY: B.C. Decker
Inc., 2000.
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Halitosis see Bad breath

I Hallucinations
Definition

Hallucinations are false or distorted sensory experi-
ences that appear to be real perceptions. These sensory
impressions are generated by the mind rather than by any
external stimuli, and may be seen, heard, felt, and even
smelled or tasted.
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Hallucinations

Description

A hallucination occurs when environmental, emo-
tional, or physical factors such as stress, medication,
extreme fatigue, or mental illness cause the mechanism
within the brain that helps to distinguish conscious per-
ceptions from internal, memory-based perceptions to
misfire. As a result, hallucinations occur during periods
of consciousness. They can appear in the form of visions,
voices or sounds, tactile feelings (known as haptic hallu-
cinations), smells, or tastes.

Patients suffering from dementia and psychotic dis-
orders such as schizophrenia frequently experience hal-
lucinations. Hallucinations can also occur in patients
who are not mentally ill as a result of stress overload or
exhaustion, or may be intentionally induced through the
use of drugs, meditation, or sensory deprivation. A 1996
report, published in the British Journal of Psychiatry,
noted that 37% of 4,972 people surveyed experienced
hypnagogic hallucinations (hallucinations that occur as a
person is falling to sleep). Hypnopomic hallucinations
(hallucinations that occur just upon waking) were report-
ed by 12% of the sample.

Causes and symptoms
Common causes of hallucinations include:

* Drugs. Hallucinogenics such as ecstasy (3,4-methyl-
enedioxymethamphetamine, or MDMA), LSD (lyser-
gic acid diethylamide, or acid), mescaline (3,4,5-
trimethoxyphenethylamine, or peyote), and psilocybin
(4-phosphoryloxy-N, N-dimethyltryptamine, or mush-
rooms) trigger hallucinations. Other drugs such as mar-
ijuana and PCP have hallucinatory effects. Certain pre-
scription medications may also cause hallucinations. In
addition, drug withdrawal may induce tactile and visual
hallucinations; as in an alcoholic suffering from deliri-
um tremens (DTs).

Stress. Prolonged or extreme stress can impede thought
processes and trigger hallucinations.

Sleep deprivation and/or exhaustion. Physical and emo-
tional exhaustion can induce hallucinations by blurring
the line between sleep and wakefulness.

Meditation and/or sensory deprivation. When the brain
lacks external stimulation to form perceptions, it may
compensate by referencing the memory and form hallu-
cinatory perceptions. This condition is commonly
found in blind and deaf individuals.

* Electrical or neurochemical activity in the brain. A hal-
lucinatory sensation—usually involving touch—called
an aura, often appears before, and gives warning of, a
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migraine. Also, auras involving smell and touch (tactile)
are known to warn of the onset of an epileptic attack.

» Mental illness. Up to 75% of schizophrenic patients
admitted for treatment report hallucinations.

* Brain damage or disease. Lesions or injuries to the brain
may alter brain function and produce hallucinations.

Diagnosis

Aside from hypnogogic and hypnopompic halluci-
nations, more than one event suggests a person should
seek evaluation. A general physician, psychologist, or
psychiatrist will try to rule out possible organic, environ-
mental, or psychological causes through a detailed med-
ical examination and social history. If a psychological
cause such as schizophrenia is suspected, a psychologist
will typically conduct an interview with the patient and
his family and administer one of several clinical invento-
ries, or tests, to evaluate the mental status of the patient.

Occasionally, people who are in good mental health
will experience a hallucination. If hallucinations are
infrequent and transitory, and can be accounted for by
short-term environmental factors such as sleep depriva-
tion or meditation, no treatment may be necessary. How-
ever, if hallucinations are hampering an individual’s abil-
ity to function, a general physician, psychologist, or psy-
chiatrist should be consulted to pinpoint their source and
recommend a treatment plan.

Treatment

Hallucinations that are symptomatic of a mental ill-
ness such as schizophrenia should be treated by a psy-
chologist or psychiatrist. Antipsychotic medication such
as thioridazine (Mellaril), haloperidol (Haldol), chlorpro-
mazine (Thorazine), clozapine (Clozaril), or risperidone
(Risperdal) may be prescribed.

Prognosis

In many cases, chronic hallucinations caused by
schizophrenia or some other mental illness can be con-
trolled by medication. If hallucinations persist, psy-
chosocial therapy can be helpful in teaching the patient
the coping skills to deal with them. Hallucinations due to
sleep deprivation or extreme stress generally stop after
the cause is removed.

Resources

BOOKS

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 4th ed. Washington, DC:
American Psychiatric Press, Inc., 1994.
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Hallucinogen see Lysergic acid
diethylamide

Hallux valgus see Bunion
Haloperidol see Antipsychotic drugs

I Hammertoe
Definition

Hammertoe is a condition in which the toe is bent in
a claw-like position. It can be present in more than one
toe but is most common in the second toe.

Description

Hammertoe is described as a deformity in which the
toes bend downward with the toe joint usually enlarged.
Over time, the joint enlarges and stiffens as it rubs
against shoes. Other foot structures involved include the
overlying skin and blood vessels and nerves connected to
the involved toes.

Causes and symptoms

The shortening of tendons responsible for the con-
trol and movement of the affected toe or toes cause
hammertoe. Top portions of the toes become callused
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Aura—A subjective sensation or motor phenome-
non that precedes and indicates the onset of a
neurological episode, such as a migraine or an
epileptic seizure.

Hypnogogic hallucination—A hallucination, such
as the sensation of falling, that occurs at the onset
of sleep.

Hypnopompic hallucination—A hallucination
that occurs as a person is waking from sleep.

Sensory deprivation—A situation where an indi-
vidual finds himself in an environment without
sensory cues. Also, (used here) the act of shutting
one’s senses off to outside sensory stimuli to
achieve hallucinatory experiences and/or to
observe the psychological results.

from the friction produced against the inside of shoes.
This common foot problem often results from improp-
er fit of footwear. This is especially the case with high-
heeled shoes placing pressure on the front part of the
foot that compresses the smaller toes tightly together.
The condition frequently stems from muscle imbal-
ance, and usually leaves the affected individual with
impaired balance.

Diagnosis

A thorough medical history and physical exam by a
physician is always necessary for the proper diagnosis of
hammertoe and other foot conditions. Because the condi-
tion involves bony deformity, x rays can help to confirm
the diagnosis.

Treatment
Conservative

Wearing proper footwear and stockings with plenty
of room in the toe region can provide treatment for ham-
mertoe. Stretching exercises may be helpful in lengthen-
ing the excessively tight tendons.

Surgery

In advanced cases, where conservative treatment is
unsuccessful, surgery may be recommended. The tendons
that attach to the involved toes are located and an incision
is made to free the connective tissue to the foot bones.
Additional incisions are made so the toes no longer bend
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Hand-foot-and-mouth disease

Hammertoe most commonly affects the second toe which,
as shown, often develops a corn over the deformity. (Photo-
graph by Dr. H.C. Robinson, Custom Medical Stock Photo.
Reproduced by permission.)

in a downward fashion. The middle joints of the affected
toes are connected together permanently with surgical
hardware such as pins and wire sutures. The incision is
then closed with fine sutures. These sutures are removed
approximately seven to ten days after surgery.

Alternative treatment

Various soft tissue and joint treatments offered by
chiropractic and massage therapy may be useful to
decrease the tightness of the affected structures.

Prognosis

If detected early, hammertoe can be treated non-sur-
gically. If surgery becomes necessary, surgical risks are
minimal with the overall outcome providing good results.

Prevention

Wearing comfortable shoes that fit well can prevent
many foot ailments. Foot width may increase with age.
Feet should always be measured before buying shoes.
The upper part of the shoes should be made of a soft,
flexible material to match the shape of the foot. Shoes
made of leather can reduce the possibility of skin irrita-
tions. Soles should provide solid footing and not be slip-
pery. Thick soles lessen pressure when walking on hard
surfaces. Low-heeled shoes are more comfortable, safer,
and less damaging than high-heeled shoes.
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Resources
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Prospect, Park Ridge, IL 60068.
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thriveonline.oxygen.com>.

Jeffrey P. Larson, RPT

I Hand-foot-and-mouth disease
Definition

Hand-foot-and-mouth disease is an infection of
young children in which characteristic fluid-filled blis-
ters appear on the hands, feet, and inside the mouth.

Description

Coxsackie viruses belong to a family of viruses
called enteroviruses. These viruses live in the gastroin-
testinal tract, and are therefore present in feces. They
can be spread easily from one person to another when
poor hygiene allows the virus within the feces to be
passed from person to person. After exposure to the
virus, development of symptoms takes only four to six
days. Hand-foot-and-mouth disease can occur year-
round, although the largest number of cases are in sum-
mer and fall months.

An outbreak of hand-foot-and-mouth disease
occurred in Singapore in 2000, with more than 1,000
diagnosed cases, all in children, resulting in four deaths.
A smaller outbreak occurred in Malaysia in 2000. In
1998, a serious outbreak of enterovirus 71 in Taiwan
resulted in more than one million cases of hand-foot-
and-mouth disease. Of these, there were 405 severe
cases and 78 deaths, 71 of which were children younger
than five years of age.

Hand-foot-and-mouth should not be confused with
foot and mouth disease, which infects cattle but is
extremely rare in humans. An outbreak of foot and
mouth disease swept through Great Britain and into other
parts of Europe and South America in 2001.
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A child’s foot with pustules on toes, indicating hand-foot-
mouth disease. (Custom Medical Stock Photo. Reproduced by
permission.)

Causes and symptoms

Hand-foot-and-mouth disease is very common among
young children, and often occurs in clusters of children
who are in daycare together. It is spread when poor hand-
washing after a diaper change or contact with saliva (drool)
allows the virus to be passed from one child to another.

Within about four to six days of acquiring the virus,
an infected child may develop a relatively low-grade
fever, ranging from 99-102°F (37.2-38.9°C). Other
symptoms include fatigue, loss of energy, decreased
appetite, and a sore sensation in the mouth that may inter-
fere with feeding. After one to two days, fluid-filled
bumps (vesicles) appear on the inside of the mouth, along
the surface of the tongue, on the roof of the mouth, and on
the insides of the cheeks. These are tiny blisters, about
3—7 mm in diameter. Eventually, they may appear on the
palms of the hands and on the soles of the feet. Occasion-
ally, these vesicles may occur in the diaper region.

The vesicles in the mouth cause the majority of dis-
comfort, and the child may refuse to eat or drink due to
pain. This phase usually lasts for an average of a week.
As long as the bumps have clear fluid within them, the
disease is at its most contagious. The fluid within the
vesicles contains large quantities of the causative viruses.
Extra care should be taken to avoid contact with this fluid.

Diagnosis

Diagnosis is made by most practitioners solely on
the basis of the unique appearance of blisters of the
mouth, hands, and feet, in a child not appearing very ill.

Treatment

There are no treatments available to cure or decrease
the duration of the disease. Medications like aceta-
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KEY TERMS

Enteroviruses—Viruses which live in the gastroin-
testinal tract. Coxsackie viruses, viruses that cause
hand-foot-mouth disease, are an enterovirus.

Vesicle—A bump on the skin filled with fluid.

minophen or ibuprofen may be helpful for decreasing
pain, and allowing the child to eat and drink. It is impor-
tant to try to encourage the child to take in adequate
amounts of fluids, in the form of ice chips or popsicles if
other foods or liquids are too uncomfortable.

Alternative treatment

There are no effective alternative treatments for
hand-foot-and-mouth disease.

Prognosis

The prognosis for a child with hand-foot-and-mouth
disease is excellent. The child is usually completely bet-
ter within about a week of the start of the illness.

Prevention

Prevention involves careful attention to hygiene.
Thorough, consistent hand-washing practices, and dis-
couraging the sharing of clothes, towels, and stuffed toys
are all helpful. Virus continues to be passed in the feces
for several weeks after infection, so good hygiene should
be practiced long after all signs of infection have passed.

Resources

BOOKS

Morag, Abraham, and Pearay L. Ogra. “Viral Infections.” In
Nelson Textbook of Pediatrics, 16th Edition, edited by
Richard Behrman. Philadelphia: W.B. Saunders Co.,
2000.

Ray, C. George. “Enteroviruses.” In Sherris Medical Microbi-
ology: An Introduction to Infectious Diseases, edited by
Kenneth J. Ryan. Norwalk, CT: Appleton and Lange,
1994.

Stoftman, Phyllis. The Family Guide to Preventing and Treat-
ing 100 Infectious Diseases. New York: John Wiley and
Sons, Inc., 1995.
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es.” Patient Care 31, 8 (April 30, 1997): 9+.
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Hantavirus infections

Slavin, Kevin A. and Ilona J. Frieden. “Hand-Foot-And-Mouth
Disease.” Archives of Pediatrics & Adolescent Medicine
(May 1998): 505-507.

Ken R. Wells
Rosalyn S. Carson-DeWitt, MD

Hand-Schiiller-Christian syndrome see
Histiocytosis X

Hansen’s disease see Leprosy

I Hantavirus infections
Definition

Hantavirus infection is caused by a group of viruses
that can infect humans with two serious illnesses: hemor-
rhagic fever with renal syndrome (HFRS), and Han-
tavirus pulmonary syndrome (HPS).

Description

Hantaviruses are found without causing symptoms
within various species of rodents and are passed to
humans by exposure to the urine, feces, or saliva of those
infected rodents. Ten different hantaviruses have been
identified as important in humans. Each is found in spe-
cific geographic regions, and therefore is spread by dif-
ferent rodent carriers. Further, each type of virus causes a
slightly different form of illness in its human hosts:

» Hantaan virus is carried by the striped field mouse, and
exists in Korea, China, Eastern Russia, and the Balkans.
Hantaan virus causes a severe form of hemorrhagic
fever with renal syndrome (HFRS).

* Puumula virus is carried by bank voles, and exists in
Scandinavia, western Russia, and Europe. Puumula
virus causes a milder form of HFRS, usually termed
nephropathia epidemica.

* Seoul virus is carried by a type of rat called the Norway
rat, and exists worldwide, but causes disease almost
exclusively in Asia. Seoul virus causes a form of HFRS
which is slightly milder than that caused by Hantaan
virus, but results in liver complications.

* Prospect Hill virus is carried by meadow voles and
exists in the United States, but has not been found to
cause human disease.

* Sin Nombre virus, the most predominant strain in the
United States, is carried by the deer mouse. This virus
was responsible for severe cases of HPS that occurred
in the Southwestern United States in 1993.
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» Black Creek Canal virus has been found in Florida. It is
predominantly carried by cotton rats.

» New York virus strain has been documented in New
York State. The vectors for this virus seem to be deer
mice and white-footed mice.

 Bayou virus has been reported in Louisiana and Texas
and is carried by the marsh rice rat.

» Blue River virus has been found in Indiana and Okla-
homa and seems to be associated with the white-footed
mouse.

* Monongahela virus, discovered in 2000, has been
found in Pennsylvania and is transmitted by the white-
footed mouse.

Causes and symptoms
Hemorrhagic fever with renal syndrome (HFRS)

Hantaviruses that produce forms of hemorrhagic
fever with renal syndrome (HFRS) cause a classic group
of symptoms, including fever, malfunction of the kid-
neys, and low platelet count. Because platelets are blood
cells important in proper clotting, low numbers of circu-
lating platelets can result in spontaneous bleeding, or
hemorrhage.

Patients with HFRS have pain in the head, abdomen,
and lower back, and may report bloodshot eyes and blurry
vision. Tiny pinpoint hemorrhages, called petechiae, may
appear on the upper body and the soft palate in the mouth.
The patient’s face, chest, abdomen, and back often appear
flushed and red, as if sunburned.

After about five days, the patient may have a sudden
drop in blood pressure; often it drops low enough to
cause the clinical syndrome called shock. Shock is a
state in which blood circulation throughout the body is
insufficient to deliver proper quantities of oxygen.
Lengthy shock can result in permanent damage to the
body’s organs, particularly the brain, which is very sensi-
tive to oxygen deprivation.

Around day eight of HFRS, kidney involvement
results in multiple derangements of the body chemistry.
Simultaneously, the hemorrhagic features of the illness
begin to cause spontaneous bleeding, as demonstrated by
bloody urine, bloody vomit, and in very serious cases, brain
hemorrhages with resulting changes in consciousness.

Day eleven often brings further chemical derange-
ments, with associated confusion, hallucinations,
seizures, and lung complications. Those who survive this
final phase usually begin to turn the corner towards
recovery at this time, although recovery takes approxi-
mately six weeks.
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Hantavirus pulmonary syndrome (HPS)

Hantavirus pulmonary syndrome (HPS) develops in
four stages. They are:

* The incubation period. This lasts from one to five
weeks from exposure. Here, the patient may exhibit no
symptoms.

» The prodrome, or warning signs, stage. The patient
begins with a fever, muscle aches, headache, dizziness,
and abdominal pain and upset. Sometimes there is vom-
iting and diarrhea.

* The cardiopulmonary stage. The patient slips into this
stage rapidly, sometimes within a day or two of initial
symptoms; sometimes as long as 10 days later. There is
a drop in blood pressure, shock, and leaking of the
blood vessels of the lungs, which results in fluid accu-
mulation in the lungs, and subsequent shortness of
breath. The fluid accumulation can be so rapid and so
severe as to put the patient in respiratory failure with-
in only a few hours. Some patients experience severe
abdominal tenderness.

« The convalescent stage. If the patient survives the respira-
tory complications of the previous stage, there is a rapid
recovery, usually within a day or two. However, abnormal
liver and lung functioning may persist for six months.

Diagnosis

The diagnosis of infection by a hantavirus uses sero-
logic techniques. The patient’s blood is drawn, and the
ELISA (enzyme-linked immunosorbent assay) is done in a
laboratory to identify the presence of specific immune
substances (antibodies)—substances which an individual’s
body would only produce in response to the hantavirus.

It is very difficult to demonstrate the actual virus in
human tissue, or to grow cultures of the virus within the
laboratory, so the majority of diagnostic tests use indirect
means to demonstrate the presence of the virus.

Treatment

Treatment of hantavirus infections is primarily sup-
portive, because there are no agents available to kill the
viruses and interrupt the infection. Broad-spectrum
antibiotics are given until the diagnosis is confirmed.
Supportive care consists of providing treatment in
response to the patient’s symptoms. Because both HFRS
and HPS progress so rapidly, patients must be closely
monitored, so that treatment may be started at the first
sign of a particular problem. Low blood pressure is treat-
ed with medications. Blood transfusions are given for
both hemorrhage and shock states. Hemodialysis is used
in kidney failure. (Hemodialysis involves mechanically
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KEY TERMS

Hemodialysis—A method of mechanically cleans-
ing the blood outside of the body, in order to
remove various substances which would normally
be cleared by the kidneys. Hemodialysis is used
when an individual is in relative, or complete, kid-
ney failure.

Hemorrhagic—A condition resulting in massive,
difficult-to-control bleeding.

Petechiae—Pinpoint size red spots caused by
hemorrhaging under the skin.

Platelets—Circulating blood cells which are cru-
cial to the mechanism of clotting.

Prodrome—Early symptoms or warning signs
Pulmonary—Referring to the lungs.
Renal—Referring to the kidneys.

Shock—Shock is a state in which blood circula-
tion is insufficient to deliver adequate oxygen to
vital organs.

cleansing the blood outside of the body, to replace the
kidney’s normal function of removing various toxins
form the blood.) Rapid respiratory assistance is critical,
often requiring intubation.

The anti-viral agent ribavirin has been approved for
use in early treatment of hantavirus infections.

Prognosis

The diseases caused by hantaviruses are extraordi-
narily lethal. About 6-15% of people who contract
HFRS have died. Almost half of all people who contract
HPS will die. It is essential that people living in areas
where the hantaviruses exist seek quick medical treat-
ment, should they begin to develop an illness that might
be due to a hantavirus.

Prevention

There are no immunizations currently available
against any of the hantaviruses. The only forms of pre-
vention involve rodent control within the community and
within individual households. The following is a list of
preventative measures:

* Avoiding areas known to be infested by rodents is
essential.

« Keep a clean home and keep food in rodent-proof con-
tainers.
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Haptoglobin test

» Dispose of garbage and empty pet food dishes at night.

« Set rodent traps around baseboards and in tight places.
Dispose of dead animals with gloves and disinfect the
area with bleach.

« Use rodenticide as necessary.

* Seal any entry holes 0.25 inch wide or wider around
foundations with screen, cement, or metal flashing.

* Clear brush and junk from house foundations.
¢ Put metal flashing around house foundations.
« Elevate hay, woodpiles, and refuse containers.

« Air out all sealed outbuildings or cabins 30 minutes
before cleaning for the season.

» When camping, do not sleep on the bare ground; sleep
on a cot or in a tent with a floor.
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Janie F. Franz

I Haptoglobin test
Definition

This test is done to help evaluate a person for
hemolytic anemia.
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Purpose

Haptoglobin is a blood protein made by the liver.
The haptoglobin levels decrease in hemolytic anemia.
Hemolytic anemias include a variety of conditions that
result in hemolyzed, or burst, red blood cells.

Decreased values can also indicate a slower type of
red cell destruction unrelated to anemia. For example,
destruction can be caused by mechanical heart valves or
abnormal hemoglobin, such as sickle cell disease or tha-
lassemia.

Haptoglobin is known as an acute phase reactant. Its
level increases during acute conditions such as infection,
injury, tissue destruction, some cancers, burns, surgery, or
trauma. Its purpose is to remove damaged cells and debris
and rescue important material such as iron. Haptoglobin
levels can be used to monitor the course of these conditions.

Description

Hemoglobin is the protein in the red blood cell that
carries oxygen throughout the body. Iron is an essential
part of hemoglobin; without iron, hemoglobin can not
function. Haptoglobin’s main role is to save iron by attach-
ing itself to any hemoglobin released from a red cell.

When red blood cells are destroyed, the hemoglobin
is released. Haptoglobin is always present in the blood
waiting to bind to released hemoglobin. White blood
cells (called macrophages) bring the haptoglobin-hemo-
globin complex to the liver, where the haptoglobin and
hemoglobin are separated and the iron is recycled.

In hemolytic anemia, so many red cells are
destroyed that most of the available haptoglobin is need-
ed to bind the released hemoglobin. The more severe the
hemolysis, the less haptoglobin remains in the blood.

Haptoglobin is measured in several different ways.
One way is called rate nephelometry. A person’s serum is
mixed with a substance that will bind to haptoglobin. The
amount of bound haptoglobin is measured using a rate
nephelometer, which measures the amount of light scat-
tered by the bound haptoglobin. Another way of measur-
ing haptoglobin is to measure it according to how much
hemoglobin it can bind.

Preparation

This test requires 5 mL of blood. The person being
tested should avoid taking oral contraceptives or andro-
gens before this test. A healthcare worker ties a tourniquet
on the person’s upper arm, locates a vein in the inner
elbow region, and inserts a needle into that vein. Vacuum
action draws the blood through the needle into an attached
tube. Collection of the sample takes only a few minutes.
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KEY TERMS

Acute phase reactant—A substance in the blood
that increases as a response to an acute condition
such as infection, injury, tissue destruction, some
cancers, burns, surgery, or trauma.

Haptoglobin—A blood protein made by the liver.
Its main role is to save iron by attaching itself to
any hemoglobin released from a red cell.

Hemoglobin—The protein in the red blood cell
that carries oxygen.

Hemolytic anemia—A variety of conditions that
result in hemolyzed, or burst, red blood cells.

Aftercare

Discomfort or bruising may occur at the puncture
site or the person may feel dizzy or faint. Pressure to the
puncture site until the bleeding stops reduces bruising.
Warm packs to the puncture site relieve discomfort.

Normal results

Normal results vary based on the laboratory and test
method used. Haptoglobin is not present in newborns at
birth, but develop adult levels by 6 months.

Abnormal results

Decreased haptoglobin levels usually indicates
hemolytic anemia. Other causes of red cell destruction
also decrease haptoglobin: a blood transfusion reaction;
mechanical heart valve; abnormally shaped red cells; or
abnormal hemoglobin, such as thalassemia or sickle cell
anemia.

Haptoglobin levels are low in liver disease, because
the liver can not manufacture normal amounts of hapto-
globin. Low levels may also indicate an inherited lack of
haptoglobin, a condition found particularly in African
Americans.

Haptoglobin increases as a reaction to illness, trau-
ma, or rheumatoid disease. High haptoglobin values
should be followed-up with additional tests. Drugs can
also effect haptoglobin levels.

Normal results vary widely from person to person.
Unless the level is very high or very low, haptoglobin
levels are most valuable when the results of several tests
done on different days are compared.

Nancy J. Nordenson
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Hardening of the arteries see Atherosclerosis
Harelip see Cleft lip and palate

I Hartnup disease
Definition

Hartnup disease is an inherited nutritional disorder
with primary symptoms including a red, scaly rash and
sensitivity to sunlight.

Description

Hartnup disease was first identified in the 1950s in
the Hartnup family in London. A defect in intestines and
kidneys makes it difficult to break down and absorb pro-
tein in the diet. This causes a condition very similar to
pellegra (niacin deficiency). The condition occurs in
about one of every 26,000 live births.

Causes and symptoms

Hartnup disease is an in-born error of metabolism,
that is, a condition where certain nutrients cannot be
digested and absorbed properly. The condition is
passed on genetically in families. It occurs when a per-
son inherits two recessive genes for the disease, one
from each parent. People with Hartnup disease are not
able to absorb some of the amino acids (the smaller
building blocks that make up proteins) in their
intestines. One of the amino acids that is not well
absorbed is tryptophan, which the body uses to make
its own form of niacin.

The majority of people with this disorder do not
show any symptoms. About 10-20% of people with
Hartnup disease do have symptoms. The most prominent
symptom is a red, scaly rash that gets worse when the
patient is exposed to sunlight. Headache, fainting, and
diarrhea may also occur. Mental retardation, cerebral
ataxia (muscle weakness), and delirium (a confused,
agitated, delusional state) are some of the more serious
complications that can occur. Short stature has also been
noted in some patients. Although this is an inherited dis-
ease, the development of symptoms depends on a variety
of factors including diet, environment, and other genetic
traits controlling amino acid levels in the body. Symp-
toms can be brought on by exposure to sunlight, fever,
drugs, or other stresses. Poor nutrition frequently pre-
cedes an attack of symptoms. The frequency of attacks
usually decreases as the patient gets older.

1511

aseasip dnujrey



Hatha yoga

KEY TERMS

Amino acids—Proteins are made up of organic
compounds called amino acids. The human body
uses amino acids to build and repair body tissue.
The body can make some of its own amino acids
from other nutrients in the diet; these are called
non-essential amino acids. Essential amino acids
are those that cannot be made by the body but
must be consumed in the diet. Animal proteins
(like meat, eggs, fish, and milk) provide all of the
amino acids.

Aminoaciduria—A condition confirmed by labo-
ratory tests where high levels of amino acids are
found in the urine.

Pellegra—A condition caused by a dietary defi-
ciency of one of the B vitamins, called niacin.

Tryptophan—An essential amino acid that has to
consumed in the diet because it cannot be manu-
factured by the body. Tryptophan is converted by
the body to niacin, one of the B vitamins.

Diagnosis

The symptoms of this disease suggest a deficiency of
a B vitamin called niacin. A detailed diet history can be
used to assess if there is adequate protein and vitamins in
the diet. The diagnosis of Hartnup disease is confirmed by
a laboratory test of the urine which will contain an abnor-
mally high amount of amino acids (aminoaciduria).

Treatment

The vitamin niacin is given as a treatment for Hart-
nup disease. The typical dosage ranges from 40—-200 mg
of nicotinamide (a form of niacin) per day to prevent pel-
lagra-like symptoms. Some patients may require dietary
supplements of tryptophan.

Eating a healthy, high protein diet can relieve the
symptoms and prevent them from recurring.

Prognosis

The prognosis for a healthy life is good once the
condition has been identified and treated.

Prevention

Hartnup disease is an inherited condition. Parents
may not have the disease themselves, but may pass the
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genes responsible for it on to their children. Genetic
testing can be used to identify carriers of the genes.
Symptoms can usually be controlled with a high protein
diet, vitamin supplements of niacin, and by avoiding the
stresses that contribute to attacks of symptoms.
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Research Laboratories, 1992.
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cine. 5th ed. Ed. Jay H. Stein. St. Louis: Mosby, 1998.
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Principles of Internal Medicine, ed. Anthony S. Fauci, et
al. New York: McGraw-Hill, 1997.

ORGANIZATIONS
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Altha Roberts Edgren

Hashimoto’s disease see Thyroiditis

I Hatha yoga
Definition

Hatha yoga is the most widely practiced form of
yoga in America. It is the branch of yoga which concen-
trates on physical health and mental well-being. Hatha
yoga uses bodily postures (asanas), breathing tech-
niques (pranayama), and meditation (dyana) with the
goal of bringing about a sound, healthy body and a
clear, peaceful mind. There are nearly 200 hatha yoga
postures, with hundreds of variations, which work to
make the spine supple and to promote circulation in all
the organs, glands, and tissues. Hatha yoga postures
also stretch and align the body, promoting balance and
flexibility.

GALE ENCYCLOPEDIA OF MEDICINE 2



Purpose

In a celebrated 1990 study, Dr. Dean Ornish’s Pro-
gram for Reversing Heart Disease (Random House), a
cardiologist showed that yoga and meditation combined
with a low-fat diet and group support could significantly
reduce the blockage of coronary arteries. Other studies
have shown yoga’s benefit in reducing stress-related
problems such as high blood pressure and cholesterol.
Meditation has been adopted by medical schools and clin-
ics as an effective stress management technique. Hatha
yoga is also used by physical therapists to improve many
injuries and disabilities, as the gentleness and adaptability
of yoga make it an excellent rehabilitation program.

Yoga has been touted for its ability to reduce prob-
lems with such varying conditions as asthma, backach-
es, diabetes, constipation, menopause, multiple sclero-
sis, varicose veins, and carpal tunnel syndrome. A veg-
etarian diet is the dietary goal of yoga, and this change of
lifestyle has been shown to significantly increase
longevity and reduce heart disease.

Yoga as a daily exercise program can improve fitness,
strength, and flexibility. People who practice yoga correct-
ly every day report that it can promote high levels of over-
all health and energy. The mental component of yoga can
clarify and discipline the mind, and yoga practitioners say
its benefits can permeate all facets of a person’s life and
attitude, raising self-esteem and self-understanding.

Description
Origins

Yoga was developed in ancient India as far back as
5,000 years ago; sculptures detailing yoga positions have
been found in India which date back to 3000 B.c. Yoga is
derived from a Sanskrit word which means “union.” The
goal of classical yoga is to bring self-transcendence, or
enlightenment, through physical, mental and spiritual
health. Many people in the West mistakenly believe yoga
to be a religion, but its teachers point out that it is a sys-
tem of living designed to promote health, peace of mind,
and deeper awareness of ourselves. There are several
branches of yoga, each of which is a different path and
philosophy toward self-improvement. Some of these
paths include service to others, pursuit of wisdom, non-
violence, devotion to God, and observance of spiritual
rituals. Hatha yoga is the path which has physical health
and balance as a primary goal, for its practitioners
believe that greater mental and spiritual awareness can be
brought about with a healthy and pure body.

The origins of hatha yoga have been traced back to
the eleventh century A.D. The Sanskrit word ha means
“sun” and tha means “moon,” and thus hatha, or literally

GALE ENCYCLOPEDIA OF MEDICINE 2

sun-moon yoga, strives to balance opposing parts of the
physical body, the front and back, left and right, top and
bottom. Some yoga masters (yogis) claim that hatha yoga
was originally developed by enlightened teachers to help
people survive during the Age of Kali, or the spiritual
dark ages, in which Hindus believe we are now living.

The original philosophers of yoga developed it as an
eight-fold path to complete health. These eight steps
include moral and ethical considerations (such as hon-
esty, non-aggression, peacefulness, non-stealing, gen-
erosity, and sexual propriety), self-discipline (including
purity, simplicity, devotion to God, and self-knowledge),
posture, breath control, control of desires, concentration,
meditation, and happiness. According to yogis, if these
steps are followed diligently, a person can reach high lev-
els of health and mental awareness.

As it has subsequently developed, hatha yoga has
concentrated mainly on two of the eight paths, breathing
and posture. Yogis believe breathing to be the most
important metabolic function; we breathe roughly 23,000
times per day and use about 4,500 gallons of air, which
increases during exercise. Thus, breathing is extremely
important to health, and prana, or life-force, is found
most abundantly in the air and in the breath. If we are
breathing incorrectly, we are hampering our potential for
optimal health. Pranayama, literally the “science of
breathing” or “control of life force,” is the yogic practice
of breathing correctly and deeply.

In addition to breathing, hatha yoga utilizes asanas,
or physical postures, to bring about flexibility, balance
and strength in the body. Each of these postures has a
definite form and precise steps for achieving the desired
position and for exiting it. These postures, yogis main-
tain, have been scientifically developed to increase circu-
lation and health in all parts of the body, from the muscu-
lar tissues to the glands and internal organs. Yogis claim
that although hatha yoga can make the body as strong
and fit as any exercise program, its real benefits come
about because it is a system of maintenance and balance
for the whole body.

Yoga was brought to America in the late 1800s,
when Swami Vivekananda, an Indian yogi, presented a
lecture on yoga in Chicago. Hatha yoga captured the
imagination of the Western mind, because accomplished
yogis could demonstrate incredible levels of fitness, flex-
ibility, and control over their bodies and metabolism.
Yoga has flourished in the West. Americans have brought
to yoga their energy and zest for innovation, which trou-
bles some Indian yogis and encourages others, as new
variations and schools of yoga have developed. For
instance, power yoga is a recent Americanized version of
yoga which takes hatha yoga principles and speeds them
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Hatha yoga

KEY TERMS

Asana—Yoga posture or stance.

Diaphragm breathing—Method of deep breathing
using the entire lungs.

Dyana—Yoga meditation.
Meditation—Technique of mental relaxation.

Prana—Yoga term for life-enhancing nutrient
found in air, food and water.

Pranayama—Yoga method of breathing.

up into an extremely rigorous aerobic workout, and many
strict hatha yoga teachers oppose this sort of change to
their philosophy. Other variations of hatha yoga in Amer-
ica now include Iyengar, Ashtanga, Kripalu, Integral,
Viniyoga, Hidden Language, and Bikram yoga, to name
a few. Sivananda yoga was practiced by Lilias Folen,
who was responsible for introducing many Americans to
yoga through public television.

Iyengar yoga was developed by B.K.S. Iyengar, who
is widely accepted as one of the great living yogis. Iyen-
gar uses classical hatha yoga asanas and breathing tech-
niques, but emphasizes great precision and strict form in
the poses, and uses many variations on a few postures.
Iyengar allows the use of props such as belts, ropes,
chairs, and blocks to enable students to get into postures
they otherwise couldn’t. In this respect, Iyengar yoga is
good for physical therapy because it assists in the manip-
ulation of inflexible or injured areas.

Ashtanga yoga, made popular by yogi K. Patabhi
Jois, also uses hatha yoga asanas, but places an emphasis
on the sequences in which these postures are performed.
Ashtanga routines often unfold like long dances with
many positions done quickly one after the other. Ashtan-
ga is thus a rigorous form of hatha yoga, and sometimes
can resemble a difficult aerobic workout. Ashtanga
teachers claim that this form of yoga uses body heat,
sweating, and deep breathing to purify the body.

Kripalu yoga uses hatha yoga positions but empha-
sizes the mental and emotional components of each
asana. Its teachers believe that tension and long-held
emotional problems can be released from the body by a
deep and meditative approach to the yoga positions. Inte-
gral yoga seeks to combine all the paths of yoga, and is
generally more meditative than physical, emphasizing
spirituality and awareness in everyday life. Viniyoga tries
to adapt hatha yoga techniques to each individual body
and medical problem. Hidden Language yoga was devel-
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oped by Swami Sivananda Radha, a Western man influ-
enced by Jungian psychology. It emphasizes the symbol-
ic and psychological parts of yoga postures and tech-
niques. Its students are encouraged to write journals and
participate in group discussions as part of their practice.
Bikram yoga has become very popular in the late 1990s,
as its popular teacher, Bikram Choudury, began teaching
in Beverly Hills and has been endorsed by many famous
celebrities. Bikram yoga uses the repetition of 26 specific
poses and two breathing techniques to stretch and tone
the whole body.

A hatha yoga routine consists of a series of physical
postures and breathing techniques. Routines can take
anywhere from 20 minutes to two hours, depending on
the needs and ability of the practitioner. Yoga should
always be adapted to one’s state of health; that is, a short-
er and easier routine should be used when a person is
fatigued. Yoga is ideally practiced at the same time every
day, to encourage the discipline of the practice. It can be
done at any time of day; some prefer it in the morning as
a wake-up routine, while others like to wind down and
de-stress with yoga at the end of the day.

Yoga asanas consist of three basic movements: back-
ward bends, forward bends, and twisting movements.
These postures are always balanced; a back bend should be
followed with a forward bend, and a leftward movement
should be followed by one to the right. Diaphragm breath-
ing is important during the poses, where the breath begins
at the bottom of the lungs. The stomach should move out-
ward with the inhalation and relax inward during exhala-
tion. The breath should be through the nose at all times dur-
ing hatha asanas. Typically, one inhales during backward
bends and exhales during forward bending movements.

The mental component in yoga is as important as the
physical movements. Yoga is not a competitive sport, but a
means to self-awareness and self-improvement. An atti-
tude of attention, care, and non-criticism is important; lim-
itations should be acknowledged and calmly improved.
Patience is important, and yoga stretches should be slow
and worked up to gradually. The body should be worked
with, and never against, and a person should never overex-
ert. A yoga stretch should be done only so far as proper
form and alignment of the whole body can be maintained.
Some yoga stretches can be uncomfortable for beginners,
and part of yoga is learning to distinguish between sensa-
tions that are beneficial and those that can signal potential
injury. A good rule is that positions should be stopped
when there is sharp pain in the joints, muscles, or tendons.

Preparations
All that is needed to perform hatha yoga is a flat floor

and adequate space for stretching out. A well-ventilated
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space is preferable, for facilitating proper breathing tech-
nique. Yoga mats are available which provide non-slip
surfaces for standing poses. Loose, comfortable clothing
should be worn. Yoga should be done on an empty stom-
ach; a general rule is to wait three hours after a meal.

Yoga is an exercise that can be done anywhere and
requires no special equipment. Yoga uses only gravity
and the body itself as resistance, so it is a low-impact
activity excellent for those who don’t do well with other
types of exercise. The mental component of yoga can
appeal to those who get bored easily with exercise. By
the same token, yoga can be a good stress management
tool for those who prefer movement to sitting meditation.

Precautions

As with any exercise program, people should check
with their doctors before starting yoga practice for the
first time. Those with medical conditions, injuries or
spinal problems should find a yoga teacher familiar with
their conditions before beginning yoga. Pregnant
women, particularly after the third month of pregnancy,
should only perform a few yoga positions with the
supervision of an experienced teacher. Some yoga
asanas can be very difficult, and potentially injurious,
for beginners, so teachers should always be consulted as
preparation for advanced yoga positions. Certain yoga
positions should not be performed by those with fevers,
or during menstruation.

Side effects

Those just beginning hatha yoga programs often
report fatigue and soreness throughout the body, as yoga
stretches and exercises muscles and tendons which are
often long-neglected. Some yogic breathing and medita-
tion techniques can be difficult for beginners and can
cause dizziness or disorientation; these are best per-
formed under the guidance of a teacher.

Resources

BOOKS

Feuerstein, Georg. Yoga for Dummies. New York: IDG Books,
1999.

Bodian, Stephan, and Feuerstein, Georg. Living Yoga. New
York: Putnam, 1993.

Christensen, Alice. 20 Minute Yoga Workouts. New York: Faw-
cett, 1995.

Iyengar, B.K.S. Light on Yoga. New York: Schocken, 1975.

PERIODICALS

Yoga Journal. P.O. Box 469088, Escondido, CA 92046.
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International Association of Yoga Therapists (IAYT). 4150
Tivoli Ave., Los Angeles, CA 90066.

OTHER
<http://www.yogadirectory.com>.
<http://www.mv.com. (yoga for beginners web page).

Douglas Dupler

Haverhill fever see Rat-bite fever
Hay fever see Allergic rhinitis

HBF test see Fetal hemoglobin test
HCG see Infertility drugs

I Head and neck cancer
Definition

The term head and neck cancers refers to a group of
cancers found in the head and neck region. This includes
tumors found in:

« The oral cavity (mouth). The lips, the tongue, the teeth,
the gums, the lining inside the lips and cheeks, the floor
of the mouth (under the tongue), the roof of the mouth
and the small area behind the wisdom teeth are all
included in the oral cavity.

¢ The oropharynx (which includes the back one-third of
the tongue, the back of the throat and the tonsils).

* Nasopharynx (which includes the area behind the nose).
» Hypopharynx (lower part of the throat).

* The larynx (voice box, located in front of the neck, in
the region of the Adam’s apple). In the larynx, the can-
cer can occur in any of the three regions: the glottis
(where the vocal cords are); the supraglottis (the area
above the glottis), and the subglottis (the area that con-
nects the glottis to the windpipe).

The most frequently occurring cancers of the head
and neck area are oral cancers and laryngeal cancers.
Almost half of all the head and neck cancers occur in the
oral cavity, and a third of the cancers are found in the lar-
ynx. By definition, the term “head and neck cancers”
usually excludes tumors that occur in the brain.

Description

Head and neck cancers involve the respiratory tract
and the digestive tract; and they interfere with the func-
tions of eating and breathing. Laryngeal cancers affect
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Head and neck cancer

speech. Loss of any of these functions is significant.
Hence, early detection and appropriate treatment of head
and neck cancers is of utmost importance.

Roughly 10% of all cancers are related to the head
and the neck. It is estimated that more than 55,000 Ameri-
cans will develop cancer of the head and neck in 1998,
and nearly 13,000 will die from the disease. The Ameri-
can Cancer Society estimates that in 1998, approximately,
11,100 new cases of laryngeal cancer alone will be diag-
nosed and 4,300 people will die of this disease. Oral can-
cer is the sixth most common cancer in the United States.
Approximately 40,000 new cases are diagnosed each year
and it causes at least 8,000 deaths. Among the major can-
cers, the survival rate for head and neck cancers is one of
the poorest. Less than 50% of the patients survive five
years or more after initial diagnosis. This is because the
early signs of head and neck cancers are frequently
ignored. Hence, when it is first diagnosed, it is often in an
advanced stage and not very amenable to treatment.

The risk for both oral cancer and laryngeal cancer
seems to increase with age. Most of the cases occur in
individuals over 40 years of age, the average age at diag-
nosis being 60. While oral cancer strikes men twice as
often as it does women, laryngeal cancer is four times
more common in men than in women. Both diseases are
more common in black Americans than among whites.

Causes and symptoms

Although the exact cause for these cancers is
unknown, tobacco is regarded as the single greatest risk
factor: 75-80% of the oral and laryngeal cancer cases
occur among smokers. Heavy alcohol use has also been
included as a risk factor. A combination of tobacco and
alcohol use increases the risk for oral cancer by 6-15
times more than for users of either substance alone. In
rare cases, irritation to the lining of the mouth, due to
jagged teeth or ill-fitting dentures, has been known to
cause oral cancer. Exposure to asbestos appears to
increase the risk of developing laryngeal cancer.

In the case of lip cancer, just like skin cancer, expo-
sure to sun over a prolonged period has been shown to
increase the risk. In the Southeast Asian countries (India
and Sri Lanka), chewing of betel nut has been associated
with cancer of the lining of the cheek. An increased inci-
dence of nasal cavity cancer has been observed among
furniture workers, probably due to the inhalation of wood
dust. A virus (Epstein-Barr) has been shown to cause
nasopharyngeal cancer.

Head and neck cancers are one of the easiest to
detect. The early signs can be both seen and felt. The
signs and symptoms depend on the location of the cancer:
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» Mouth and oral cavity: a sore that does not heal within
two weeks, unusual bleeding from the teeth or gums, a
white or red patch in the mouth, a lump or thickening in
the mouth, throat, or tongue.

« Larynx: persistent hoarseness or sore throat, difficulty
breathing, or pain.

* Hypopharynx and oropharynx: difficulty in swallowing
or chewing food, ear pain.

* Nose, sinuses, and nasopharyngeal cavity: pain, bloody
discharges from the nose, blocked nose, and frequent
sinus infections that do not respond to standard antibi-
otics.

When detected early and treated appropriately, head
and neck cancers have an excellent chance of being cured
completely.

Diagnosis

Specific diagnostic tests used depend on the location
of the cancer. The standard tests are:

Physical examination

The first step in diagnosis is a complete and thor-
ough examination of the oral and nasal cavity, using mir-
rors and other visual aids. The tongue and the back of the
throat are examined as well. Any suspicious looking
lumps or lesions are examined with fingers (palpation).
In order to look inside the larynx, the doctor may some-
times perform a procedure known as laryngoscopy. In
indirect laryngoscopy, the doctor looks down the throat
with a small, long handled mirror. Sometimes the doctor
inserts a lighted tube (laryngoscope or a fiberoptic scope)
through the patient’s nose or mouth. As the tube goes
down the throat, the doctor can observe areas that cannot
be seen by a simple mirror. This procedure is called a
direct laryngoscopy. Sometimes patients may be given a
mild sedative to help them relax, and a local anesthetic to
ease any discomfort.

Blood tests

The doctor may order blood or other immunological
tests. These tests are aimed at detecting antibodies to the
Epstein-Barr virus, which has been known to cause can-
cer of the nasopharynx.

Imaging tests

X rays of the mouth, the sinuses, the skull, and the
chest region may be required. A computed tomography
scan (CT scan), a procedure in which a computer takes a
series of x ray pictures of areas inside the body, may be
done. Ultrasonograms (images generated using sound
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waves) or an MRI (magnetic resonance imaging) a pro-
cedure in which a picture is created using magnets linked
to a computer), are alternate procedures which a doctor
may have done to get detailed pictures of the areas inside
the body.

Biopsy

When a sore does not heal or a suspicious patch or
lump is seen in the mouth, larynx, nasopharynx, or
throat, a biopsy may be performed to rule out the possi-
bility of cancer. The biopsy is the most definitive diag-
nostic tool for detecting the cancer. If cancerous cells are
detected in the biopsied sample, the doctor may perform
more extensive tests in order to find whether, and to
where, the cancer may have spread.

Treatment

The cancers can be treated successfully if diagnosed
early. The choice of treatment depends on the size of the
tumor, its location, and whether it has spread to other
parts of the body.

In the case of lip and mouth cancers, sometimes
surgery is performed to remove the cancer. Radiation
therapy, which destroys the cancerous cells, is also one
of the primary modes of treatment, and may be used
alone or in combination with surgery. If lip surgery is
drastic, rehabilitation cosmetic or reconstructive
surgery may have to be considered.

Cancers of the nasal cavity are often diagnosed late
because they have no specific symptoms in their early
stages, or the symptoms may just resemble chronic
sinusitis. Hence, treatment is often complex, involving a
combination of radiotherapy and surgery. Surgery is gen-
erally recommended for small tumors. If the cancer can-
not be removed by surgery, radiotherapy is used alone.

Treatment of oropharynx cancers (cancers that are
either in the back of the tongue, the throat, or the tonsils)
generally involves radiation therapy and/or surgery. After
aggressive surgery and radiation, rehabilitation is often
necessary and is an essential part of the treatment. The
patient may experience difficulties with swallowing,
chewing, and speech and may require a team of health
care workers, including speech therapists, prosthodon-
tists, occupational therapists etc.

Cancers of the nasopharynx are different from the
other head and neck cancers in that there does not appear
to be any association between alcohol and tobacco use
and the development of the cancer. In addition, the inci-
dence is seen primarily in two age groups: young adults
and 50-70 year-olds. The Epstein-Barr virus has been
implicated as the causative agent in most patients. While
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A specimen of a squamous cell carcinoma of the tongue
and jaw. (Custom Medical Stock Photo. Reproduced by permis-
sion.)

80-90% of small tumors are curable by radiation therapy,
advanced tumors that have spread to the bone and cranial
nerves are difficult to control. Surgery is not very helpful
and, hence, is rarely attempted. Radiation remains the
only treatment of choice to treat the cancer that has
metastasized (traveled) to the lymph nodes in the neck.

In the case of cancer of the larynx, radiotherapy is
the first choice to treat small lesions. This is done in
an attempt to preserve the voice. If the cancer recurs
later, surgery may be attempted. If the cancer is limit-
ed to one of the two vocal cords, laser excision
surgery is used. In order to treat advanced cancers, a
combination of surgery and radiation therapy is often
used. Because the chances of a cure in the case of
advanced laryngeal cancers are rather low with current
therapies, the patient may be advised to participate in
clinical trials so they may get access to new experi-
mental drugs and procedures, such as chemotherapy,
that are being evaluated.
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KEY TERMS

Biopsy—The surgical removal and microscopic
examination of living tissue for diagnostic purposes.

Chemotherapy—Treatment of cancer with synthetic
drugs that destroy the tumor either by inhibiting the
growth of the cancerous cells or by killing the can-
cer cells.

Clinical trials—Highly regulated and carefully con-
trolled patient studies, where either new drugs to
treat cancer or novel methods of treatment are
investigated.

Computerized tomography scan (CT scan)—A
medical procedure where a series of X-rays are
taken and put together by a computer in order to
form detailed pictures of areas inside the body.

Laryngoscopy—A medical procedure that uses flex-
ible, lighted, narrow tubes inserted through the
mouth or nose to examine the larynx and other
areas deep inside the neck.

When only part of the larynx is removed, a relatively
slight change in the voice may occur—the patient may
sound slightly hoarse. However, in a total laryngectomy,
the entire voice box is removed. The patients then have to
re-learn to speak using different approaches, such as
esophageal speech, tracheo-esophageal (TE) speech, or
by means of an artificial larynx.

In esophageal speech, the patients are taught how to
create a new type of voice by forcing air through the
esophagus (food pipe) into the mouth. This method has a
high success rate of approximately 65% and patients are
even able to go back to jobs that require a high level of
verbal communication, such as telephone operators and
salespersons.

In the second approach, TE speech, a small opening,
called a fistula, is created surgically between the trachea
(breathing tube to the lungs) and the esophagus (tube into
the stomach) to carry air into the throat. A small tube,
known as the “voice prosthesis,” is placed in the opening
of the fistula to keep it open and to prevent food and lig-
uid from going down into the trachea. In order to talk, the
stoma (or the opening made at the base of the neck) must
be covered with one’s thumb during exhalation. As the
air is forced out from the trachea into the esophagus, it
vibrates the walls of the esophagus. This produces a
sound that is then modified by the lips and tongue to pro-
duce normal sounding speech.
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Magnetic resonance imaging (MRI)—A medical
procedure used for diagnostic purposes where pic-
tures of areas inside the body can be created using
a magnet linked to a computer.

Radiation therapy—Treatment using high energy
radiation from x-ray machines, cobalt, radium, or
other sources.

Stoma—When the entire larynx must be surgically
removed, an opening is surgically created in the
neck so that the windpipe can be brought out to the
neck. This opening is called the stoma.

Ultrasonogram—A procedure where high-frequen-
cy sound waves that cannot be heard by human
ears are bounced off internal organs and tissues.
These sound waves produce a pattern of echoes
which are then used by the computer to create
sonograms, or pictures of areas inside the body.

X rays—High energy radiation used in high doses,
either to diagnose or treat disease.

In the third approach, an artificial larynx, a battery
driven vibrator, is placed on the outside of the throat.
Sound is created as air passes through the stoma (opening
made at the base of the neck) and the mouth forms words.

Prognosis
Oral Cavity

With early detection and immediate treatment, sur-
vival rates can be dramatically improved. For lip and oral
cancer, if detected at its early stages, almost 80% of the
patients survive five years or more. However, when diag-
nosed at the advanced stages, the five year survival rate
drops to a mere 18%.

Nose and sinuses

Cancers of the nasal cavity often go undetected until
they reach an advanced stage. If diagnosed at the early
stages, the five-year survival rates are 60—70%. However,
if cancers are more advanced, only 10-30% of the
patients survive five years or more.

Oropharynx
In cancer of the oropharynx, 60—80% of the patients

survive five years or more if the cancer is detected in the
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early stages. As the cancer advances, the survival rate
drops to 15-30%.

Nasopharynx

Patients who are diagnosed with early stage cancers
that have originated in the nasopharynx have an excellent
chance of a complete cure (almost 95%). Unfortunately,
most of the time, the patients are in an advanced stage at
the time of initial diagnosis. With the new chemotherapy
drugs, the five year survival rate has improved and
5-40% of the patients survive five years or longer.

Larynx

Small cancers of the larynx have an excellent five-
year survival rate of 75-95%. However, as with most of
the head and neck cancers, the survival rates drop dra-
matically as the cancer advances. Only 15-25% of the
patients survive five years or more after being initially
diagnosed with advanced laryngeal cancer.

Prevention

Refraining from the use of all tobacco products (cig-
arettes, cigars, pipe tobacco, chewing tobacco), consum-
ing alcohol in moderation, and practicing good oral
hygiene are some of the measures that one can take to
prevent head and neck cancers. Since there is an associa-
tion between excessive exposure to the sun and lip can-
cer, people who spend a lot of time outdoors in the sun
should protect themselves from the sun’s harmful rays.
Regular physical examinations, or mouth examination by
the patient himself, or by the patient’s doctor or dentist,
can help detect oral cancer in its very early stages.

Since working with asbestos has been shown to
increase one’s risk of getting cancer of the larynx,
asbestos workers should follow safety rules to avoid
inhaling asbestos fibers. Also, malnutrition and vitamin
deficiencies have been shown to have some association
with an increased incidence of head and neck cancers.
The American Cancer Society, therefore, recommends
eating a healthy diet, consisting of at least five servings
of fruits and vegetables every day, and six servings of
food from other plant sources such as cereals, breads,
grain products, rice, pasta and beans. Reducing one’s
intake of high-fat food from animal sources is advised.

Resources
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I Head injury
Definition

Injury to the head may damage the scalp, skull or
brain. The most important consequence of head trauma is
traumatic brain injury. Head injury may occur either as a
closed head injury, such as the head hitting a car’s wind-
shield, or as a penetrating head injury, as when a bullet
pierces the skull. Both may cause damage that ranges
from mild to profound. Very severe injury can be fatal
because of profound brain damage.

Description

External trauma to the head is capable of damaging
the brain, even if there is no external evidence of dam-
age. More serious injuries can cause skull fracture, blood
clots between the skull and the brain, or bruising and
tearing of the brain tissue itself.

Injuries to the head can be caused by traffic acci-
dents, sports injuries, falls, workplace accidents,
assaults, or bullets. Most people have had some type of
head injury at least once in their lives, but rarely do they
require a hospital visit.

However, each year about two million people suffer
from a more serious head injury, and up to 750,000 of
them are severe enough to require hospitalization. Brain
injury is most likely to occur in males between ages 15
and 24, usually as a result of car and motorcycle acci-
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dents. About 70% of all accidental deaths are due to
head injuries, as are most of the disabilities that occur
after trauma.

A person who has had a head injury and who is
experiencing the following symptoms should seek med-
ical care immediately:

» serious bleeding from the head or face
* loss of consciousness, however brief

» confusion and lethargy

* lack of pulse or breathing

» clear fluid drainage from the nose or ear

Causes and symptoms

A head injury may cause damage both from the
direct physical injury to the brain and from secondary
factors, such as lack of oxygen, brain swelling, and dis-
turbance of blood flow. Both closed and penetrating head
injuries can cause swirling movements throughout the
brain, tearing nerve fibers and causing widespread bleed-
ing or a blood clot in or around the brain. Swelling may
raise pressure within the skull (intracranial pressure) and
may block the flow of oxygen to the brain.

Head trauma may cause a concussion, in which
there is a brief loss of consciousness without visible
structural damage to the brain. In addition to loss of con-
sciousness, initial symptoms of brain injury may include:

» memory loss and confusion

* vomiting

» dizziness

» partial paralysis or numbness
* shock

* anxiety

After a head injury, there may be a period of
impaired consciousness followed by a period of confu-
sion and impaired memory with disorientation and a
breakdown in the ability to store and retrieve new infor-
mation. Others experience temporary amnesia following
head injury that begins with memory loss over a period
of weeks, months, or years before the injury (retrograde
amnesia). As the patient recovers, memory slowly
returns. Post-traumatic amnesia refers to loss of memory
for events during and after the accident.

Epilepsy occurs in 2-5% of those who have had a
head injury; it is much more common in people who
have had severe or penetrating injuries. Most cases of
epilepsy appear right after the accident or within the first
year, and become less likely with increased time follow-
ing the accident.
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Closed head injury

Closed head injury refers to brain injury without any
penetrating injury to the brain. It may be the result of a
direct blow to the head; of the moving head being rapidly
stopped, such as when a person’s head hits a windshield
in a car accident; or by the sudden deceleration of the
head without its striking another object. The kind of
injury the brain receives in a closed head injury is deter-
mined by whether or not the head was unrestrained upon
impact and the direction, force, and velocity of the blow.
If the head is resting on impact, the maximum damage
will be found at the impact site. A moving head will
cause a “contrecoup injury” where the brain damage
occurs on the side opposite the point of impact, as a
result of the brain slamming into that side of the skull. A
closed head injury also may occur without the head being
struck, such as when a person experiences whiplash.
This type of injury occurs because the brain is of a differ-
ent density than the skull, and can be injured when deli-
cate brain tissues hit against the rough, jagged inner sur-
face of the skull.

Penetrating head injury

If the skull is fractured, bone fragments may be dri-
ven into the brain. Any object that penetrates the skull
may implant foreign material and dirt into the brain,
leading to an infection.

Skull fracture

A skull fracture is a medical emergency that must be
treated promptly to prevent possible brain damage. Such
an injury may be obvious if blood or bone fragments are
visible, but it’s possible for a fracture to have occurred
without any apparent damage. A skull fracture should be
suspected if there is:

* blood or clear fluid leaking from nose or ears
* unequal pupil size
* bruises or discoloration around the eyes or behind the

€ars

« swelling or depression of the part of the head

Intracranial hemorrhage

Bleeding (hemorrhage) inside the skull may accom-
pany a head injury and cause additional damage to the
brain. A blood clot (hematoma) may occur if a blood ves-
sel between the skull and the brain ruptures; when the
blood leaks out and forms a clot, it can press against
brain tissue, causing symptoms from a few hours to a few
weeks after the injury. If the clot is located between the
bones of the skull and the covering of the brain (dura), it
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is called an epidural hematoma. If the clot is between the
dura and the brain tissue itself, the condition is called a
subdural hematoma. In other cases, bleeding may occur
deeper inside the brain. This condition is called intracere-
bral hemorrhage or intracerebral contusion (from the
word for bruising).

In any case, if the blood flow is not stopped, it can
lead to unconsciousness and death. The symptoms of
bleeding within the skull include:

* nausea and vomiting
« headache

« loss of consciousness
« unequal pupil size

* lethargy

Postconcussion syndrome

If the head injury is mild, there may be no symptoms
other than a slight headache, or there also may be confu-
sion, dizziness, and blurred vision. While the head injury
may seem to have been quite mild, in many cases symp-
toms persist for days or weeks. Up to 60% of patients
who sustain a mild brain injury continue to experience a
range of symptoms called “postconcussion syndrome,”
as long as six months or a year after the injury.

The symptoms of postconcussion syndrome can
result in a puzzling interplay of behavioral, cognitive,
and emotional complaints that can be difficult to diag-
nose, including:

« headache

* dizziness

« mental confusion
« behavior changes
» memory loss

* cognitive deficits
* depression

» emotional outbursts

Diagnosis

The extent of damage in a severe head injury can be
assessed with computed tomography scan (CT scan),
magnetic resonance imaging (MRI), positron emission
tomography (PET) scans, electroencephalograms
(EEG), and routine neurological and neuropsychological
evaluations.

Doctors use the Glasgow Coma Scale to evaluate
the extent of brain damage based on observing a patient’s
ability to open his or her eyes, respond verbally, and
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A three-dimensional computed tomography (CT) scan of a
human skull showing a depressed skull fracture above the
right eye. (Custom Medical Stock Photo. Reproduced by per-
mission.)

respond to stimulation by moving (motor response).
Patients can score from three to 15 points on this scale.
People who score below eight when they are admitted
usually have suffered a severe brain injury and will need
rehabilitative therapy as they recover. In general, higher
scores on the Glasgow Coma Scale indicate less severe
brain injury and a better prognosis for recovery.

Patients with a mild head injury who experience
symptoms are advised to seek out the care of a specialist;
unless a family physician is thoroughly familiar with
medical literature in this newly emerging area, experts
warn that there is a good chance that patient complaints
after a mild head injury will be downplayed or dismissed.
In the case of mild head injury or postconcussion syn-
drome, CT and MRI scans, electroencephalograms
(EEG), and routine neurological evaluations all may be
normal because the damage is so subtle. In many cases,
these tests can’t detect the microscopic damage that
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KEY TERMS

Computed tomography scan (CT)—A diagnostic
technique in which the combined use of a com-
puter and x rays produce clear cross-sectional
images of tissue. It provides clearer, more detailed
information than x rays alone.

Electroencephalogram (EEG)—A record of the
tiny electrical impulses produced by the brain’s
activity. By measuring characteristic wave pat-
terns, the EEG can help diagnose certain condi-
tions of the brain.

Magnetic resonance imaging (MRI)—A diagnostic
technique that provides high quality cross-section-
al images of organs within the body without x rays
or other radiation.

Positron emission tomography (PET) scan—A
computerized diagnostic technique that uses
radioactive substances to examine structures of
the body. When used to assess the brain, it pro-
duces a three-dimensional image that reflects the
metabolic and chemical activity of the brain.

occurs when fibers are stretched in a mild, diffuse injury.
In this type of injury, the axons lose some of their cover-
ing and become less efficient. This mild injury to the
white matter reduces the quality of communication
between different parts or the brain. A PET scan, which
evaluates cerebral blood flow and brain metabolism, may
be of help in diagnosing mild head injury, although this is
still largely considered to be an experimental procedure.

Patients with continuing symptoms after a mild head
injury should call a local chapter of a head-injury foun-
dation that can refer patients to the best nearby expert.

Treatment

If a concussion, bleeding inside the skull, or skull
fracture is suspected, the patient should be kept quiet in a
darkened room, with head and shoulders raised slightly
on pillow or blanket.

After initial emergency treatment, a team of special-
ists may be needed to evaluate and treat the problems
that result. A penetrating wound may require surgery.
Those with severe injuries or with a deteriorating level of
consciousness may be kept hospitalized for observation.
If there is bleeding inside the skull, the blood may need
to be surgically drained; if a clot has formed, it may need
to be removed. Severe skull fractures also require
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surgery. Supportive care and specific treatments may be
required if the patient experiences further complications.
People who experience seizures, for example, may be
given anticonvulsant drugs, and people who develop
fluid on the brain (hydrocephalus) may have a shunt
inserted to drain the fluid.

In the event of long-term disability as a result of
head injury, there are a variety of treatment programs
available, including long-term rehabilitation, coma
treatment centers, transitional living programs, behavior
management programs, life-long residential or day treat-
ment programs and independent living programs.

Prognosis

Prompt, proper diagnosis and treatment can help alle-
viate some of the problems after a head injury. However, it
is usually difficult to predict the outcome of a brain injury
in the first few hours or days; a patient’s prognosis may
not be known for many months or even years.

The outlook for someone with a minor head injury is
generally good, although recovery may be delayed and
symptoms such as headache, dizziness, and cognitive
problems can persist for up to a year or longer after an
accident. This can limit a person’s ability to work and
cause strain in personal relationships.

Serious head injuries can be devastating, producing
permanent mental and physical disability. Epileptic
seizures may occur after a severe head injury, especially a
penetrating brain injury, a severe skull fracture, or a seri-
ous brain hemorrhage. Recovery from a severe head injury
can be very slow, and it may take five years or longer to
heal completely. Risk factors associated with an increased
likelihood of memory problems or seizures after head
injury include age, length and depth of coma, duration of
post-traumatic and retrograde amnesia, presence of focal
brain injuries, and initial Glasgow Coma Scale score.

Prevention

Many severe head injuries could be prevented by
wearing protective helmets during certain sports, or
when riding a bike or motorcycle. Seat belts and airbags
can prevent many head injuries as a result of car acci-
dents. Appropriate protective headgear should always be
worn on the job where head injuries are a possibility.
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Head lice see Lice infestation
Head trauma see Head injury

I Headache
Definition

A headache involves pain in the head which can arise
from many disorders or may be a disorder in and of itself.

Description

There are three types of primary headaches: tension-
type (muscular contraction headache), migraine (vascu-
lar headaches), and cluster. Virtually everyone experi-
ences a tension-type headache at some point. An estimat-
ed 18% of American women suffer migraines, compared
to 6% of men. Cluster headaches affect fewer than 0.5%
of the population, and men account for approximately
80% of all cases. Headaches caused by illness are sec-
ondary headaches and are not included in these numbers.

Approximately 40—45 million people in the United
States suffer chronic headaches. Headaches have an
enormous impact on society due to missed workdays and
productivity losses.

Causes and symptoms

Traditional theories about headaches link tension-
type headaches to muscle contraction, and migraine and
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cluster headaches to blood vessel dilation (swelling).
Pain-sensitive structures in the head include blood vessel
walls, membranous coverings of the brain, and scalp and
neck muscles. Brain tissue itself has no sensitivity to
pain. Therefore, headaches may result from contraction
of the muscles of the scalp, face or neck; dilation of the
blood vessels in the head; or brain swelling that stretches
the brain’s coverings. Involvement of specific nerves of
the face and head may also cause characteristic
headaches. Sinus inflammation is a common cause of
headache. Keeping a headache diary may help link
headaches to stressful occurrences, menstrual phases,
food triggers, or medication.

Tension-type headaches are often brought on by
stress, overexertion, loud noise, and other external fac-
tors. The typical tension-type headache is described as a
tightening around the head and neck, and an accompany-
ing dull ache.

Migraines are intense throbbing headaches occur-
ring on one or both sides of the head. The pain is accom-
panied by other symptoms such as nausea, vomiting,
blurred vision, and aversion to light, sound, and move-
ment. Migraines are often triggered by food items, such
as red wine, chocolate, and aged cheeses. For women, a
hormonal connection is likely, since headaches occur at
specific points in the menstrual cycle, with use of oral
contraceptives, or the use of hormone replacement
therapy after menopause.

Cluster headaches cause excruciating pain. The
severe, stabbing pain centers around one eye, and eye
tearing and nasal congestion occur on the same side. The
headache lasts from 15 minutes to four hours and may
recur several times in a day. Heavy smokers are more
likely to suffer cluster headaches, which are also associ-
ated with alcohol consumption.

Diagnosis

Since headaches arise from many causes, a physical
exam assesses general health and a neurologic exam
evaluates the possibility of neurologic disease that is
causing the headache. If the headache is the primary ill-
ness, a doctor elicits a thorough history of the headache.
Questions revolve around its frequency and duration,
when it occurs, pain intensity and location, possible trig-
gers, and any prior symptoms. This information aids in
classifying the headache.

Warning signs that should point out the need for
prompt medical intervention include:

» ”Worst headache of my life.” This may indicate sub-
arachnoid hemorrhage from a ruptured aneurysm
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Headache

KEY TERMS

Abortive—Referring to treatment which relieves
symptoms of a disorder.

Analgesics—A class of pain-relieving medicines,
including aspirin and Tylenol.

Biofeedback—A technique in which a person is
taught to consciously control the body’s response
to a stimulus.

Chronic—Referring to a condition that occurs fre-
quently or continuously or on a regular basis.

Prophylactic—Referring to treatment which pre-
vents symptoms of a disorder from appearing.

Transcutaneous electrical nerve stimulation—A
method that electrically stimulates nerve and blocks
the transmission of pain signals, called TENS.

(swollen blood vessel) in the head or other neurological
emergency.

» Headache accompanied by one-sided weakness, numb-
ness, visual loss, speech difficulty, or other signs. This
may indicate a stroke. Migraines may include neuro-
logical symptoms.

» Headache that becomes worse over a period of 6
months, especially if most prominent in the morning or
if accompanied by neurological symptoms. This may
indicate a brain tumor.

* Sudden onset of headache. If accompanied by fever
and stiff neck, this can indicate meningitis.

Headache diagnosis may include neurological imag-
ing tests such as computed tomography scan (CT scan)
or magnetic resonance imaging (MRI).

Treatment

Headache treatment is divided into two forms:
abortive and prophylactic. Abortive treatment addresses a
headache in progress, and prophylactic treatment pre-
vents headache occurrence.

Tension-type and migraine headaches can be treated
with aspirin, acetaminophen, ibuprofen, or naproxen. In
early 1998, the FDA approved extra-strength Excedrin,
which includes caffeine, for mild to moderate migraines.
Prescription medications such as antidepressants and
muscle relaxants can address tension-type headaches,
and ergotamine tartrate or sumatriptan can relieve or pre-
vent migraines. Cluster headaches may also be treated
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with ergotamine and sumatriptan, as well as by inhaling
pure oxygen. Prophylactic treatments include prednisone,
calcium channel blockers, and methysergide.

Alternative treatment
Alternative headache treatments include:

* acupuncture or acupressure

* biofeedback

» chiropractic

 herbal remedies using feverfew (Chrysanthemum
parthenium), valerian (Valeriana officinalis), white wil-
low (Salix alba), or skullcap (Scutellaria lateriflora),
among others

» homeopathic remedies chosen specifically for the indi-
vidual and his/her type of headache

* hydrotherapy

* massage

* magnesium supplements

» regular physical exercise

» relaxation techniques, such as meditation and yoga

« transcutaneous electrical nerve stimulation (TENS).
(A test that electrically stimulates nerves and blocks the
signals of pain transmission)

Prognosis

Headaches are typically resolved through the use of
analgesics and other treatments.

Prevention

Some headaches may be prevented by avoiding trig-
gering substances and situations, or by employing alter-
native therapies, such as yoga and regular exercise. Since
food allergies are often linked with headaches, especial-
ly cluster headaches and migraines, identification and
elimination of the allergy-causing food(s) from the diet
can be an important preventive measure.

Resources

BOOKS

Rapoport, Alan M., and Fred D. Sheftell. Headache Disorders:
A Management Guide for Practitioners. Philadelphia: W.
B. Saunders Co., 1996.

PERIODICALS

Chaballa, Mark, and Karen J. Tietze. “Headache.” American
Druggist 213, no. 6 (1996): 42.

ORGANIZATIONS

American Council for Headache Education (ACHE). 19 Man-

tua Road, Mt. Royal, NJ 08061. (800) 255-2243. <http://
www.achenet.org>.
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National Headache Foundation. 428 W. St. James Place, Chicago,
IL 60614. (800) 843-2256. <http://www.headaches.org>.

Julia Barrett

I Hearing aids
Definition

A hearing aid is a device that can amplify sound
waves in order to help a deaf or hard-of-hearing person
hear sounds more clearly.

Purpose

Recent technology can help most people with hear-
ing loss understand speech better and achieve better
communication.

Precautions

It’s important that a person being fitted for a hearing
aid understand what an aid can and can’t do. An aid can
help a person hear better, but it won’t return hearing to
normal levels. Hearing aids boost all sounds, not just
those the person wishes to hear. Especially when the
source of sound is far away (such as up on a stage), envi-
ronmental noise can interfere with good speech percep-
tion. And while the aid amplifies sound, it doesn’t neces-
sarily improve the clarity of the sound. A hearing aid is a
machine, and can never duplicate the true sound that peo-
ple with normal hearing experience, but it will help the
person take advantage of the hearing that remains.

Description

More than 1,000 different models are available in
the United States. All of them include a microphone (to
pick up sound), amplifier (to boost sound strength), a
receiver or speaker (to deliver sound to the ear), and are
powered by a battery. Depending on the style, it’s possi-
ble to add features to filter or block out background
noise, minimize feedback, lower sound in noisy settings,
or boost power when needed.

Hearing aids are either “monaural” (a hearing aid for
one ear), or “binaural” (for two ears); more than 65% of
all users have binaural aids. Hearing aids are divided into
several different types:

« digital
« in-the-ear

« in-the-canal
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« behind-the-ear
* on-the-body

Digital aids are sophisticated, very expensive aids
that borrow computer technology to allow a person to
tailor an aid to a specific hearing loss pattern. Using
miniature computer chips, the aids can selectively boost
certain frequencies while leaving others alone. This
means a person could wear such an aid to a loud party,
and screen out unwanted background noise, while tuning
in on one-on-one conversations. The aid is programmed
by the dealer to conform to the patient’s specific hearing
loss. Some models can be programmed to allow the
wearer to choose different settings depending on the
noise of the environment.

In-the-ear aids are lightweight devices whose cus-
tom-made housings contain all the components; this
device fits into the ear canal with no visible wires or
tubes. It’s possible to control tone but not volume with
these aids, so they are helpful only for people with mild
hearing loss. Some people find these aids are easier to
put on and take off than behind-the-ear aids. However,
because they are custom-fit to a person’s ear, it is not
possible to try on before ordering. Some people find
them uncomfortable in hot weather.

In-the-canal aids fit far into the ear canal, with only a
small bit extending into the external ear. The smallest is
the MicroCanal, which fits out of sight down next to the
eardrum and is removed with a small transparent wire.
These are extremely expensive, but they are not visible,
offer better acoustics, and are easier to maintain. They can
more closely mimic natural sound because of the position
of the microphone; this position also cuts down on wind
noise. But their small size makes them harder to handle,
and their battery is especially small and difficult to insert.
Adjusting the volume may be hard, since a person must
stick a finger down into the ear to adjust volume, and this
very tiny aid doesn’t have the power of other, larger, aids.

Behind-the-ear aids include a microphone, amplifier
and receiver inside a small curved case worn behind the
ear; the case is connected to the earmold by a short plas-
tic tube. The earmold extends into the ear canal. Some
models have both tone and volume control, plus a tele-
phone pickup device. However, many users, think them
unattractive and out of date; and people who wear glass-
es find that the glasses interfere with the aid’s fit. Others
don’t have space behind the ear for the mold to fit com-
fortably. However, they do offer a few advantages.

Behind-the-ear aids:
« don’t require as much maintenance
« are easily interchangeable if they need to be serviced

« are more powerful

1525

spie Sulieay



Hearing aids

Ear mold
Connecting tube

Ear hook

On/off switch

Microphone

Volume control
Battery compartment

BEHIND-THE-EAR HEARING AID

On/off switch and
volume control

Sound tube

Battery
compartment

Microphone

IN-THE-EAR HEARING AID

Hearing aids are devices that can amplify sound waves to help a deaf or hard-of-hearing person hear sounds more clearly.

(lllustration by Electronic lllustrators Group.)

» are easier to handle than smaller aids
» can provide better sound quality
» tend to be more reliable

Eyeglass models are the same as behind-the-ear
devices, except that the case fits into an eyeglass frame
instead of resting behind the ears. Not many people

buy this type of aid, but those who do believe it’s less

obvious, although there is a tube that travels from the

temple of the glasses to the earmold. But it can be hard
to fit this type of aid, and repairs can be problematic.
Also, if the aid breaks, the person also loses the benefit

of the glasses.

CROS or the crossover system type of hearing aid is
often used in conjunction with the eyeglass model. The
CROS (contralateral routing of signal) system features a

microphone behind the ear that feeds the amplified signal
to the better ear, eliminating “head shadow,” which

occurs when the head blocks sound from the better ear.
This type may help make speech easier to understand for
people with a high-frequency loss in both ears.

A BI-CROS system uses two microphones (one
above each ear) that send signals to a single amplifier.
Sound then travels to a single receiver, which transfers it
to the better ear via a conventional earmold.

On-the-body aids feature a larger microphone,
amplifier, and power supply inside a case carried inside
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the pocket, or attached to clothing. The receiver attaches
directly to the earmold; its power comes through a flexi-
ble wire from the amplifier. Although larger than other
aids, the on-the-body aids are more powerful and easier
to adjust than other devices. While not popular for every-
one, they are often used by those with a profound hearing
loss, or by very young children. Some people who are
almost totally deaf find they need the extra power boost
available only from a body aid.

The latest aids on the market may eliminate the
amplifier and speaker in favor of a tiny magnet mounted
on a silicone disk, similar to a contact lens, which rests
right on the eardrum. Called the Earlens, it is designed to
be held in place by a thin film of oil. Users wear a wire-
less microphone, either in the ear or on a necklace, that
picks up sounds and converts them into magnetic signals,
making the magnet vibrate. As the Earlens vibrates, so
does the eardrum, transmitting normal-sounding tones to
the middle and inner ears.

Other researchers are bypassing the middle ear
completely; they surgically implant a tiny magnet in
the inner ear. By attaching a magnet to the round win-
dow, they open a second pathway to the inner ear. An
electromagnetic coil implanted in bone behind the ear
vibrates the implanted magnet. Unlike the Earlens,
this magnetic implant would not block the normal
hearing pathway.
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Preparation

The fist step in getting a hearing aid is to have a
medical exam and a hearing evaluation. (Most states pro-
hibit anyone selling a hearing aid until the patient has
been examined by a physician to rule out medical prob-
lems.) After performing a hearing evaluation, an audiolo-
gist should be able to determine whether a hearing aid
will help, and which one will do the most good. This is
especially important because aids can be very expensive
(between $500 and $4,000), and are often not covered by
health insurance. Hearing aids come in a wide range of
styles and types, requiring careful testing to make sure
the aid is the best choice for a particular hearing loss.

Some audiologists sell aids; others can make a rec-
ommendation, or give one a list of competent dealers in
one’s area. Patients should shop around and compare
prices. In all but three states, hearing aids must be fitted
and sold only by licensed specialists called dealers, spe-
cialists, dispensers, or dispensing audiologists.

The hearing aid dealer will make an impression of
the consumer’s ears using a putty-like material, from
which a personalized earmold will be created. It’s the
dealer’s job to make sure the aid fits properly. The person
may need several visits to find the right hearing aid and
learn how to use it. The dealer will help the consumer
learn how to put the aid on, adjust the controls, and main-
tain the device. The dealer should be willing to service
the aid and provide information about what to do if sensi-
tivity to the earmold develops. (Some people are allergic
to the materials in the mold.)

Aftercare

Within several weeks, the wearer should return to
the dealer to have the aid checked, and to discuss the
progress in wearing the aid. About 40% of all aids need
some modification or adjustment in the beginning.

Within the first month of getting an aid, the patient
should make an appointment for a full hearing examina-
tion to determine if the aid is functioning properly.

Risks

While there are no medical risks to hearing aids,
there is a risk associated with hearing aids: many people
end up not wearing their aids because they say every-
thing seems loud when wearing them. This is because
they have lived for so long with a hearing problem that
they have forgotten how loud “normal” sound can be.
Other potential problems with hearing aids include ear-
mold discomfort, and a build up of excess ear wax after
getting a hearing aid.

GALE ENCYCLOPEDIA OF MEDICINE 2

KEY TERMS

Audiologist—A person with a degree and/or certi-
fication in the areas of identification and measure-
ment of hearing impairments and rehabilitation of
those with hearing problems.

spie Sulieay

Eardrum—A paper-thin covering stretching across
the ear canal that separates the middle and outer
ears.

Middle ear—The small cavity between the eardrum
and the oval window that houses the three tiny
bones of hearing.

Oval window—A tiny opening at the entrance to
the inner ear.

Normal results

A hearing aid will boost the loudness of sound, which
can improve a person’s ability to understand speech.

Resources

BOOKS

Carmen, Richard. The Consumer Handbook on Hearing Loss
and Hearing Aids. New York: Auricle Ink Publishers,
1997.

Turkington, Carol A. The Hearing Loss Sourcebook. New
York: Penguin, 1997.

PERIODICALS

Dickinson, Ben. “30/40/50: Listen Up While You Still Can.”
Esquire (1 Jan. 1998, 101).

Young, Leslie A. “Sonic Boomers: Clinton’s Hearing Aid
Catches His Generation’s Ear.” Rocky Mountain News (14
Oct. 1997): 3D.

ORGANIZATIONS

American Academy of Otolaryngology-Head and Neck
Surgery, Inc. One Prince St., Alexandria VA 22314-3357.
(703) 836-4444. <http://www.entnet.org>.

Better Hearing Institute. 515 King Street, Suite 420, Alexan-
dria, VA 22314. (703) 684-3391.

Hear Now. 9745 E. Hampden Ave., Ste. 300, Denver, CO
80231. (800) 648-HEAR. (202) 651-5258.

Hearing Industries Association. 1800 M St. NW, Washington,
DC 20036. (202) 651-5258.

National Hearing Aid Society. 20361 Middlebelt, Livonia, MI
48152. (800) 521-5247 or (313) 478-2610.

National Information Center on Deaftness. Gallaudet College,
800 Florida Ave. NE, Washington, DC 20002. (202) 651-
5051; (202) 651-5052 (TDD).

Carol A. Turkington
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Hearing loss

I Hearing loss
Definition

Hearing loss is any degree of impairment of the abil-
ity to apprehend sound.

Description

Sound can be measured accurately. The term decibel
(dB) refers to an amount of energy moving sound from its
source to our ears or to a microphone. A drop of more than
10 dB in the level of sound a person can hear is significant.

Sound travels through a medium like air or water as
waves of compression and rarefaction. These waves are
collected by the external ear and cause the tympanic mem-
brane (ear drum) to vibrate. The chain of ossicles connect-
ed to the ear drum—the incus, malleus, and stapes—car-
ries the vibration to the oval window, increasing its ampli-
tude 20 times on the way. There the energy causes a stand-
ing wave in the watery liquid (endolymph) inside the
Organ of Corti. (A standing wave is one that does not
move. A vibrating cup of coffee will demonstrate standing
waves.) The configuration of the standing wave is deter-
mined by the frequency of the sound. Many thousands of
tiny nerve fibers detect the highs and lows of the standing
wave and transmit their findings to the brain, which inter-
prets the signals as sound.

To summarize, sound energy passes through the air
of the external ear, the bones of the middle ear and the
liquid of the inner ear. It is then translated into nerve
impulses, sent to the brain through nerves and under-
stood there as sound. It follows that there are five steps in
the hearing process:

« air conduction through the external ear to the ear drum
* bone conduction through the middle ear to the inner ear
« water conduction to the Organ of Corti

* nerve conduction into the brain

* interpretation by the brain

Hearing can be interrupted in several ways at each of
the five steps.

The external ear canal can be blocked with ear wax,
foreign objects, infection, and tumors. Overgrowth of
the bone, a condition that occurs when the ear canal has
been flushed with cold water repeatedly for years, can
also narrow the passageway, making blockage and infec-
tion more likely. This condition occurs often in Northern
Californian surfers and is therefore called “surfer’s ear.”

The ear drum is so thin a physician can see through
it into the middle ear. Sharp objects, pressure from an
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infection in the middle ear, even a firm cuffing or slap-
ping of the ear, can rupture it. It is also susceptible to
pressure changes during scuba diving.

Several conditions can diminish the mobility of the
ossicles (small bones) in the middle ear. Otitis media (an
infection in the middle ear) occurs when fluid cannot
escape into the throat because of blockage of the
eustachian tube. The fluid that accumulates, whether it
be pus or just mucus and dampens the motion of the ossi-
cles. A disease called otosclerosis can bind the stapes in
the oval window and thereby cause deafness.

All the conditions mentioned so far, those that occur
in the external and middle ear, are causes of conductive
hearing loss. The second category, sensory hearing loss,
refers to damage to the Organ of Corti and the acoustic
nerve. Prolonged exposure to loud noise is the leading
cause of sensory hearing loss. A million people have this
condition, many identified during the military draft and
rejected as being unfit for duty. The cause is often
believed to be prolonged exposure to rock music. Occu-
pational noise exposure is the other leading cause of
noise induced hearing loss (NIHL) and is ample reason
for wearing ear protection on the job. A third of people
over 65 have presbycusis—sensory hearing loss due to
aging. Both NIHL and presbycusis are primarily high
frequency losses. In most languages, it is the high fre-
quency sounds that define speech, so these people hear
plenty of noise, they just cannot easily make out what it
means. They have particular trouble selecting out speech
from background noise. Brain infections like meningi-
tis, drugs such as the aminoglycoside antibiotics (strep-
tomycin, gentamycin, kanamycin, tobramycin), and
Meniere’s disease also cause permanent sensory hear-
ing loss. Meniere’s disease combines attacks of hearing
loss with attacks of vertigo. The symptoms may occur
together or separately. High doses of salicylates like
aspirin and quinine can cause a temporary high-fre-
quency loss. Prolonged high doses can lead to perma-
nent deafness. There is an hereditary form of sensory
deafness and a congenital form most often caused by
rubella (German measles).

Sudden hearing loss—at least 30dB in less than
three days—is most commonly caused by cochleitis, a
mysterious viral infection.

The final category of hearing loss is neural. Damage
to the acoustic nerve and the parts of the brain that per-
form hearing are the most likely to produce permanent
hearing loss. Strokes, multiple sclerosis, and acoustic
neuromas are all possible causes of neural hearing loss.

Hearing can also be diminished by extra sounds gen-
erated by the ear, most of them from the same kinds of
disorders that cause diminished hearing. These sounds are
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An Oto-Acoustic Emission (OAE) hearing test being perfomred on a newborn baby. The probe emits harmless sound into the
baby’s ear, and the response of the inner ear is detected and registered on a computer. Early diagnosis of a hearing disorder
is important in young children, who may experience difficulties in speech and language development. (Photograph by James

King-Holmes, Photo Researchers, Inc. Reproduced by permission.)

referred to as tinnitus and can be ringing, blowing, click-
ing, or anything else that no one but the patient hears.

Diagnosis

An examination of the ears and nose combined with
simple hearing tests done in the physician’s office can
detect many common causes of hearing loss. An audio-
gram often concludes the evaluation, since these simple
means often produce a diagnosis. If the defect is in the
brain or the acoustic nerve, further neurological testing
and imaging will be required.

The audiogram has many uses in diagnosing hearing
deficits. The pattern of hearing loss across the audible fre-
quencies gives clues to the cause. Several alterations in the
testing procedure can give additional information. For
example, speech is perceived differently than pure tones.
Adequate perception of sound combined with inability to
recognize words points to a brain problem rather than a
sensory or conductive deficit. Loudness perception is dis-
torted by disease in certain areas but not in others. Acoustic
neuromas often distort the perception of loudness.
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Treatment

Conductive hearing loss can almost always be
restored to some degree, if not completely.

« matter in the ear canal can be easily removed with a
dramatic improvement in hearing.

« surfer’s ear gradually regresses if cold water is avoided
or a special ear plug is used. In advanced cases, sur-
geons can grind away the excess bone.

 middle ear infection with fluid is also simple to treat. If
medications do not work, surgical drainage of the ear is
accomplished through the ear drum, which heals com-
pletely after treatment.

« traumatically damaged ear drums can be repaired with
a tiny skin graft.
« surgical repair of otosclerosis through an operating

microscope is one of the most intricate of procedures,
substituting tiny artificial parts for the original ossicles.

Sensory and neural hearing loss, on the other hand,
cannot readily be cured. Fortunately it is not often com-
plete, so that hearing aids can fill the deficit.
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Hearing loss

KEY TERMS

Decibel—A unit of the intensity of sound, a mea-
sure of loudness.

Meniere’s disease—The combination of vertigo
and decreased hearing caused by abnormalities in
the inner ear.

Multiple sclerosis—A progressive disease of brain
and nerve tissue.

Otosclerosis—A disease that scars and limits the
motion of the small conducting bones in the mid-
dle ear.

Stroke—Sudden loss of blood supply to part of the
brain.

In-the-ear hearing aids can boost the volume of
sound by up to 70 dB. (Normal speech is about 60 dB.)
Federal law now requires that they be dispensed only
upon a physician’s prescription. For complete conduction
hearing loss there are now available bone conduction
hearing aids and even devices that can be surgically
implanted in the cochlea.

Tinnitus can sometimes be relieved by adding white
noise (like the sound of wind or waves crashing on the
shore) to the environment.

Decreased hearing is such a common problem that
there are legions of organizations to provide assistance.
Special language training, both in lip reading and sign-
ing, special schools and special camps for children are all
available in most regions of the United States.

Alternative treatment

Conductive hearing loss can be treated with alterna-
tive therapies that are specific to the particular condition.
Sensory hearing loss may be helped by homeopathic
therapies. Oral supplementation with essential fatty acids
such as flax oil and omega 3 oil can help alleviate the
accumulation of wax in the ear.

Prevention

Prompt treatment and attentive follow-up of middle
ear infections in children will prevent this cause of con-
ductive hearing loss. Control of infectious childhood
diseases such as measles has greatly reduced sensory
hearing loss as a complication of epidemic diseases.
Laws that require protection from loud noise in the
workplace have achieved substantial reduction in noise
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induced hearing loss. Surfers should use the right kind
of ear plugs.
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Hearing test with an audiometer see
Audiometry

I Hearing tests with a tuning
fork

Definition

A tuning fork is a metal instrument with a handle
and two prongs or tines. Tuning forks, made of steel, alu-
minum, or magnesium-alloy will vibrate at a set frequen-
cy to produce a musical tone when struck. The vibrations
produced can be used to assess a person’s ability to hear
various sound frequencies.

Purpose

A vibrating tuning fork held next to the ear or placed
against the skull will stimulate the inner ear to vibrate,
and can help determine if there is hearing loss.

Precautions

No special precautions are necessary when tuning
forks are used to conduct a hearing test.

Description

Two types of hearing tests with tuning forks are typi-
cally conducted. In the Rinne test, the vibrating tuning
fork is held against the skull, usually on the bone behind
the ear (mastoid process) to cause vibrations through the
bones of the skull and inner ear. It is also held next to, but
not touching, the ear, to cause vibrations in the air next to
the ear. The patient is asked to determine which sound is
louder, the sound heard through the bone or through the
air. A second hearing test using a tuning fork is the
Weber test. For this test, the stem or handle of the vibrat-
ing tuning fork is placed at various points along the mid-
line of the skull and face. The patient is then asked to
identify which ear hears the sound created by the vibra-
tions. Tuning forks of different sizes produce different
frequencies of vibrations and can be used to establish the
range of hearing for an individual patient.

Preparation

No special preparation is required for a hearing test
with tuning forks.

Aftercare

No special aftercare is required. If hearing loss is
revealed during testing with tuning forks, the patient may
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KEY TERMS

Mastoid process—The protrusions of bone behind
the ears at the base of the skull.

Rinne test—A hearing test using a vibrating tuning
fork which is held near the ear and held at the
back of the skull.

Weber test—A hearing test using a vibrating tun-
ing fork which is held at various points along the
midline of the skull and face.

require further testing to determine the extent of the hear-
ing loss.

Risks

There are no risks associated with the use of tuning
forks to screen for hearing loss.

Normal results

With the Rinne test, a person will hear the tone of
the vibration longer and louder when the tuning fork is
held next to the ear, rather than when it is held against the
mastoid bone. For the Weber test, the tone produced
when the tuning fork is placed along the center of the
skull, or face, sounds about the same volume in each ear.

Abnormal results

The Rinne test detects a hearing loss when a patient
hears a louder and longer tone when the vibrating tuning
fork is held against the mastoid bone than when it is held
next to the ear. The volume of sound vibrations conduct-
ed through parts of the skull and face in the Weber test
can indicate which ear may have a hearing loss.

Resources

BOOKS

“Clinical Evaluation of Complaints Referable to the Ears.” In
The Merck Manual. 16th ed. Ed. Robert Berkow. Rahway,
NJ: Merck & Co. Inc., 1992.

Stedman’s Medical Dictionary. 26th ed. Ed. Marjory Spraycar.
Baltimore: Williams & Wilkins, 1995.

PERIODICALS

Abdulrazzak, A. “Office Screening for Age-Related Hearing
and Vision Loss.” Geriatrics 52, no. 6 (June 1997): 45-57.

ORGANIZATIONS

American Academy of Otolaryngology-Head and Neck
Surgery, Inc. One Prince St., Alexandria VA 22314-3357.
(703) 836-4444. <http://www.entnet.org>.
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Ear Foundation. 1817 Patterson St., Nashville, TN 37203.
(800) 545-4327. <http://www.earfoundation.org>.

Altha Roberts Edgren

Heart arrest see Sudden cardiac death
Heart arrhythmias see Arrhythmias

I Heart attack
Definition

A heart attack is the death of, or damage to, part of
the heart muscle because the supply of blood to the heart
muscle is severely reduced or stopped.

Description

Heart attack is the leading cause of death in the
United States. More than 1.5 million Americans suffer a
heart attack every year, and almost half a million die,
according to the American Heart Association. Most heart
attacks are the end result of years of silent but progres-
sive coronary artery disease, which can be prevented in
many people. A heart attack is often the first symptom of
coronary artery disease. According to the American
Heart Association, 63% of women and 48% of men who
died suddenly of coronary artery disease had no previous
symptoms. Heart attacks are also called myocardial
infarctions (MIs).

A heart attack occurs when one or more of the coro-
nary arteries that supply blood to the heart are complete-
ly blocked and blood to the heart muscle is cut off. The
blockage is usually caused by atherosclerosis, the build-
up of plaque in the artery walls, and/or by a blood clot in
a coronary artery. Sometimes, a healthy or atherosclerot-
ic coronary artery has a spasm and the blood flow to part
of the heart decreases or stops. Why this happens is
unclear, but it can result in a heart attack.

About half of all heart attack victims wait at least
two hours before seeking help. This increases their
chance of sudden death or being disabled. The longer
the artery remains blocked during a heart attack, the
more damage will be done to the heart. If the blood
supply is cut off severely or for a long time, muscle
cells suffer irreversible injury and die. The patient
can die. That is why it is important to recognize the
signs of a heart attack and seek prompt medical atten-
tion at the nearest hospital with 24-hour emergency
cardiac care.
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About one fifth of all heart attacks are silent, that is,
the victim does not know one has occurred. Although the
victim feels no pain, silent heart attacks can still damage
the heart.

The outcome of a heart attack also depends on
where the blockage is, whether the heart rhythm is dis-
turbed, and whether another coronary artery supplies
blood to that part of the heart. Blockages in the left coro-
nary artery are usually more serious than in the right
coronary artery. Blockages that cause an arrhythmia, an
irregular heartbeat, can cause sudden death.

Causes and symptoms

Heart attacks are generally caused by severe coro-
nary artery disease. Most heart attacks are caused by
blood clots that form on atherosclerotic plaque. This
blocks a coronary artery from supplying oxygen-rich
blood to part of the heart. A number of major and con-
tributing risk factors increase the risk of developing coro-
nary artery disease. Some of these can be changed and
some cannot. People with more risk factors are more
likely to develop coronary artery disease.

Major risk factors

Mayjor risk factors significantly increase the risk of
coronary artery disease. Those which cannot be changed
are:

* Heredity. People whose parents have coronary artery
disease are more likely to develop it. African Ameri-
cans are also at increased risk, due to their higher rate
of severe hypertension than whites.

Sex. Men under the age of 60 years of age are more like-
ly to have heart attacks than women of the same age.

Age. Men over the age of 45 and women over the age
of 55 are considered at risk. Older people (those over
65) are more likely to die of a heart attack. Older
women are twice as likely to die within a few weeks of
a heart attack as a man. This may be because of their
other co-existing medical problems.

Major risk factors which can be changed are:

Smoking. Smoking greatly increases both the chance
of developing coronary artery disease and the change of
dying from it. Smokers have two to four times the risk
of non-smokers of sudden cardiac death and are more
than twice as likely to have a heart attack. They are also
more likely to die within an hour of a heart attack. Sec-
ond-hand smoke may also increase risk.

High cholesterol. Cholesterol is a soft, waxy substance
that is produced by the body, as well as obtained from
eating foods such as meat, eggs, and other animal prod-
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ucts. Cholesterol level is affected by age, sex, heredity,
and diet. Risk of developing coronary artery disease
increases as blood cholesterol levels increase. When
combined with other factors, the risk is even greater.
Total cholesterol of 240 mg/dL and over poses a high
risk, and 200-239 mg/dL a borderline high risk. In
LDL cholesterol, high risk starts at 130-159 mg/dL,
depending on other risk factors. HDL (healthy choles-
terol) can lower or raise the coronary risk also.

High blood pressure. High blood pressure makes the
heart work harder, and over time, weakens it. It increas-
es the risk of heart attack, stroke, kidney failure, and
congestive heart failure. A blood pressure of 140 over
90 or above is considered high. As the numbers
increase, high blood pressure goes from Stage 1 (mild)
to Stage 4 (very severe). When combined with obesity,
smoking, high cholesterol, or diabetes, the risk of heart
attack or stroke increases several times.

» Lack of physical activity. This increases the risk of
coronary artery disease. Even modest physical activity
is beneficial if done regularly.

Contributing risk factors

Contributing risk factors have been linked to coro-
nary artery disease, but their significance and prevalence
are not known yet. Contributing risk factors are:

« Diabetes mellitus. The risk of developing coronary
artery disease is seriously increased for diabetics. More
than 80% of diabetics die of some type of heart or
blood vessel disease.

« Obesity. Excess weight increases the strain on the heart
and increases the risk of developing coronary artery
disease, even if no other risk factors are present. Obesi-
ty increases both blood pressure and blood cholesterol,
and can lead to diabetes.

« Stress and anger. Some scientists believe that stress and
anger can contribute to the development of coronary
artery disease. Stress, the mental and physical reaction
to life’s irritations and challenges, increases the heart
rate and blood pressure, and can injure the lining of the
arteries. Evidence shows that anger increases the risk of
dying from heart disease and more than doubles the risk
of having a heart attack right after an episode of anger.

More than 60% of heart attack victims experience
symptoms before the heart attack occurs. These sometimes
occur days or weeks before the heart attack. Sometimes,
people do not recognize the symptoms of a heart attack or
are in denial that they are having one. Symptoms are:

» Uncomfortable pressure, fullness, squeezing, or pain in
the center of the chest. This lasts more than a few min-
utes, or may go away and return.
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« Pain that spreads to the shoulders, neck, or arms.

* Chest discomfort accompanied by lightheadedness,
fainting, sweating, nausea, or shortness of breath.

All of these symptoms do not occur with every heart
attack. Sometimes, symptoms disappear and then reap-
pear. A person with any of these symptoms should imme-
diately call an emergency rescue service or be driven to
the nearest hospital with a 24-hour cardiac care unit,
whichever is quicker.

Diagnosis

Experienced emergency care personnel can usually
diagnose a heart attack simply by looking at the patient.
To confirm this diagnosis, they talk with the patient,
check heart rate and blood pressure, perform an electro-
cardiogram, and take a blood sample. The electrocardio-
gram shows which coronary artery is blocked. Electrodes
covered with conducting jelly are placed on the patient’s
chest, arms, and legs. They send impulses of the heart’s
activity through an oscilloscope (a monitor) to a
recorder, which traces them on paper. The blood test
shows the leak of enzymes or other biochemical markers
from damaged cells in the heart muscle.

Treatment

Heart attacks are treated with cardiopulmonary
resuscitation (CPR) when necessary to start and keep the
patient breathing and his heart beating. Additional treat-
ment can include close monitoring, electric shock, drug
therapy, re-vascularization procedures, percutaneous
transluminal coronary angioplasty and coronary artery
bypass surgery. Upon arrival at the hospital, the patient is
closely monitored. An electrical-shock device, a defibril-
lator, may be used to restore a normal rhythm if the heart-
beat is fluttering uncontrollably. Oxygen is often used to
ease the heart’s workload or to help victims of severe
heart attack breath easier. If oxygen is used within hours
of the heart attack, it may help limit damage to the heart.

Drugs to stabilize the patient and limit damage to the
heart include thrombolytics, aspirin, anticoagulants,
painkillers and tranquilizers, beta-blockers, ace-
inhibitors, nitrates, thythm-stabilizing drugs, and diuret-
ics. Drugs that limit damage to the heart work only if
given within a few hours of the heart attack. Thrombolyt-
ic drugs that break up blood clots and enable oxygen-rich
blood to flow through the blocked artery increase the
patient’s chance of survival if given as soon as possible
after the heart attack. Thrombolytics given within a few
hours after a heart attack are the most effective. Injected
intravenously, these include anisoylated plasminogen
streptokinase activator complex (APSAC) or anistreplase
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(Eminase), recombinant tissue-type plasminogen activa-
tor (r-tPA, Retevase, or Activase), and streptokinase
(Streptase, Kabikinase).

To prevent additional heart attacks, aspirin and an
anticoagulant drug often follow the thrombolytic drug.
These prevent new blood clots from forming and existing
blood clots from growing. Anticoagulant drugs help pre-
vent the blood from clotting. The most common antico-
agulants are heparin and warfarin. Heparin is given intra-
venously while the patient is in the hospital; warfarin,
taken orally, is often given later. Aspirin helps to prevent
the dissolved blood clots from reforming.

To relieve pain, a nitroglycerine tablet taken under
the tongue may be given. If the pain continues, morphine
sulfate may be prescribed. Tranquilizers such as
diazepam (Valium) and alprazolam (Ativan) may be pre-
scribed to lessen the trauma of a heart attack.

To slow down the heart rate and give the heart a
chance to heal, beta-blockers are often given intra-
venously right after the heart attack. These can also help
prevent the sometimes fatal ventricular fibrillation.
Beta-blockers include atenolol (Tenormin), metoprolol
(Lopressor), nadolol, pindolol (Visken), propranolol
(Inderal), and timolol (Blocadren).

Nitrates, a type of vasodilator, are also given right
after a heart attack to help improve the delivery of blood
to the heart and ease heart failure symptoms. Nitrates
include isosorbide mononitrate (Imdur), isosorbide dini-
trate (Isordil, Sorbitrate), and nitroglycerin (Nitrostat).

When a heart attack causes an abnormal heartbeat,
arrhythmia drugs may be given to restore the heart’s nor-
mal rhythm. These include: amiodarone (Cordarone),
atropine, bretylium, disopyramide (Norpace), lidocaine
(Xylocaine), procainamide (Procan), propafenone (Ryth-
mol), propranolol (Inderal), quinidine, and sotalol (Beta-
pace). Angiotensin-converting enzyme (ACE) inhibitors
reduce the resistance against which the heart beats and
are used to manage and prevent heart failure. They are
used to treat heart attack patients whose hearts do not
pump well or who have symptoms of heart failure. Taken
orally, they include Altace, Capoten, Lotensin, Monopril,
Prinivil, Vasotec, and Zestril. Angiotensin receptor
blockers, such as losartan (Cozaar) may substitute.
Diuretics can help get rid of excess fluids that sometimes
accumulate when the heart is not pumping effectively.
Usually taken orally, they cause the body to dispose of
fluids through urination. Common diuretics include:
bumetanide (Bumex), chlorthalidone (Hygroton),
chlorothiazide (Diuril), furosemide (Lasix),
hydrochlorothiazide (HydroDIRUIL, Esidrix), spirono-
lactone (Aldactone), and triamterene (Dyrenium).
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Percutaneous transluminal coronary angioplasty and
coronary artery bypass surgery are invasive revascular-
ization procedures which open blocked coronary arteries
and improve blood flow. They are usually performed
only on patients for whom clot-dissolving drugs do not
work, or who have poor exercise stress tests, poor left
ventricular function, or ischemia. Generally, angioplasty
is performed before coronary artery bypass surgery.

Percutaneous transluminal coronary angioplasty,
usually called coronary angioplasty, is a non-surgical
procedure in which a catheter (a tiny plastic tube) tipped
with a balloon is threaded from a blood vessel in the
thigh or arm into the blocked artery. The balloon is inflat-
ed and compresses the plaque to enlarge the blood vessel
and open the blocked artery. The balloon is then deflated
and the catheter is removed. Coronary angioplasty is per-
formed by a cardiologist in a hospital and generally
requires a two-day stay. It is successful about 90% of the
time. For one third of patients, the artery narrows again
within six months after the procedure. The procedure can
be repeated. It is less invasive and less expensive than
coronary artery bypass surgery.

In coronary artery bypass surgery, called bypass
surgery, a detour is built around the coronary artery
blockage with a healthy leg or chest wall artery or vein.
The healthy vein then supplies oxygen-rich blood to the
heart. Bypass surgery is major surgery appropriate for
patients with blockages in two or three major coronary
arteries or severely narrowed left main coronary arteries,
as well as those who have not responded to other treat-
ments. It is performed in a hospital under general anes-
thesia using a heart-lung machine to support the patient
while the healthy vein is attached to the coronary artery.
About 70% of patients who have bypass surgery experi-
ence full relief from angina; about 20% experience par-
tial relief. Long term, symptoms recur in only about three
or four percent of patients per year. Five years after
bypass surgery, survival expectancy is 90%, at 10 years it
is about 80%, at 15 years it is about 55%, and at 20 years
it is about 40%.

There are three experimental surgical procedures for
unblocking coronary arteries which are currently being
studied: atherectomy, where the surgeon shaves off and
removes strips of plaque from the blocked artery; laser
angioplasty, where a catheter with a laser tip is inserted
to burn or break down the plaque; and insertion of a
metal coil called a stent that can be implanted perma-
nently to keep a blocked artery open.

Prognosis
The aftermath of a heart attack is often severe. Two-

thirds of heart attack patients never recover fully. Within

GALE ENCYCLOPEDIA OF MEDICINE 2



one year, 27% of men and 44% of women die. Within six
years, 23% of men and 31% of women have another
heart attack, 13% of men and 6% of women experience
sudden death, and about 20% have heart failure. People
who survive a heart attack have a chance of sudden death
that is four to six times greater than others and a chance
of illness and death that is two to nine times greater.
Older women are more likely than men to die within a
few weeks of a heart attack.

Prevention

Many heart attacks can be prevented through a
healthy lifestyle, which can reduce the risk of developing
coronary artery disease. For patients who have already
had a heart attack, a healthy lifestyle and carefully fol-
lowing doctor’s orders can prevent another heart attack.
A heart healthy lifestyle includes eating right, regular
exercise, maintaining a healthy weight, no smoking,
moderate drinking, no illegal drugs, controlling hyper-
tension, and managing stress.

A healthy diet includes a variety of foods that are
low in fat (especially saturated fat), low in cholesterol,
and high in fiber; plenty of fruits and vegetables; and
limited sodium. Some foods are low in fat but high in
cholesterol, and some are low in cholesterol but high in
fat. Saturated fat raises cholesterol, and, in excessive
amounts, it increases the amount of the proteins in blood
that form blood clots. Polyunsaturated and monounsatu-
rated fats are relatively good for the heart. Fat should
comprise no more than 30 percent of total daily calories.

Cholesterol, a waxy, lipid-like substance, comes
from eating foods such as meat, eggs, and other animal
products. It is also produced in the liver. Soluble fiber
can help lower cholesterol. Cholesterol should be limited
to about 300 mg per day. Many popular lipid-lowering
drugs can reduce LDL-cholesterol by an average of
25-30% when combined with a low-fat, low-cholesterol
diet. Fruits and vegetables are rich in fiber, vitamins, and
minerals. They are also low calorie and nearly fat free.
Vitamin C and beta-carotene, found in many fruits and
vegetables, keep LDL-cholesterol from turning into a
form that damages coronary arteries. Excess sodium can
increase the risk of high blood pressure. Many processed
foods contain large amounts of sodium. Limit daily
intake to about 2,400 mg—about the amount in a tea-
spoon of salt.

The “Food Guide” Pyramid developed by the U.S.
Departments of Agriculture and Health and Human Ser-
vices provides easy to follow guidelines for daily heart-
healthy eating: six to 11 servings of bread, cereal, rice,
and pasta; three to five servings of vegetables; two to
four servings of fruit; two to three servings of milk,
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KEY TERMS

Angina—Chest pain that happens when diseased
blood vessels restrict the flow of blood to the
heart. Angina is often the first symptom of coro-
nary artery disease.

Atherosclerosis—A process in which the walls of
the coronary arteries thicken due to the accumula-
tion of plaque in the blood vessels. Atherosclerosis
is the cause of coronary artery disease.

Coronary arteries—The two arteries that provide
blood to the heart. The coronary arteries surround
the heart like a crown, coming out of the aorta,
arching down over the top of the heart, and divid-
ing into two branches. These are the arteries where
coronary artery disease occurs.

Myocardial infarction—The technical term for heart
attack. Myocardial means heart muscle and infarc-
tion means death of tissue from lack of oxygen.

Plaque—A deposit of fatty and other substances
that accumulate in the lining of the artery wall.

yogurt, and cheese; and 2—3 servings of meat, poultry,
fish, dry beans, eggs, and nuts. Fats, oils, and sweets
should be used sparingly.

Regular aerobic exercise can lower blood pressure,
help control weight, and increase HDL (“good”) choles-
terol. It may keep the blood vessels more flexible. Mod-
erate intensity aerobic exercise lasting about 30 minutes
four or more times per week is recommended for maxi-
mum heart health, according to the Centers for Disease
Control and Prevention and the American College of
Sports Medicine. Three 10-minute exercise periods are
also beneficial. Aerobic exercise—activities such as
walking, jogging, and cycling—uses the large muscle
groups and forces the body to use oxygen more efficient-
ly. It can also include everyday activities such as active
gardening, climbing stairs, or brisk housework.

Maintaining a desirable body weight is also impor-
tant. About one quarter of all Americans are overweight,
and nearly one-tenth are obese, according to the Surgeon
General’s Report on Nutrition and Health. People who
are 20% or more over their ideal body weight have an
increased risk of developing coronary artery disease.
Losing weight can help reduce total and LDL choles-
terol, reduce triglycerides, and boost relative levels of
HDL cholesterol. It may also reduce blood pressure.

Smoking has many adverse effects on the heart. It
increases the heart rate, constricts major arteries, and can
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create irregular heartbeats. It also raises blood pressure,
contributes to the development of plaque, increases the
formation of blood clots, and causes blood platelets to
cluster and impede blood flow. Heart damage caused by
smoking can be repaired by quitting—even heavy smok-
ers can return to heart health. Several studies have shown
that ex-smokers face the same risk of heart disease as
non-smokers within five to 10 years of quitting.

Drinking should be done in moderation. Modest
consumption of alcohol can actually protect against coro-
nary artery disease. This is believed to be because alco-
hol raises HDL (“good”) cholesterol levels. The Ameri-
can Heart Association defines moderate consumption as
one ounce of alcohol per day—roughly one cocktail, one
8-ounce glass of wine, or two 12-ounce glasses of beer.
In some people, however, moderate drinking can increase
risk factors for heart disease, such as raising blood pres-
sure. Excessive drinking is always bad for the heart. It
usually raises blood pressure, and can poison the heart
and cause abnormal heart rhythms or even heart failure.
Illegal drugs, like cocaine, can seriously harm the heart
and should never be used.

High blood pressure, one of the most common and
serious risk factors for coronary artery disease, can be
completely controlled through lifestyle changes and
medication. People with moderate hypertension may be
able to control it through lifestyle changes such as reduc-
ing sodium and fat, exercising regularly, managing
stress, quitting smoking, and drinking alcohol in modera-
tion. If these changes do not work, and for people with
severe hypertension, there are eight types of drugs that
provide effective treatment.

Stress management means controlling mental and
physical reactions to life’s irritations and challenges.
Techniques for controlling stress include: taking life
more slowly, spending time with family and friends,
thinking positively, getting enough sleep, exercising, and
practicing relaxation techniques.

Daily aspirin therapy has been proven to help pre-
vent blood clots associated with atherosclerosis. It can
also prevent heart attacks from recurring, prevent heart
attacks from being fatal, and lower the risk of strokes.

Resources

BOOKS

American Heart Association. Guide to Heart Attack Treatment,
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1997.

Notelovitz, Morris, and Diana Tonnessen. The Essential Heart
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Lori De Milto

I Heart block
Definition

Heart block refers to a delay in the normal flow of
electrical impulses that cause the heart to beat. They are
further classified as first-, second-, or third-degree block.

Description

The muscles of the heart contract in a rhythmic
order for each heart beat, because electrical impulses
travel along a specific route called the conduction sys-
tem. The main junction of this system is called the atri-
oventricular node (AV node). Just as on a highway, there
are occasionally some delays getting the impulse from
one point to another. These delays are classified accord-
ing to their severity.

In first-degree heart block, the signal is just slowed
down a little as it travels along the defective part of the
conduction system so that it arrives late traveling from
the atrium to the ventricle.

In second-degree heart block, not every impulse
reaches its destination. The block may affect every other
beat, every second or third beat, or be very rare. If the
blockage is frequent, it results in an overall slowing of
the heart called bradycardia.

Third-degree block, also called complete heart block,
is the most serious. When no signals can travel through
the AV node, the heart uses its backup impulse generator
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in the lower portion of the heart. Though this impulse
usually keeps the heart from stopping entirely, it is too
slow to be an effective pump.

Causes and symptoms

First-degree heart block is fairly common. It is seen
in teenagers, young adults and in well-trained athletes.
The condition may be caused by rheumatic fever, some
types of heart disease and by some drugs. First-degree
heart block produces no symptoms.

Some cases of second-degree heart block may bene-
fit from an artificial pace-maker. Second-degree block
can occasionally progress to third-degree.

Third-degree heart block is a serious condition that
affects the heart’s ability to pump blood effectively.
Symptoms include fainting, dizziness and sudden heart
failure. If the ventricles beat more than 40 times per
minute, symptoms are not as severe, but include tiredness,
low blood pressure on standing, and shortness of breath.

Young children who have received a forceful blunt
chest injury, can experience first-, or second-degree heart
block.

Diagnosis
Diagnosis of first-, and second-degree heart block is
made by observing it on an electrocardiograph (ECG).

Third-degree heart block usually results in symp-
toms such as fainting, dizziness and sudden heart failure,
which require immediate medical care. A physical exam
and ECG confirm the presence of heart block.

Treatment

Some second- and almost all third-degree heart
blocks require an artificial pacemaker. In an emergency,
a temporary pacemaker can be used until an implanted
device is advisable. Most people need the pacemaker for
the rest of their lives.

Prognosis

Most people with first- and second-degree heart
block don’t even know they have it. For people with
third-degree block, once the heart has been restored to its
normal, dependable rhythm, most people, live full and
comfortable lives.

Resources

BOOKS

McGoon, Michael D., ed. Mayo Clinic Heart Book: The Ulti-
mate Guide to Heart Health. New York: William Morrow
and Co., Inc., 1993
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Dorothy Elinor Stonely

Heart catheterization see Cardiac
catheterization

I Heart failure
Definition

Heart failure is a condition in which the heart has
lost the ability to pump enough blood to the body’s tis-
sues. With too little blood being delivered, the organs and
other tissues do not receive enough oxygen and nutrients
to function properly.

Description

According to the American Heart Association, about
4.9 million Americans are living with congestive heart
failure. Of these, 2.5 million are males and 2.4 million
are females. Ten people out of every 1,000 people over
age 65 have this condition. There are about 400,000 new
cases each year.

Heart failure happens when a disease affects the
heart’s ability to deliver enough blood to the body’s tissues.
Often, a person with heart failure may have a buildup of
fluid in the tissues, called edema. Heart failure with this
kind of fluid buildup is called congestive heart failure.
Where edema occurs in the body depends on the part of the
heart that is affected by heart failure. Heart failure caused
by abnormality of the lower left chamber of the heart (left
ventricle) means that the left ventricle cannot pump blood
out to the body as fast as it returns from the lungs. Because
blood cannot get back to the heart, it begins to back up in
the blood vessels of the lungs. Some of the fluid in the
blood is forced into the breathing space of the lungs, caus-
ing pulmonary edema. A person with pulmonary edema
has shortness of breath, which may be acute and severe
and life threatening. A person with congestive heart failure
feels tired because not enough blood circulates to supply
the body’s tissues with the oxygen and nutrients they need.
Abnormalities of the heart structure and rhythm can also be
responsible for left ventricular congestive heart failure.

1537

ainjiey JeaHy
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In right-sided heart failure, the lower right chamber
of the heart (right ventricle) cannot pump blood to the
lungs as fast as it returns from the body through the
veins. Blood then engorges the right side of the heart and
the veins. Fluid backed up in the veins is forced out into
the tissues, causing swelling (edema), usually in the feet
and legs. Congestive heart failure of the right ventricle is
often caused by abnormalities of the heart valves and
lung disorders.

When the heart cannot pump enough blood, it tries
to make up for this by becoming larger. By becoming
enlarged (hypertrophic) the ventricle can contract more
strongly and pump more blood. When this happens, the
heart chamber becomes larger and the muscle in the heart
wall becomes thicker. The heart also compensates by
pumping more often to improve blood output and circu-
lation. The kidneys try to compensate for a failing heart
by retaining more salt and water to increase the volume
of blood. This extra fluid can also cause edema. Eventu-
ally, as the condition worsens over time these measures
are not enough to keep the heart pumping enough blood
needed by the body. Kidneys often weaken under these
circumstances, further aggravating the situation and
making therapy more difficult.

For most people, heart failure is a chronic disease with
no cure. However, it can be managed and treated with med-
icines and changes in diet, exercise, and lifestyle habits.
Heart transplantation is considered in some cases.

Causes and symptoms
The most common causes of heart failure are:

« coronary artery disease and heart attack (which may
be “silent”)

» cardiomyopathy

* high blood pressure (hypertension)
* heart valve disease

« congenital heart disease

« alcoholism and drug abuse

The most common cause of heart failure is coronary
artery disease. In coronary artery disease, the arteries
supplying blood to the heart become narrowed or
blocked. When blood flow to an area of the heart is com-
pletely blocked, the person has a heart attack. Some heart
attacks go unrecognized. The heart muscle suffers dam-
age when its blood supply is reduced or blocked. If the
damage affects the heart’s ability to pump blood, heart
failure develops.

Cardiomyopathy is a general term for disease of the
heart muscle. Cardiomyopathy may be caused by coro-
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nary artery disease and various other heart problems.
Sometimes the cause of cardiomyopathy cannot be found.
In these cases the heart muscle disease is called idiopathic
cardiomyopathy. Whatever the cause, cardiomyopathy
can weaken the heart, leading to heart failure.

High blood pressure is another common cause of
heart failure. High blood pressure makes the heart work
harder to pump blood. After a while, the heart cannot
keep up and the symptoms of heart failure develop.

Defects of the heart valves, congenital heart dis-
eases, alcoholism, and drug abuse cause damage to the
heart that can all lead to heart failure.

A person with heart failure may experience the fol-
lowing:

» shortness of breath

« frequent coughing, especially when lying down
« swollen feet, ankles, and legs

+ abdominal swelling and pain

« fatigue

» dizziness or fainting

* sudden death

A person with left-sided heart failure may have short-
ness of breath and coughing caused by the fluid buildup
in the lungs. Pulmonary edema may cause the person to
cough up bubbly phlegm that contains blood. With right-
sided heart failure, fluid build-up in the veins and body
tissues causes swelling in the feet, legs, and abdomen.
When body tissues, such as organs and muscles, do not
receive enough oxygen and nutrients they cannot function
as well, leading to tiredness and dizziness.

Diagnosis
Diagnosis of heart failure is based on:
* symptoms
* medical history
* physical examination
* chest x ray
« electrocardiogram (ECG:; also called EKG)
« other imaging tests
» cardiac catheterization

A person’s symptoms can provide important clues to
the presence of heart failure. Shortness of breath while
engaging in activities and episodes of shortness of breath
that wake a person from sleep are classic symptoms of
heart failure. During the physical examination, the physi-
cian listens to the heart and lungs with a stethoscope for
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KEY TERMS

Angioplasty—A technique for treating blocked
coronary arteries by inserting a catheter with a tiny
balloon at the tip into the artery and inflating it.

Angiotensin-converting enzyme (ACE) inhibitor—A
drug that relaxes blood vessel walls and lowers
blood pressure.

Arrhythmias—Abnormal heartbeat.

Atherosclerosis—Buildup of a fatty substance
called a plaque inside blood vessels.

Calcium channel blocker—A drug that relaxes
blood vessels and lowers blood pressure.

Cardiac catheterization—A diagnostic test for eval-
uating heart disease; a catheter is inserted into an
artery and passed into the heart.

Cardiomyopathy—Disease of the heart muscle.
Catheter—A thin, hollow tube.

Congenital heart defects—Abnormal formation of
structures of the heart or of its major blood vessels
present at birth.

Congestive heart failure—A condition in which the
heart cannot pump enough blood to supply the
body’s tissues with sufficient oxygen and nutrients;
back up of blood in vessels and the lungs causes
build up of fluid (congestion) in the tissues.

telltale signs of heart failure. Irregular heart sounds, “gal-
lops,” a rapid heart rate, and murmurs of the heart valves
may be heard. If there is fluid in the lungs a crackling
sound may be heard. Rapid breathing or other changes in
breathing may also be present. Patients with heart failure
may also have a rapid pulse.

By pressing on the abdomen, the physician can feel
if the liver is enlarged. The skin of the fingers and toes
may have a bluish tint and feel cool if not enough oxygen
is reaching them.

A chest x ray can show if there is fluid in the lungs
and if the heart is enlarged. Abnormalities of heart valves
and other structures may also be seen on chest x ray.

An electrocardiogram gives information on the heart
rhythm and the size of the heart. It can show if the heart
chamber is enlarged and if there is damage to the heart
muscle from blocked arteries.
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Coronary arteries—Arteries that supply blood to
the heart muscle.

Coronary artery bypass—Surgical procedure to
reroute blood around a blocked coronary artery.

Coronary artery disease—Narrowing or blockage
of coronary arteries by atherosclerosis.

Digitalis—A drug that helps the heart muscle to
have stronger pumping action.

Diuretic—A type of drug that helps the kidneys
eliminate excess salt and water.

Edema—Swelling caused by fluid buildup in tissues.

Ejection fraction—A measure of the portion of
blood that is pumped out of a filled ventricle.

Heart valves—Valves that regulate blood flow into
and out of the heart chambers.

Hypertension—High blood pressure.
Hypertrophic—Enlarged.

Idiopathic cardiomyopathy—Cardiomyopathy with-
out a known cause.

Pulmonary edema—Buildup of fluid in the tissue of
the lungs.

Vasodilator—Any drug that relaxes blood vessel
walls.

Ventricles—The two lower chambers of the heart.

Besides chest x ray, other imaging tests may help
make a diagnosis. Echocardiography uses sound waves
to make images of the heart. These images can show if the
heart wall or chambers are enlarged and if there are any
abnormalities of the heart valves. An echocardiogram can
also be used to find out how much blood the heart is
pumping. It determines the amount of blood in the ventri-
cle (ventricular volume) and the amount of blood the ven-
tricle pumps each time it beats (called the ejection frac-
tion). A healthy heart pumps at least one-half the amount
of blood in the left ventricle with each heartbeat.
Radionuclide ventriculography also measures the ejection
fraction by imaging with very low doses of an injected
radioactive substance as it travels through the heart.

Cardiac catheterization involves using a small tube
(catheter) that is inserted through a blood vessel into the
heart. It is used to measure pressure in the heart and
amount of blood pumped by the heart. This test can help
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Heart failure

find abnormalities of the coronary arteries, heart valves,
and heart muscle, and other blood vessels. Combined
with echocardiography and other tests, cardiac catheteri-
zation can help find the cause of heart failure. It is not
always necessary, however.

Treatment

Heart failure usually is treated with lifestyle changes
and medicines. Sometimes surgery is needed to correct
abnormalities of the heart or heart valves. Heart trans-
plantation is a last resort to be considered in certain cases.

Dietary changes to maintain proper weight and
reduce salt intake may be needed. Reducing salt intake
helps to lessen swelling in the legs, feet, and abdomen.
Appropriate exercise may also be recommended, but it is
important that heart failure patients only begin an exer-
cise program with the advice of their doctors. Walking,
bicycling, swimming, or low-impact aerobic exercises
may be recommended. There are good heart rehabilita-
tion programs at most larger hospitals.

Other lifestyle changes that may reduce the symp-
toms of heart failure include stopping smoking or other
tobacco use, eliminating or reducing alcohol consump-
tion, and not using harmful drugs.

One or more of the following types of medicines
may be prescribed for heart failure:

* diuretics

» digitalis

« vasodilators
* beta blockers

 angiotensin converting enzyme inhibitors

inhibitors)

(ACE

« angiotensin receptor blockers (ARBs)
« calcium channel blockers

Diuretics help eliminate excess salt and water from
the kidneys by making patients urinate more often. This
helps reduce the swelling caused by fluid buildup in the
tissues. Digitalis helps the heart muscle to have stronger
pumping action. Vasodilators, ACE inhibitors, ARBs,
and calcium channel blockers lower blood pressure and
expand the blood vessels so blood can move more easily
through them. This action makes it easier for the heart to
pump blood through the vessels.

Surgery is used to correct certain heart conditions
that cause heart failure. Congenital heart defects and
abnormal heart valves can be repaired with surgery.
Blocked coronary arteries can usually be treated with
angioplasty or coronary artery bypass surgery.
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With severe heart failure, the heart muscle may
become so damaged that available treatments do not
help. Patients with this stage of heart failure are said to
have end-stage heart failure. Heart transplant is usually
considered for patients with end-stage heart failure when
all other treatments have stopped working.

Prognosis

Most patients with mild or moderate heart failure
can be successfully treated with dietary and exercise pro-
grams and the right medications. Many people are able to
participate in normal daily activities and lead relatively
active lives.

Patients with severe heart failure may eventually
have to consider heart transplantation. Approximately
50% of patients diagnosed with congestive heart failure
live for five years with the condition. Women with heart
failure usually live longer than men with heart failure.

Prevention

Heart failure is usually caused by the effects of some
type of heart disease. The best way to try to prevent heart
failure is to eat a healthy diet and get regular exercise,
but many causes of heart failure cannot be prevented.
People with risk factors for coronary disease (such as
high blood pressure and high cholesterol levels) should
work closely with their physician to reduce their likeli-
hood of heart attack and heart failure.

Heart failure sometimes can be avoided by identify-
ing and treating any conditions that might lead to heart
disease. These include high blood pressure, alcoholism,
and coronary artery disease. Regular blood pressure
checks and obtaining immediate medical care for symp-
toms of coronary artery disease, such as chest pain, will
help to get these conditions found and treated early,
before they can damage the heart muscle.

Finally, diagnosing and treating heart failure before
the heart becomes severely damaged can improve the
prognosis. With proper treatment, many patients may
continue to lead active lives for a number of years.

Resources

BOOKS

Bellenir, Karen, and Peter D. Dresser, eds. Cardiovascular Dis-
eases and Disorders Sourcebook. Detroit: Omnigraphics,
1995.

Texas Heart Institute. Heart Owner’s Handbook. New York:
John Wiley and Sons, 1996.

ORGANIZATIONS
American Heart Association. 7320 Greenville Ave. Dallas, TX
75231. (214) 373-6300. <http://www.americanheart.org>.
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National Heart, Lung and Blood Institute. PO Box 30105,
Bethesda, MD 20824-0105. (301) 251-1222. <http://
www.nhlbi.nih.gov>.

Texas Heart Institute. Heart Information Service. PO Box 20345,
Houston, TX 77225-0345. <http://www.tmc.edu/thi>.

Toni Rizzo

I Heart murmurs
Definition

A heart murmur is an abnormal, extra sound during
the heartbeat cycle made by blood moving through the
heart and its valves. It is detected by the physician’s
examination using a stethoscope.

Description

A heart which is beating normal makes two sounds,
“lubb” when the valves between the atria and ventricles
close, and “dupp” when the valves between the ventricles
and the major arteries close. A heart murmur is a series
of vibratory sounds made by turbulent blood flow. The
sounds are longer than normal heart sounds and can be
heard between the normal sounds of the heart.

Heart murmurs are common in children and can also
result from heart or valve defects. Nearly two thirds of
heart murmurs in children are produced by a normal heart
and are harmless. This type of heart murmur is usually
called an “innocent” heart murmur. It can also be called
“functional” or “physiologic.” Innocent heart murmurs
are usually very faint, intermittent, and occur in a small
area of the chest. Pathologic heart murmurs may indicate
the presence of a serious heart defect. They are louder,
continual, and may be accompanied by a click or gallop.

Some heart murmurs are continually present; others
happen only when the heart is working harder than usual,
including during exercise or certain types of illness.
Heart murmurs can be diastolic or systolic. Those which
occur during relaxation of the heart between beats are
called diastolic murmurs. Those which occur during con-
traction of the heart muscle are called systolic murmurs.
The characteristics of the murmur may suggest specific
alterations in the heart or its valves.

Causes and symptoms

Innocent heart murmurs are caused by blood flowing
through the chambers and valves of the heart or the blood
vessels near the heart. Sometimes anxiety, stress, fever,
anemia, overactive thyroid, and pregnancy will cause
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innocent murmurs that can be heard by a physician using
a stethoscope. Pathologic heart murmurs, however, are
caused by structural abnormalities of the heart. These
include defective heart valves or holes in the walls of the
heart. Valve problems are more common. Valves that do
not open completely cause blood to flow through a small-
er opening than normal, while those that do not close
properly may cause blood to go back through the valve. A
hole in the wall between the left and right sides of the
heart, called a septal defect, can cause heart murmurs.
Some septal defects close on their own; others require
surgery to prevent progressive damage to the heart.

The symptoms of heart murmurs differ depending on
the cause of the heart murmur. Innocent heart murmurs
and those which do not impair the function of the heart
have no symptoms. Murmurs that are due to severe abnor-
malities of a heart valve may cause shortness of breath,
dizziness, chest pains, palpitations, and lung congestion.

Diagnosis

Heart murmurs can be heard when a physician listens
to the heart through a stethoscope during a regular check-
up. Very loud heart murmurs and those with clicks or extra
heart sounds should be evaluated further. Infants with heart
murmurs who do not thrive, eat, or breath properly and
older children who lose consciousness suddenly or are
intolerant to exercise should also be evaluated. If the mur-
mur sounds suspicious, the physician may order a chest x
ray, an electrocardiogram, and an echocardiogram.

An electrocardiogram (ECG) shows the heart’s
activity and may reveal muscle thickening, damage, or a
lack of oxygen. Electrodes covered with conducting jelly
are placed on the patient’s chest, arms, and legs. They
send impulses of the heart’s activity through a monitor
(oscilloscope) to a recorder which traces them on paper.
The test takes about 10 minutes and is commonly per-
formed in a physician’s office. An exercise ECG can
reveal additional information.

An echocardiogram (cardiac ultrasound), may be
ordered to identify a structural problem that is causing
the heart murmur. An echocardiogram uses sound waves
to create an image of the heart’s chambers and valves.
The technician applies gel to a hand-held transducer then
presses it against the patient’s chest. The sound waves
are converted into an image that can be displayed on a
monitor. Performed in a cardiology outpatient diagnostic
laboratory, the test takes 30 minutes to an hour.

Treatment
Innocent heart murmurs do not affect the patient’s

health and require no treatment. Heart murmurs due to sep-
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KEY TERMS

Atria—The upper two chambers of the heart.

Echocardiogram—A non-invasive ultrasound test
that shows an image of the inside of the heart. An
echocardiogram can be performed to identify any
structural problems which cause a heart murmur.

Electrocardiogram—A test that shows the electri-
cal activity of the heart by placing electronic sen-
sors on the patient. This test can be used to con-
firm the presence of a heart murmur.

Pathologic—Characterized by disease or the struc-
tural and functional changes due to disease. Patho-
logic heart murmurs may indicate a heart defect.

Ventricles—The lower two chambers of the heart.

tal defects may require surgery. Those due to valvular
defects may require antibiotics to prevent infection during
certain surgical or dental procedures. Severely damaged or
diseased valves can be repaired or replaced through surgery.

Alternative treatment

If a heart murmur requires surgical treatment, there
are no alternative treatments, although there are alternative
therapies that are helpful for pre- and post-surgical support
of the patient. If the heart murmur is innocent, heart activi-
ty can be supported using the herb hawthorn (Crataegus
laevigata or C. oxyacantha) or coenzyme Q10. These
remedies improve heart contractility and the heart’s ability
to use oxygen. If the murmur is valvular in origin, herbs
that act like antibiotics as well as options that build resis-
tance to infection in the valve areas may be considered.

Prognosis

Most children with innocent heart murmurs grow
out of them by the time they reach adulthood. Severe
causes of heart murmurs may progress to severe symp-
toms and death.

Resources

PERIODICALS

Gutgesell, Howard P, et al. “Common Cardiovascular Prob-
lems in the Young: Part I. Murmurs, Chest Pain, Syncope
and Irregular Rhythms.” American Family Physician 56,
no. 7 (1 Nov. 1997): 1825-1827.

Sapin, Samuel. “Recognizing Normal Heart Murmurs: A
Logic-Based Mnemonic.” Pediatrics 99, no. 4 (1 Apr.
1997): 616.
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Smith, Karen M. “The Innocent Heart Murmur in Children.”
Journal of Pediatric Health Care 11, no. 5 (Sept./Oct.
1997): 207-214.
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75231. (214) 373-6300. <http://www.americanheart.org>.

Texas Heart Institute. Heart Information Service. PO Box 20345,
Houston, TX 77225-0345. <http://www.tmc.edu/thi>.
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“Heart Murmurs in Infants: Not Always Cause for Alarm.”
Mayo Clinic Online. 26 Feb. 1998. 5 Mar. 1998 <http://
www.mayohealth.org>.

“When Your Child’s Doctor Hears a Heart Murmur.” Chil-
dren’s National Medical Center. 1998. 6 Mar. 1998
<http://www.cnmc.org/heart.htm>.

Lori De Milto

Heart muscle infection see Myocarditis
Heart scan see Echocardiography
Heart septal defect see Atrial septal defect

I Heart surgery for congenital
defects

Definition

A variety of surgical procedures that are performed
to repair the many types of heart defects that may be pre-
sent at birth.

Purpose

Heart surgery for congenital defects is performed
to repair a defect as much as possible and improve the
flow of blood and oxygen to the body. While congenital
heart defects vary in their severity, most require
surgery. Surgery is recommended for congenital heart
defects that result in a lack of oxygen, a poor quality of
life, or a patient who does not thrive. Some types of
congenital heart defects that don’t cause symptoms are
treated surgically because they can lead to serious com-
plications.

Precautions

There are many types of surgery for congenital heart
defects and many considerations in the decision to oper-
ate. The patient’s cardiologist or surgeon will discuss
these issues on an individual basis.
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Description

There are many types of congenital heart defects.
Most obstruct the flow of blood in the heart, or the ves-
sels near it, or cause an abnormal flow of blood through
the heart. Rarer types include newborns born with one
ventricle, one side of the heart that is not completely
formed, or the pulmonary artery and the aorta coming
out of the same ventricle. Most congenital heart defects
require surgery during infancy or childhood. Recom-
mended ages for surgery for the most common congeni-
tal heart defects are:

« atrial septal defects: during the preschool years
« patent ductus arteriosus: between ages one and two

« coarctation of the aorta: in infancy, if it’s sympto-
matic, at age four otherwise

« tetralogy of Fallot: age varies, depending on the
patient’s signs and symptoms

« transposition of the great arteries: often in the first
weeks after birth, but before the patient is 12 months
old

Surgical procedures seek to repair the defect as
much as possible and restore circulation to as close to
normal as possible. Sometimes, multiple, serial, surgical
procedures are necessary. Smaller congenital heart
defects can now be repaired in a cardiac catheterization
lab instead of an operating room. Catheterization proce-
dures include balloon atrial septostomy and balloon
valvuloplasty. Surgical procedures include arterial
switch, Damus-Kaye-Stansel procedure, Fontan proce-
dure, Ross procedure, shunt procedure, and venous
switch or intra-atrial baffle.

Catheterization procedures

Balloon atrial septostomy and balloon valvuloplasty
are cardiac catheterization procedures. Cardiac catheteri-
zation procedures can save the lives of critically ill
neonates and in some cases eliminate or delay more inva-
sive surgical procedures. It is expected that catheteriza-
tion procedures will continue to replace more types of
surgery for congenital heart defects in the future. A thin
tube called a catheter is inserted into an artery or vein in
the leg, groin, or arm and threaded into the area of the
heart which needs repair. The patient receives a local
anesthetic at the insertion site and is awake but sedated
during the procedure.

BALLOON ATRIAL SEPTOSTOMY. Balloon atrial sep-
tostomy is the standard procedure for correcting transpo-
sition of the great arteries; it is sometimes used in
patients with mitral, pulmonary, or tricupsid atresia (atre-
sia is a defect that causes the blood to carry too little oxy-
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gen to the body). Balloon atrial septostomy enlarges the
atrial opening. A special balloon-tipped catheter is insert-
ed into the right atrium and inflated to create a large
opening in the atrial septum.

BALLOON VALVULOPLASTY. Balloon valvuloplasty
uses a balloon-tipped catheter to open a narrowed heart
valve, improving the flow of blood. It is the procedure of
choice in pulmonary stenosis and is sometimes used in
aortic stenosis. Balloons made of plastic polymers are
placed at the end of the catheter and inflated to relieve the
obstruction in the heart valve. Long-terms results are
excellent in most cases. The operative death rate is 2—4%.

Surgical procedures

These procedures are performed under general anes-
thesia. Some require the use of a heart-lung machine,
which cools the body to reduce the need for oxygen and
takes over for the heart and lungs during the procedure.

ARTERIAL SWITCH. Arterial switch is performed to
correct transposition of the great arteries, where the posi-
tion of the pulmonary artery and the aorta are reversed.
The procedure involves connecting the aorta to the left
ventricle and the pulmonary artery to the right ventricle.

DAMUS-KAYE-STANSEL PROCEDURE. Transposition
of the great arteries can also be corrected by the Damus-
Kaye-Stansel procedure, in which the pulmonary artery
is cut in two and connected to the ascending aorta and
right ventricle.

FONTAN PROCEDURE. For tricuspid atresia and pul-
monary atresia, the Fontan procedure connects the right
atrium to the pulmonary artery directly or with a conduit,
and the atrial defect is closed. Survival is over 90%.

PULMONARY ARTERY BANDING. Pulmonary artery
banding is narrowing the pulmonary artery with a band to
reduce blood flow and pressure in the lungs. It is used for
ventricular septal defect, atrioventricular canal defect,
and tricuspid atresia. Later, the band can be removed and
the defect corrected with open heart surgery.

ROSS PROCEDURE. To correct aortic stenosis, the
Ross procedure grafts the pulmonary artery to the aorta.

SHUNT PROCEDURE. For Tetralogy of Fallot, tricus-
pid atresia, or pulmonary atresia, the shunt procedure
creates a passage between blood vessels, sending blood
into parts of the body that need it.

VENOUS SWITCH. For transposition of the great
arteries, venous switch creates a tunnel inside the atria to
re-direct oxygen-rich blood to the right ventricle and
aorta and venous blood to the left ventricle and pul-
monary artery.
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Heart surgery for congenital defects

KEY TERMS

Atresia—A congenital defect in which the blood
pumped through the body has too little oxygen. In
tricuspid atresia, the baby lacks a triscupid valve. In
pulmonary atresia, a pulmonary valve is missing.

Coarctation of the aorta—A congenital defect in
which severe narrowing or constriction of the
aorta obstructs the flow of blood.

Congenital heart defects—Congenital means con-
ditions which are present at birth. Congenital
heart disease includes a variety of defects that
babies are born with.

Patent ductus arteriosus—A congenital defect in
which the temporary blood vessel connecting the
left pulmonary artery to the aorta in the fetus does-
n’t close in the newborn.

Septal defects—These are holes in the septum, the
muscle wall separating the right and left sides of
the heart. Atrial septal defects are openings
between the two upper heart chambers and ven-
tricular septal defects are openings between the
two lower heart chambers.

Stenosis—A narrowing of the heart’s valves. This
congenital defect can occur in the pulmonary
(lung) or aortic (the main heart artery) valve.

Tetralogy of Fallot—A cyanotic defect in which
the blood pumped through the body has too little
oxygen. Tetralogy of Fallot includes four defects: a
large hole between the ventricles, narrowing at or
beneath the pulmonary valve, an overly muscular
right ventricle, and an aorta over the large hole.

Transposition of the great arteries—A cyanotic
defect in which the blood pumped through the
body has too little oxygen. The pulmonary artery
and the aorta are reversed.

OTHER TYPES OF SURGERY. These surgical proce-
dures are also used to treat common congenital heart
defects. A medium to large ventricular or atrial septal
defect can be closed by suturing it or covering it with a
Dacron patch. For patent ductus arteriosus, surgery con-
sists of dividing the ductus into two and tying off the
ends. If performed within the patient’s first few years,
there is practically no risk associated with this opera-
tion. Surgery for coarctation of the aorta involves open-
ing the chest wall, removing the defect, and reconnect-
ing the ends of the aorta. If the defect is too long to be
reconnected, a Dacron graft is used to replace the miss-
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ing piece. In uncomplicated cases, the risk of the opera-
tion is 1-2%.

Preparation

Before surgery for congenital heart defects, the
patient will receive a complete evaluation, which includes
a physical exam, a detailed family history, a chest x ray,
an electrocardiogram, an echocardiogram, and usually
cardiac catheterization. For six to eight hours before the
surgery, the patient cannot eat or drink anything. An elec-
trocardiogram shows the heart’s activity and may reveal a
lack of oxygen. Electrodes covered with conducting jelly
are placed on the patient’s chest, arms, and legs and the
heart’s impulses are traced on paper. An echocardiogram
uses sound waves to create an image of the heart’s cham-
bers and valves. Gel is applied to a hand-held transducer
and then pressed against the patient’s chest. Cardiac
catheterization is an invasive diagnostic technique used to
evaluate the heart in which a long tube is inserted into a
blood vessel and guided into the heart. A contrast solution
is injected to make the heart visible on X rays.

Aftercare

After heart surgery for congenital defects, the patient
goes to an intensive care ward where he or she is connected
to a variety of tubes and monitors, including a ventilator.
Patients are monitored every 15 minutes until vital signs
are stable. Heart sounds, oxygenation, and the electrocar-
diogram are monitored. Chest tubes will be checked to
ensure that they re draining properly and there is no hemor-
rhage. Pain medications will be administered. Complica-
tions such as stroke, lung blood clots, and reduced blood
flow to the kidneys will be watched for. After the ventilator
and breathing tube are removed, chest physical therapy
and exercises to improve circulation will be started.

Risks

Complications from heart surgery for congenital
defects can be severe. They include shock, congestive
heart failure, lack of oxygen or too much carbon diox-
ide in the blood, irregular heartbeat, stroke, infection,
kidney damage, lung blood clot, low blood pressure,
hemorrhage, cardiac arrest, and death.

Resources
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“Congenital Heart Disease.” In Current Medical Diagnosis and
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Holbrook, MA: Adams Media Corporation, 1997.
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ley, PA 19067. (215) 493-3068. <http://www.tchin.org>.

Texas Heart Institute. Heart Information Service. PO Box 20345,
Houston, TX 77225-0345. <http://www.tmc.edu/thi>.

Lori De Milto

Heart sonogram see Echocardiography

I Heart transplantation
Definition

Heart transplantation, also called cardiac transplan-
tation, is the replacement of a patient’s diseased or
injured heart with a healthy donor heart.

Purpose

Heart transplantation is performed on patients with
end-stage heart failure or some other life-threatening heart
disease. Before a doctor recommends heart transplantation
for a patient, all other possible treatments for his or her dis-
ease must have been tried. The purpose of heart transplan-
tation is to extend and improve the life of a person who
would otherwise die from heart failure. Most patients who
receive a new heart were so sick before transplantation that
they could not live a normal life. Replacing a patient’s dis-
eased heart with a healthy, functioning donor heart often
allows the recipient to return to normal daily activities.

Precautions
Because healthy donor hearts are in short supply,

strict rules dictate who should or should not get a heart
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transplant. Patients who have conditions that might cause
the new heart to fail should not have a heart transplant.
Similarly, patients who may be too sick to survive the
surgery or the side effects of the drugs they must take to
keep their new heart working would not be good trans-
plant candidates.

Patients who have any of the following conditions
may not be eligible for heart transplantation:

« active infection
* pulmonary hypertension

e chronic lung disease with loss of more than 40% of
lung function

« untreatable liver or kidney disease
« diabetes that has caused serious damage to vital organs

» disease of the blood vessels in the brain, such as a
stroke

« serious disease of the arteries

« mental illness or any condition that would make a
patient unable to take the necessary medicines on
schedule

« continuing alcohol or drug abuse

Description

Patients with end-stage heart disease that threatens
their life even after medical treatment may be considered
for heart transplantation. Potential candidates must have
a complete medical examination before they can be put
on the transplant waiting list. Many types of tests are
done, including blood tests, x rays, and tests of heart,
lung, and other organ function. The results of these tests
indicate to doctors how serious the heart disease is and
whether or not a patient is healthy enough to survive the
transplant surgery.

Organ waiting list

A person approved for heart transplantation is
placed on the heart transplant waiting list of a heart trans-
plant center. All patients on a waiting list are registered
with the United Network for Organ Sharing (UNOS).
UNOS has organ transplant specialists who run a nation-
al computer network that connects all the transplant cen-
ters and organ-donation organizations.

When a donor heart becomes available, information
about it is entered into the UNOS computer and com-
pared to information from patients on the waiting list.
The computer program produces a list of patients ranked
according to blood type, size of the heart, and how
urgently they need a heart. Because the heart must be
transplanted as quickly as possible, the list of local

1545

uonejuejdsues yreay



Heart transplantation

patients is checked first for a good match. After that, a
regional list, and then a national list, are checked. The
patient’s transplant team of heart and transplant special-
ists makes the final decision as to whether a donor heart
is suitable for the patient.

The transplant procedure

When a heart becomes available and is approved for
a patient, it is packed in a sterile cold solution and rushed
to the hospital where the recipient is waiting.

Heart transplant surgery involves the following basic
steps:

» A specialist in cardiovascular anesthesia gives the
patient general anesthesia.

* Intravenous antibiotics are usually given to prevent
bacterial wound infections.

* The patient is put on a heart/lung machine, which per-
forms the functions of the heart and lungs and pumps
the blood to the rest of the body during surgery. This
procedure is called cardiopulmonary bypass.

 After adequate blood circulation is established, the
patient’s diseased heart is removed.

* The donor heart is attached to the patient’s blood vessels.

« After the blood vessels are connected, the new heart is
warmed up and begins beating. If the heart does not
begin to beat immediately, the surgeon may start it with
an electrical shock.

* The patient is taken off the heart/lung machine.

 The new heart is stimulated to maintain a regular beat
with medications for two to five days after surgery,
until the new heart functions normally on its own.

Heart transplant recipients are given immunosup-
pressive drugs to prevent the body from rejecting the new
heart. These drugs are usually started before or during
the heart transplant surgery. Inmunosuppressive drugs
keep the body’s immune system from recognizing and
attacking the new heart as foreign tissue. Normally,
immune system cells recognize and attack foreign or
abnormal cells, such as bacteria, cancer cells, and cells
from a transplanted organ. The drugs suppress the
immune cells and allow the new heart to function proper-
ly. However, they can also allow infections and other
adverse effects to occur to the patient.

Because the chance of rejection is highest during the
first few months after the transplantation, recipients are
usually given a combination of three or four immunosup-
pressive drugs in high doses during this time. Afterwards,
they must take maintenance doses of immunosuppressive
drugs for the rest of their lives.
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National Transplant Waiting List By Organ Type
(June 2000)

Organ Needed Number Waiting
Kidney 48,349
Liver 15,987
Heart 4,139
Lung 3,695
Kidney-Pancreas 2,437
Pancreas 942
Heart-Lung 212
Intestine 137

Cost and insurance coverage

The total cost for heart transplantation varies,
depending on where it is performed, whether transporta-
tion and lodging are needed, and on whether there are
any complications. The costs for the surgery and first
year of care are estimated to be about $250,000. The
medical tests and medications after the first year cost
about $21,000 per year.

Insurance coverage for heart transplantation varies
depending on the policy. Most commercial insurance
companies pay a certain percentage of heart transplant
costs. Medicare pays for heart transplants if the surgery
is performed at Medicare-approved centers. Medicaid
pays for heart transplants in 33 states and in the District
of Colombia.

Preparation

Before patients are put on the transplant waiting list,
their blood type is determined so a compatible donor
heart can be found. The heart must come from a person
with the same blood type as the patient, unless it is blood
type O. A blood type O heart can be transplanted into a
person with any type of blood.

A panel reactive antibodies (PRA) test is also done
before heart transplantation. This test tells doctors whether
or not the patient is at high risk for having a hyperacute
reaction against a donor heart. A hyperacute reaction is a
strong immune response against the new heart that hap-
pens within minutes to hours after the new heart is trans-
planted. If the PRA shows that a patient has a high risk for
this kind of reaction, then a crossmatch is done between a
patient and a donor heart before transplant surgery. A
crossmatch checks how close the match is between the
patient’s tissue type and the tissue type of the donor heart.

Most people are not high risk and a crossmatch usu-
ally is not done before the transplant because the surgery
must be done as quickly as possible after a donor heart is
found.
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A comparison of the old and new hearts of Dylan Stork, the smallest heart transplant recipient in the world. Dylan was seven
weeks old and weighed 5.5 pounds (2.5 kg) at the time of the operation. (Photograph by Alexander Tsiaras, Photo Researchers,
Inc. Reproduced by permission.)

While waiting for heart transplantation, patients are
given treatment to keep the heart as healthy as possible.
They are regularly checked to make sure the heart is
pumping enough blood. Intravenous medications may be
used to improve cardiac output. If these drugs are not
effective, a mechanical pump can help keep the heart
functioning until a donor heart becomes available. Insert-
ed through an artery into the aorta, the pump assists the
heart in pumping blood.

Aftercare

Immediately following surgery, patients are moni-
tored closely in the intensive care unit (ICU) of the hos-
pital for 24-72 hours. Most patients need to receive oxy-
gen for four to 24 hours following surgery. Blood pres-
sure, heart function, and other organ functions are care-
fully monitored during this time.

Heart transplant patients start taking immunosup-
pressive drugs before or during surgery to prevent
immune rejection of the heart. High doses of immuno-
suppressive drugs are given at this time, because rejec-
tion is most likely to happen within the first few months
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after the surgery. A few months after surgery, lower doses
of immunosuppressive drugs usually are given and must
be taken for the rest of the patient’s life.

For six to eight weeks after the transplant surgery,
patients usually come back to the transplant center twice
a week for physical examinations and medical tests.
These tests check for any signs of infection, rejection of
the new heart, or other complications.

In addition to physical examination, the following
tests may be done during these visits:

« laboratory tests to check for infection
« chest x ray to check for early signs of lung infection
« electrocardiogram (ECG) to check heart function

« echocardiogram to check the function of the ventricles
in the heart

* blood tests to check liver and kidney function

 complete blood counts (CBC) to check the numbers of
blood cells

« taking of a small tissue sample from the donor heart
(endomyocardial biopsy) to check for signs of rejection
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Heart transplantation

KEY TERMS

Anesthesia—Loss of the ability to feel pain, caused
by administration of an anesthetic drug.

Angina—Characteristic chest pain which occurs dur-
ing exercise or stress in certain kinds of heart disease.

Cardiopulmonary bypass—Mechanically circulat-
ing the blood with a heart/lung machine that
bypasses the heart and lungs.

Cardiovascular—Having to do with the heart and
blood vessels.

Complete blood count (CBC)—A blood test to
check the numbers of red blood cells, white blood
cells, and platelets in the blood.

Coronary artery disease—Blockage of the arteries
leading to the heart.

Crossmatch—A test to determine if patient and
donor tissues are compatible.

Donor—A person who donates an organ for trans-
plantation.

Echocardiogram—A test that visualizes and records
the position and motion of the walls of the heart
using ultrasound waves.

During the physical examination, the blood pressure
is checked and the heart sounds are listened to with a
stethoscope to determine if the heart is beating properly
and pumping enough blood. Kidney and liver function
are checked because these organs may lose function if
the heart is being rejected.

An endomyocardial biopsy is the removal of a small
sample of the heart muscle. This is done with a very
small instrument that is inserted through an artery or vein
and into the heart. The heart muscle tissue is examined
under a microscope for signs that the heart is being
rejected. Endomyocardial biopsy is usually done weekly
for the first four to eight weeks after transplant surgery
and then at longer intervals after that.

Risks

The most common and dangerous complications of
heart transplant surgery are organ rejection and infection.
Immunosuppressive drugs are given to prevent rejection
of the heart. Most heart transplant patients have a rejec-
tion episode soon after transplantation, but doctors usual-
ly diagnose it immediately when it will respond readily
to treatment. Rejection is treated with combinations of
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Electrocardiogram (ECG)—A test that measures
electrical conduction of the heart.

End-stage heart failure—Severe heart disease that
does not respond adequately to medical or surgical
treatment.

Endomyocardial biopsy—Removal of a small sam-
ple of heart tissue to check it for signs of damage
caused by organ rejection.

Fatigue—Loss of energy; tiredness.
Graft—A transplanted organ or other tissue.

Immunosuppressive drug—Medication used to sup-
press the immune system.

Inotropic drugs—Medications used to stimulate the
heart beat.

Pulmonary hypertension—An increase in the pres-
sure in the blood vessels of the lungs.

Recipient—A person who receives an organ trans-
plant.

immunosuppressive drugs given in higher doses than
maintenance immunosuppression. Most of these rejec-
tion situations are successfully treated.

Infection can result from the surgery, but most infec-
tions are a side effect of the immunosuppressive drugs.
Immunosuppressive drugs keep the immune system from
attacking the foreign cells of the donor heart. However,
the suppressed immune cells are also unable to adequate-
ly fight bacteria, viruses, and other microorganisms.
Microorganisms that normally do not affect persons with
healthy immune systems can cause dangerous infections
in transplant patients taking immunosuppressive drugs.

Patients are given antibiotics during surgery to pre-
vent bacterial infection. Patients may also be given an
antiviral drug to prevent virus infections. Patients who
develop infections may need to have their immunosup-
pressive drugs changed or the dose adjusted. Infections
are treated with antibiotics or other drugs, depending on
the type of infection.

Other complications that can happen immediately
after surgery are:

* bleeding
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« pressure on the heart caused by fluid in the space sur-
rounding the heart (pericardial tamponade)

« irregular heart beats

« reduced cardiac output

« increased amount of blood in the circulatory system
« decreased amount of blood in the circulatory system

About half of all heart transplant patients develop
coronary artery disease 1-5 years after the transplant.
The coronary arteries supply blood to the heart. Patients
with this problem develop chest pains called angina.
Other names for this complication are coronary allograft
vascular disease and chronic rejection.

Outcomes

Heart transplantation is an appropriate treatment for
many patients with end-stage heart failure. The outcomes
of heart transplantation depend on the patient’s age,
health, and other factors. About 73% of heart transplant
patients are alive four years after surgery.

After transplant, most patients regain normal heart
function, meaning the heart pumps a normal amount of
blood. A transplanted heart usually beats slightly faster
than normal because the heart nerves are cut during
surgery. The new heart also does not increase its rate as
quickly during exercise. Even so, most patients feel
much better and their capacity for exercise is dramatical-
ly improved from before they received the new heart.
About 85% of patients return to work and other daily
activities. Many are able to participate in sports.

Resources

BOOKS

Bellenir, Karen, and Peter D. Dresser, eds. Cardiovascular Dis-
eases and Disorders Sourcebook. Detroit: Omnigraphics,
1995.

Texas Heart Institute. Heart Owner’s Handbook. New York:
John Wiley and Sons, 1996.

ORGANIZATIONS

American Council on Transplantation. P.O. Box 1709, Alexan-
dria, VA 22313. 1-800-ACT-GIVE.

Health Services and Resources Administration, Division of
Organ Transplantation. Room 11A-22, 5600 Fishers Lane,
Rockville, MD 20857.

United Network for Organ Sharing (UNOS). 1-800-24-
DONOR.

OTHER

Craven, John, and Susan Farrow. “Surviving Transplantation.”
SupportNET Publications, 1996-1997.

“Facts About Heart and Heart/Lung Transplants.” National
Heart, Lung, and Blood Institute. 27 Nov. 1998. 3 Mar.
1998 <http://www.nhlbi.nih.gov/index.htm>.
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“What Every Patient Needs to Know.” United Network for
Organ Sharing (UNOS). <http://www.unos.org/frame_
Default.asp?Category=Patients>.

Toni Rizzo

Heart tumors see Myxoma

I Heart valve repair
Definition

Heart valve repair is a surgical procedure used to cor-
rect a malfunctioning heart valve. Repair usually involves
separating the valve leaflets (the one-way “doors” of the
heart valve which open and close to pump blood through
the heart) or forcing them open with a balloon catheter, a
technique known as balloon valvuloplasty.

Purpose

To correct damage to the mitral, aortic, pulmonary,
or tricuspid heart valves caused by a systemic infection,
endocarditis, rheumatic heart disease, a congenital heart
defect, or mitral and/or aortic valve disease. Damaged
valves may not open properly (stenosis) or they may not
close adequately (valve regurgitation, insufficiency, or
incompetence).

Precautions

Patients who have a diseased heart valve that is
badly scarred or calcified may be better candidates for
valve replacement surgery.

Description

Heart valve repair is performed in a hospital setting
by a cardiac surgeon. During valve repair surgery, the
patient’s heart is stopped, and his/her blood is circulated
outside of the body through an extracorporeal bypass
circuit, also called heart-lung machine or just ‘“the
pump.” The extracorporeal circuit consists of tubing and
medical devices that take over the function of the
patient’s heart and lungs during the procedure. As blood
passes through the circuit, carbon dioxide is removed
from the bloodstream and replaced with oxygen. The
oxygenated blood is then returned to the body. Other
components may also be added to the circuit to filter flu-
ids from the blood or concentrate red blood cells.

In cases of valve disease where the leaflets have
become fused together, a procedure known as a valvulo-
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Heart valve replacement

KEY TERMS

Angiogram—An angiogram uses a radiopaque
substance, or dye, to make the blood vessels or
arteries visible under x ray.

Calcified—Hardened by calcium deposits.

Catheter—A long, thin, flexible tube used in
valvuloplasty to widen the valve opening.

Echocardiogram—Ultrasound of the heart; gener-
ates a picture of the heart through the use of
soundwaves.

Edema—Fluid accumulation in the body.

Scintigram—A nuclear angiogram; a scintigram
involves injection of a radioactive substance into
the patient’s circulatory system. As the substance
travels through the body, a special scanning cam-
era takes pictures.

Stenosis—Narrowing of the heart valve opening.

tomy is performed. In valvulotomy, the leaflets of the
valves are surgically separated, or partially resected, with
an incision to increase the size of the valve opening. The
surgeon may also make adjustments to the chordae, the
cord-like tissue that connects the valve leaflets to the
ventricle muscles, to improve valve function.

Another valve repair technique, balloon valvulo-
plasty, is used in patients with pulmonary, aortic, and
mitral valve stenosis to force open the valve. Valvulo-
plasty is similar to a cardiac angioplasty procedure in
that it involves the placement of a balloon-tipped catheter
into the heart. Once inserted into the valve, the balloon is
inflated and the valve dilates, or opens. Valvuloplasty
does not require a bypass circuit.

Preparation

A number of diagnostic tests may be administered
prior to valve repair surgery. Magnetic resonance imag-
ing (MRI), echocardiogram, angiogram, and/or scinti-
gram are used to help the surgeon get an accurate picture
of the extent of damage to the heart valve and the status
of the coronary arteries.

Aftercare

The patient’s blood pressure and vital signs will be
carefully monitored following a valve repair procedure,
and he or she watched closely for signs of edema or con-
gestive heart failure.
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Echocardiography or other diagnostic tests are
ordered for the patient at some point during or after surgery
to evaluate valvular function. A cardiac rehabilitation
program may also be recommended to assist the patient in
improving exercise tolerance after the procedure.

Risks

As with any invasive surgical procedure, hemorrhage,
infarction, stroke, heart attack, and infection are all possi-
ble complications of heart valve repair. The overall risks
involved with the surgery depend largely on the complexi-
ty of the procedure and physical condition of the patient.

Normal results

Ideally, a successful heart valve repair procedure
will return heart function to age-appropriate levels. If
valvuloplasty is performed, a follow-up valve repair or
replacement surgery may be necessary at a later date.

Resources

BOOKS
DeBakey, Michael E., and Antonio Gotto Jr. The New Living
Heart. Holbrook, MA: Adams Media Corporation, 1997.

Paula Anne Ford-Martin

I Heart valve replacement
Definition

Heart valve replacement is a surgical procedure dur-
ing which surgeons remove a damaged valve from the
heart and substitute a healthy one.

Purpose

Four valves direct blood to and from the body through
the heart: the aortic valve, the pulmonic valve, the tricus-
pid valve, and the mitral valve. Any of these valves may
malfunction because of a birth defect, infection, disease,
or trauma. When the malfunction is so severe that it inter-
feres with blood flow, an individual will have heart palpi-
tations, fainting spells, and/or difficulty breathing. These
symptoms will progressively worsen and cause death
unless the damaged valve is replaced surgically.

Precautions

Abnormal tricuspid valves usually are not replaced
because they do not cause serious symptoms. Mildly or
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even moderately diseased mitral valves may not need to
be replaced because their symptoms are tolerable or they
can be treated with such drugs as beta blockers or calci-
um antagonists, which slow the heart rate. However, a
severely diseased mitral valve should be repaired or
replaced unless the person is too ill to tolerate the opera-
tion because of another condition or illness.

Description

After cutting through and separating the breastbone
and ribs, surgeons place the patient on a cardiopul-
monary bypass machine, which will perform the func-
tions of the heart and lungs during the operation. They
then open the heart and locate the faulty valve. Slicing
around the edges of the valve, they loosen it from the ten-
dons that connect it to the rest of the heart and withdraw
it. The new valve is inserted and sutured into place. The
patient is then taken off the bypass machine and the chest
is closed. The surgery takes three to five hours and is
covered by most insurance plans.

There are three types of replacement valves. One
class is made from animal tissue, usually a pig’s aortic
valve. Another is mechanical and is made of metal and
plastic. The third, includes human valves that have been
removed from an organ donor or that, rarely, are the
patient’s own pulmonic valve.

There is no single ideal replacement valve. The
choice between an animal valve or a mechanical valve
depends largely on the age of the patient. Because valves
obtained from animals have a life expectancy of 7—15
years, they usually are given to older patients. Mechani-
cal valves are used in younger patients because they are
more durable. Because mechanical valves are made of
foreign material, however, blood clots can form on their
surface. Therefore, patients who receive these valves
must take anticoagulants the rest of their lives.

Donor or pulmonic valves are given only to those
patients who will deteriorate rapidly because of a nar-
rowing of the passageway between the aorta and the left
ventrical (aortic stenosis). These valves are limited in
their use because of the small supply available from
donors and the strain that could be caused by removing
and transferring a patient’s own pulmonic valve.

Preparation

Before patients undergo heart valve replacement,
they must be evaluated carefully for any signs that they
may not tolerate the surgery.

Preoperative tests include:

« electrocardiography, which assesses the electrical activi-
ty of the heart
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Open heart surgery showing replacement of a valve. (Photo-
graph byDavid Leah. Photo Researchers. Reproduced by per-
mission.)

« echocardiography, which uses sound waves to show the
extent of the obstruction of blood flow through the
heart and determine the degree of loss of heart function
due to the malfunctioning valve

« chest x ray, which provides an overall view of the
anatomy of the heart and the lungs

Cardiac catheterization may also be performed to
further asses the valve and to determine if coronary
bypass surgery should also be done.

Aftercare

A patient usually spends one to three days in the
hospital intensive care unit (ICU) after heart valve
replacement so that the working of his or her heart and
circulation can be monitored closely. When first brought
to the ICU after surgery, the patient undergoes a neuro-
logical examination to be sure he or she has not suffered
a stroke. The patient continues to breathe by means of a
tube inserted in the trachea at the time of surgery. This
mechanical ventilation is not withdrawn until the patient
is fully awake from anesthesia, shows signs that he or she
can breathe satisfactorily without mechanical support,
and has steadfast circulation.

Once stablilized, the patient is transferred to a stan-
dard medical/surgical unit where he or she receives drugs
that will prevent excess fluid from building up around the
heart. As soon as possible, the patient begins walking and
exercising to regain strength. He or she is also placed on
a diet that is low in salt and cholesterol.

After being released from the hospital, the patient
continues a daily exercise program that includes vigor-
ous walking, and he or she may also join a recommended
cardiac rehabilitation program. He or she usually can
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Heart valve replacement

KEY TERMS

Anticoagulants—Drugs that prevent blood clots
from forming.

Aortic valve—A fold in the channel leading from
the aorta to the left ventricle of the heart. The aortic
valve directs blood flow that has received oxygen
from the lungs to the aorta which transmits blood to
the rest of the body.

Cardiac catheterization—A thin tube called a
catheter is inserted into an artery or vein in the leg,
groin or arm. The catheter tube is carefully threaded
into the area of the heart needing surgical repair. A
local anaesthesia is used at the insertion sites.

Cardiopulmonary bypass machine—A mechanical
instrument that takes over the circulation of the
body while heart surgery is taking place.

Echocardiography—A diagnostic instrument that
assesses the structure of the heart using sound waves.

return to work or other normal activities within two
months of the surgery.

Risks

Complications following heart valve replacement are
not common, but can be serious. All valves made from
animal tissue will develop calcium deposits over time. If
these deposits hamper the function of the valve, it must be
replaced. Valves may become dislodged. Blood clots may
form on the surface of the substitute valve, break off into
the general circulation, and become wedged in an artery
supplying blood to the brain, kidneys, or legs. These
blood clots may cause fainting spells, stroke, kidney fail-
ure, or loss of circulation to the legs. These blood clots
can be treated with drugs or surgery.

Infection of heart muscle affects up to 2% of patients
who have heart valve replacement. Such an infection is
treated with intravenous antibiotics. If the infection per-
sists, the new valve may have to be replaced.

Normal results

Few patients die as a result of the surgery. Approxi-
mately 3% of all patients die during or immediately after
heart valve replacement, and less than 1% of patients
below the age of 65 die because of the operation. The
vast majority of patients who have heart valve replace-
ment return to normal activity after the surgery. Depend-
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Electrocardiography—A diagnostic instrument that
evaluates the function of the heart by measuring the
electrical activity generated by the beating of the
heart.

Mitral valve—A fold in between the left atrium and
the left ventricle of the heart that directs blood that
has received oxygen from the lungs to the aortic
valve and the aorta.

Pulmonic valve—A fold in the pulmonary artery
that directs blood to the lungs. It may be trans-
ferred to replace a severely diseased aortic valve
during heart valve replacement surgery for aortic
stenosis.

Tricuspid valve—A fold in between the right atrium
and the right ventricle of the heart that directs blood
that needs oxygen to the lungs.

ing on the type of valve they receive, these patients will
have no symptoms of valve abnormality for at least seven
years. Also, their quality of life will improve because
they may no longer have difficulty breathing, fainting
spells, or palpitations.

Resources

BOOKS

American Heart Association. American Heart Association’s
Your Heart: An Owner’s Manual. Englewood Cliffs, NJ:
Prentice Hall, 1991.

Schlant, Robert C., and Alexander, R. Wayne, eds. The Heart,
Arteries and Veins. 18th ed. New York: McGraw-Hill,
Inc., 1994.

Texas Heart Institute. Texas Heart Institute Heart Owner’s
Handbook. New York: John Wiley and Sons, 1996.

The Surgery Book: An Illustrated Guide to 73 of the Most Com-
mon Operations. Ed. Robert M. Younson, et al. New York:
St. Martin’s Press, 1993.

ORGANIZATIONS

The American College of Cardiology. 9111 Old Georgetown
Road, Bethesda, MD 20814. (800) 253-4636. <http://
WWW.acc.org>.

American College of Surgeons. 55 E. Erie St., Chicago, IL
60611. (312) 202-5000. <http://www.facs.org>.

American Heart Association. 7320 Greenville Ave. Dallas, TX
75231. (214) 373-6300. <http://www.americanheart.org>.

Karen Marie Sandrick
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I Heartburn
Definition

Heartburn is a burning sensation in the chest that can
extend to the neck, throat, and face; it is worsened by
bending or lying down. It is the primary symptom of gas-
troesophageal reflux, which is the movement of stomach
acid into the esophagus. On rare occasions, it is due to
gastritis (stomach lining inflammation).

Description

More than one third of the population is afflicted by
heartburn, with about one tenth afflicted daily. Infrequent
heartburn is usually without serious consequences, but
chronic or frequent heartburn (recurring more than twice
per week) can have severe consequences. Accordingly,
early management is important.

Understanding heartburn depends on understanding
the structure and action of the esophagus. The esophagus
is a tube connecting the throat to the stomach. It is about
10 in (25 cm) long in adults, lined with squamous (plate-
like) epithelial cells, coated with mucus, and surrounded
by muscles that push food to the stomach by sequential
waves of contraction (peristalsis). The lower esophageal
sphincter (LES) is a thick band of muscles that encircles
the esophagus just above the uppermost part of the stom-
ach. This sphincter is usually tightly closed and normally
opens only when food passes from the esophagus into the
stomach. Thus, the contents of the stomach are normally
kept from moving back into the esophagus.

The stomach has a thick mucous coating that pro-
tects it from the strong acid it secretes into its interior
when food is present, but the much thinner esophageal
coating doesn’t provide protection against acid. Thus, if
the LES opens inappropriately or fails to close complete-
ly, and stomach contents leak into the esophagus, the
esophagus can be burned by acid. The resulting burning
sensation is called heartburn.

Occasional heartburn has no serious long-lasting
effects, but repeated episodes of gastroesophageal reflux
can ultimately lead to esophageal inflammation
(esophagitis) and other damage. If episodes occur more
frequently than twice a week, and the esophagus is
repeatedly subjected to acid and digestive enzymes from
the stomach, ulcerations, scarring, and thickening of the
esophagus walls can result. This thickening of the esoph-
agus wall causes a narrowing of the interior of the esoph-
agus. Such narrowing affects swallowing and peristaltic
movements. Repeated irritation can also result in
changes in the types of cells that line the esophagus. The
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condition associated with these changes is termed Bar-
rett’s syndrome and can lead to esophageal cancer.

Causes and symptoms
Causes

A number of different factors may contribute to LES
malfunction with its consequent gastroesophageal acid
reflux:

« The eating of large meals that distend the stomach can
cause the LES to open inappropriately.

* Lying down within two to three hours of eating can
cause the LES to open.

* Obesity, pregnancy, and tight clothing can impair the
ability of the LES to stay closed by putting pressure on
the abdomen.

* Certain drugs, notably nicotine, alcohol, diazepam
(Valium), meperidine (Demerol), theophylline, mor-
phine, prostaglandins, calcium channel blockers,
nitrate heart medications, anticholinergic and adrener-
gic drugs (drugs that limit nerve reactions), including
dopamine, can relax the LES.

* Progesterone is thought to relax the LES.

* Greasy foods and some other foods such as chocolate,
coffee, and peppermint can relax the LES.

« Paralysis and scleroderma can cause the LES to mal-
function.

* Hiatus hernia may also cause heartburn according to
some gastroenterologists. (Hiatus hernia is a protrusion
of part of the stomach through the diaphragm to a posi-
tion next to the esophagus.).

Symptoms

Heartburn itself is a symptom. Other symptoms also
caused by gastroesophageal reflux can be associated with
heartburn. Often heartburn sufferers salivate excessively
or regurgitate stomach contents into their mouths, leav-
ing a sour or bitter taste. Frequent gastroesophageal
reflux leads to additional complications including diffi-
cult or painful swallowing, sore throat, hoarseness,
coughing, laryngitis, wheezing, asthma, pneumonia,
gingivitis, bad breath, and earache.

Diagnosis

Gastroenterologists and internists are best equipped
to diagnose and treat gastroesophageal reflux. Diagnosis
is usually based solely on patient histories that report
heartburn and other related symptoms. Additional diag-
nostic procedures can confirm the diagnosis and assess
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Heartburn

An illustration of foaming antacid on top of the contents of
a human stomach. Heartburn is caused by a backflow of the
stomach’s acidic contents into the esophagus, causing
inflammation and a sense of pain that can rise to the throat.
(lllustration by John Bavosi, Custom Medical Stock Photo.
Reproduced by permission.)

damage to the esophagus, as well as monitor healing
progress. The following diagnostic procedures are appro-
priate for anyone who has frequent, chronic, or difficult-
to-treat heartburn or any of the complicating symptoms
noted in the previous paragraph.

X rays taken after a patient swallows a barium sus-
pension can reveal esophageal narrowing, ulcerations or
a reflux episode as it occurs. However, this procedure
cannot detect the structural changes associated with dif-
ferent degrees of esophagitis. This diagnostic procedure
has traditionally been called the “upper GI series” or
“barium swallow” and costs about $250.00.

Esophagoscopy is a newer procedure that uses a thin
flexible tube to view the inside of the esophagus directly.
It should be done by a gastroenterologist or gastrointesti-
nal endoscopist and costs about $700. It gives an accu-
rate picture of any damage present and gives the physi-
cian the ability to distinguish between different degrees
of esophagitis.

Other tests may also be used. They include pressure
measurements of the LES; measurements of esophageal
acidity (pH), usually throughout a 24-hour period; and
microscopic examination of biopsied tissue from the
esophageal wall (to inspect esophageal cell structure for
Barrett’s syndrome and malignancies).

Note: A burning sensation in the chest is usually
heartburn and is not associated with the heart. However,
chest pain that radiates into the arms and is not accompa-
nied by regurgitation is a warning of a possible serious
heart problem. Anyone with these symptoms should con-
tact a doctor immediately.
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Treatment
Drugs

Occasional heartburn is probably best treated with
over-the-counter antacids. These products go straight to
the esophagus and immediately begin to decrease acidity.
However, they should not be used as the sole treatment
for heartburn sufferers who either have two or more
episodes per week or who suffer for periods of over three
weeks. There is a risk of kidney damage and other meta-
bolic changes.

H2 blockers (histamine receptor blockers, such as
Pepsid AC, Zantac, Tagamet) decrease stomach acid pro-
duction and are effective against heartburn. H2 blocker
treatment also allows healing of esophageal damage but
is not very effective when there is a high degree of dam-
age. It takes 30—45 minutes for these drugs to take effect,
so they must be taken prior to an episode. Thus, they
should be taken daily, usually two to four times per day
for several weeks. Six to twelve weeks of standard-dose
treatment relieves symptoms in about half the patients.
Higher doses relieve symptoms in a greater fraction of
the population, but at least 25% of heartburn sufferers are
not helped by H2 blockers.

Proton-pump inhibitors also inhibit acid production
by the stomach, but are much more effective than H2
blockers for some people. They are also more effective in
aiding the healing process. Esophagitis is healed in about
90% of the patients undergoing proton-pump inhibitor
treatment.

The long-term effects of inhibiting stomach acid
production are unknown. Without the antiseptic effects
of a consistently very acidic stomach environment, users
of H2 blockers or proton-pump inhibitors may become
more susceptible to bacterial and viral infection. Absorp-
tion of some drugs is also lowered by this less-acidic
environment.

Prokinetic agents (also known as motility drugs) act
on the LES, stimulating it to close more tightly, thereby
keeping stomach contents out of the esophagus. It is not
known how effectively these drugs promote healing.
Some of the early motility drugs had serious neurological
side effects, but a new drug, cisapride, seems to act only
on digestive system nerve connections.

Surgery

Fundoplication, a surgical procedure to increase
pressure on the LES by stretching and wrapping the
upper part of the stomach around the sphincter, is a treat-
ment of last resort. About 10% of heartburn sufferers
undergo this procedure. It is not always effective and its
effectiveness may decrease over time, especially several
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Barrett’s syndrome—Also called Barrett’s esopha-
gus or Barrett’s epithelia, this is a condition where
the squamous epithelial cells that normally line the
esophagus are replaced by thicker columnar epithe-
lial cells.

Digestive enzymes—Molecules that catalyze the
breakdown of large molecules (usually food) into
smaller molecules.

Esophagitis—Inflammation of the esophagus.

Fundoplication—A surgical procedure that increas-
es pressure on the LES by stretching and wrapping
the upper part of the stomach around the sphincter.

Gastroesophageal reflux—The flow of stomach
contents into the esophagus.

Hiatus hernia—A protrusion of part of the stomach
through the diaphragm to a position next to the
esophagus.

years after surgery. Dr. Robert Marks and his colleagues
at the University of Alabama reported in 1997 on the
long-term outcome of this procedure. They found that
64% of the patients in their study who had fundoplication
between 1992 and 1995 still suffered from heartburn and
reported an impaired quality of life after the surgery.

However, laparoscopy (an examination of the inte-
rior of the abdomen by means of the laparoscope) now
provides hope for better outcomes. Fundoplication per-
formed with a laparoscope is less invasive. Five small
incisions are required instead of one large incision.
Patients recover faster, and it is likely that studies will
show they suffer from fewer surgical complications.

Alternative treatment

Prevention, as outlined below, is a primary feature
for heartburn management in alternative medicine and
traditional medicine. Dietary adjustments can eliminate
many causes of heartburn.

Herbal remedies include bananas, aloe vera gel,
chamomile (Matricaria recutita), ginger (Zingiber offici-
nale), and citrus juices, but there is little agreement here.
For example, ginger, which seems to help some people,
is claimed by other practitioners to cause heartburn and
is thought to relax the LES. There are also many recom-
mendations to avoid citrus juices, which are themselves
acidic. Licorice (Glycyrrhiza uralensis) can help relieve
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Metabolic—Refers to the chemical reactions in liv-
ing things.

Mucus—Thick, viscous, gel-like material that func-
tions to moisten and protect inner body surfaces.

Peristalsis—A sequence of muscle contractions that
progressively squeeze one small section of the
digestive tract and then the next to push food along
the tract, something like pushing toothpaste out of
its tube.

Scleroderma—An autoimmune disease with many
consequences, including esophageal wall thicken-

ing.

Squamous epithelial cells—Thin, flat cells found in
layers or sheets covering surfaces such as skin and
the linings of blood vessels and esophagus.

Ulceration—An open break in surface tissue.

the symptoms of heartburn by reestablishing balance in
the acid output of the stomach.

Several homeopathic remedies are useful in treating
heartburn symptoms. Among those most often recom-
mended are Nux vomica, Carbo vegetabilis, and Arsenicum
album. Acupressure and acupuncture may also be helpful
in treating heartburn.

Sodium bicarbonate (baking soda) is an inexpensive
alternative to use as an antacid. It reduces esophageal
acidity immediately, but its effect is not long-lasting and
should not be used by people on sodium-restricted diets.

Prognosis

The prognosis for people who get heartburn only
occasionally or people without esophageal damage is
excellent. The prognosis for people with esophageal
damage who become involved in a treatment program
that promotes healing is also excellent. The prognosis for
anyone with esophageal cancer is very poor. There is a
strong likelihood of a painful illness and a less than 5%
chance of surviving more than five years.

Prevention

Given the lack of completely satisfactory treatments
for heartburn or its consequences and the lack of a cure
for esophageal cancer, prevention is of the utmost impor-
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tance. Proponents of traditional and alternative medicine
agree that people disposed to heartburn should:

* avoid eating large meals

« avoid alcohol, caffeine, fatty foods, fried foods, hot or
spicy foods, chocolate, peppermint, and nicotine

« avoid drugs known to contribute to heartburn, such as
nitrates (heart medications like Isonate and Nitrocap),
calcium channel blockers (e.g., Cardizem and Procar-
dia), and anticholinergic drugs (e.g., Pro-banthine and
Bentyl), and check with their doctors about any drugs
they are taking

« avoid clothing that fits tightly around the abdomen
» control body weight

« wait about three hours after eating before going to bed
or lying down

» elevate the head of the bed 6-9 inches to alleviate heart-
burn at night. This can be done with bricks under the
bed or with a wedge designed for this purpose

Resources

BOOKS

Castell, Donald O. The Esophagus. Boston: Little, Brown, and
Co., 1995.

Wolfe, M. Michael, and Thomas Nesi. The Fire Inside: Extin-
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(July 1997): 327-332.
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Heat cramps see Heat disorders
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I Heat disorders
Definition

Heat disorders are a group of physically related ill-
nesses caused by prolonged exposure to hot tempera-
tures, restricted fluid intake, or failure of temperature
regulation mechanisms of the body. Disorders of heat
exposure include heat cramps, heat exhaustion, and heat
stroke (also called sunstroke). Hyperthermia is the gen-
eral name given to heat-related illnesses. The two most
common forms of hyperthermia are heat exhaustion and
heat stroke, which is especially dangerous and requires
immediate medical attention.

Description

Heat disorders are harmful to people of all ages, but
their severity is likely to increase as people age. Heat
cramps in a 16-year-old may be heat exhaustion in a 45-
year-old and heat stroke in a 65-year-old. The body’s
temperature regulating mechanisms rely on the thermal
regulating centers in the brain. Through these complex
centers, the body tries to adapt to high temperatures by
adjusting the amount of salt in the perspiration. Salt
helps the cells in body tissues retain water. In hot weath-
er, a healthy body will lose enough water to cool the
body while creating the lowest level of chemical imbal-
ance. Regardless of extreme weather conditions, the
healthy human body keeps a steady temperature of
approximately 98.6°F (37°C). In hot weather, or during
vigorous activity, the body perspires. As perspiration
evaporates from the skin, the body is cooled. If the body
loses too much salt and fluids, the symptoms of dehy-
dration can occur.

Heat cramps

Heat cramps are the least severe of the heat-related
illnesses. This heat disorder is often the first signal that
the body is having difficulty with increased temperature.
Individuals exposed to excessive heat should think of
heat cramps as a warning sign to a potential heat-related
emergency.

Heat exhaustion

Heat exhaustion is a more serious and complex con-
dition than heat cramps. Heat exhaustion can result from
prolonged exposure to hot temperatures, restricted fluid
intake, or failure of temperature regulation mechanisms
of the body. It often affects athletes, firefighters, con-
struction workers, factory workers, and anyone who
wears heavy clothing in hot humid weather.
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Heat stroke

Heat exhaustion can develop rapidly into heat
stroke. Heat stroke can be life threatening and because
the percentage of victims dying from heat stroke is very
high, immediate medical attention is critical when prob-
lems first begin. Heat stroke, like heat exhaustion, is also
a result of prolonged exposure to hot temperatures,
restricted fluid intake, or failure of temperature regula-
tion mechanisms of the body. However, the severity of
impact on the body is much greater with heat stroke.

Causes and symptoms
Heat cramps

Heat cramps are painful muscle spasms caused by
the excessive loss of salts (electrolytes), due to heavy
perspiration. The muscle tissue becomes less flexible,
causing pain, difficult movement, and involuntary tight-
ness. Heavy exertion in extreme heat, restricted fluid
intake, or failure of temperature regulation mechanisms
of the body may lead to heat cramps. This disorder
occurs more often in the legs and abdomen than in other
areas of the body. Individuals at higher risk are those
working in extreme heat, elderly people, young children,
people with health problems, and those who are unable
to naturally and properly cool their bodies. Individuals
with poor circulation and who take medications to reduce
excess body fluids can be at risk when conditions are hot
and humid.

Heat exhaustion

Heat exhaustion is caused by exposure to high heat
and humidity for many hours, resulting in excessive loss
of fluids and salts through heavy perspiration. The skin
may appear cool, moist, and pale. The individual may
complain of headache and nausea with a feeling of over-
all weakness and exhaustion. Dizziness, faintness, and
mental confusion are often present, as is rapid and weak
pulse. Breathing becomes fast and shallow. Fluid loss
reduces blood volume and lowers blood pressure. Yellow
or orange urine often is a result of inadequate fluid
intake, along with associated intense thirst. Insufficient
water and salt intake or a deficiency in the production of
sweat place an individual at high risk for heat exhaustion.

Heat stroke

Heat stroke is caused by overexposure to extreme
heat, resulting in a breakdown in the body’s heat regulat-
ing mechanisms. The body’s temperature reaches a dan-
gerous level, as high as 106°F (41.1°C). An individual
with heat stroke has a body temperature higher than
104°F (40°C). Other symptoms include mental confusion
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Convulsions—Also termed seizures; a sudden vio-
lent contraction of a group of muscles.

Electrolytes—An element or compound that when
melted or dissolved in water dissociates into ions
and is able to conduct an electrical current. Care-
ful and regular monitoring of electrolytes and
intravenous replacement of fluid and electrolytes
are part of the acute care in many illnesses.

Rehydration—The restoration of water or fluid to a
body that has become dehydrated.

with possible combativeness and bizarre behavior, stag-
gering, and faintness.

The pulse becomes strong and rapid (160—180 beats
per minute) with the skin taking on a dry and flushed
appearance. There is often very little perspiration. The
individual can quickly lose consciousness or have con-
vulsions. Before heat-stroke, an individual suffers from
heat exhaustion and the associated symptoms. When the
body can no longer maintain a normal temperature, heat
exhaustion becomes heat-stroke. Heat stroke is a life-
threatening medical emergency that requires immediate
initiation of life-saving measures.

Diagnosis

The diagnosis of heat cramps usually involves the
observation of individual symptoms such as muscle
cramping and thirst. Diagnosis of heat exhaustion or heat
stroke, however, may require a physician to review the
medical history, document symptoms, and obtain a blood
pressure and temperature reading. The physician may
also take blood and urine samples for further laboratory
testing. A test to measure the body’s electrolytes can also
give valuable information about chemical imbalances
caused by the heat-related illness.

Treatment
Heat cramps

The care of heat cramps includes placing the indi-
vidual at rest in a cool environment, while giving cool
water with a teaspoon of salt per quart, or a commercial
sports drink. Usually rest and liquids are all that is need-
ed for the patient to recover. Mild stretching and massag-
ing of the muscle area follows once the condition
improves. The individual should not take salt tablets,
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Heat treatments

since this may actually worsen the condition. When the
cramps stop, the person can usually start activity again if
there are no other signs of illness. The individual needs
to continue drinking fluids and should be watched care-
fully for further signs of heat-related illnesses.

Heat exhaustion

The individual suffering from heat exhaustion
should stop all physical activity and move immediately
to a cool place out of the sun, preferably a cool, air-con-
ditioned location. She or he should then lay down with
feet slightly elevated, remove or loosen clothing, and
drink cold (but not iced), slightly salty water or commer-
cial sports drink. Rest and replacement of fluids and salt
is usually all the treatment that is needed, and hospital-
ization is rarely required. Following rehydration, the per-
son usually recovers rapidly.

Heat stroke

Simply moving the individual afflicted with heat
stroke to a cooler place is not enough to reverse the inter-
nal overheating. Emergency medical assistance should
be called immediately. While waiting for help to arrive,
quick action to lower body temperature must take place.
Treatment involves getting the victim to a cool place,
loosening clothes or undressing the heat stroke victim,
and allowing air to circulate around the body. The next
important step is wrapping the individual in wet towels
or clothing, and placing ice packs in areas with the great-
est blood supply. These areas include the neck, under the
arm and knees, and in the groin. Once the patient is under
medical care, cooling treatments may continue as
appropriate. The victim’s body temperature will be moni-
tored constantly to guard against overcooling. Breathing
and heart rate will be monitored closely, and fluids and
electrolytes will be replaced intravenously. Anti-convul-
sant drugs may be given. After severe heat stroke, bed
rest may be recommended for several days.

Prognosis

Prompt treatment for heat cramps is usually very
effective with the individual returning to activity there-
after. Treatment of heat exhaustion usually brings full
recovery in one to two days. Heatstroke is a very serious
condition and its outcome depends upon general health
and age. Due to the high internal temperature of heat
stroke, permanent damage to internal organs is possible.

Prevention

Because heat cramps, heat exhaustion, and heat stroke
have a cascade effect on each other, the prevention of the
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onset of all heat disorders is similar. Avoid strenuous exer-
cise when it is very hot. Individuals exposed to extreme
heat conditions should drink plenty of fluids. Wearing
light and loose-fitting clothing in hot weather is important,
regardless of the activity. It is important to consume water
often and not to wait until thirst develops. If perspiration is
excessive, fluid intake should be increased. When urine
output decreases, fluid intake should also increase. Eating
lightly salted foods can help replace salts lost through per-
spiration. Ventilation in any working areas in warm weath-
er must be adequate. This can be achieved as simply as
opening a window or using an electric fan. Proper ventila-
tion will promote adequate sweat evaporation to cool the
skin. Sunblocks and sunscreens with a protection factor of
15 (SPF 15) can be very helpful when one is exposed to
extreme direct sunlight.

Resources

BOOKS

American Red Cross. Standard First Aid. St. Louis: Mosby
Year Book, 1993.

Larson, David E., ed. Mayo Clinic Family Health Book. 2nd ed.
New York: William Morrow, 1996.

Morris, M., M. Walsh, and Shelton G. Walsh. The Team Physi-
cians Hand Book. Philadelphia: Hanley & Belfus, 1990.

OTHER
Griffith, H. Winter. “Complete Guide to Symptoms, Illness &
Surgery.” ThriveOnline. <http://thriveonline.oxygen.com>.

Jeffrey P. Larson, RPT

Heat exhaustion see Heat disorders

I Heat treatments
Definition

Heat treatments are applications of therapeutic ther-
mal agents to specific body areas experiencing injury or
dysfunction.

Purpose

The general purpose of a heat treatment is to
increase the extensibility of soft tissues, remove toxins
from cells, enhance blood flow, increase function of the
tissue cells, encourage muscle relaxation, and help
relieve pain. There are two types of heat treatments:
superficial and deep. Superficial heat treatments apply
heat to the outside of the body. Deep heat treatments
direct heat toward specific inner tissues through ultra-
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sound or by electric current.Heat treatments are benefi-
cial prior to exercise, providing a warm-up effect to the
soft tissues involved.

Precautions

Heat treatments should not be used on individuals
with circulation problems, heat intolerance, or lack of
sensation in the affected area. Low blood circulation may
contribute to heat-related injuries. Heat treatments also
should not be used on individuals afflicted with heart,
lung, or kidney diseases. Deep heat treatments should not
be used on areas above the eye, heart, or on a pregnant
patient. Deep heat treatments over areas with metal sur-
gical implants should be avoided in case of rapid temper-
ature increase and subsequent injury.

Description

There are four different ways to convey heat:

« Conduction is the transfer of heat between two objects
in direct contact with each other.

« Conversion is the transition of one form of energy to heat.

« Radiation involves the transmission and absorption of
electromagnetic waves to produce a heating effect.

« Convection occurs when a liquid or gas moves past a
body part creating heat.

Hot packs, water bottles, and heating pads

Hot packs are a very common form of heat treatment
utilizing conduction as a form of heat transfer. Moist heat
packs are readily available in most hospitals, physical
therapy centers, and athletic training rooms. Treatment
temperature should not exceed 131°F (55°C). The pack
is used over multiple layers of toweling to achieve a
comfortable warming effect for approximately 30 min-
utes. More recently, several manufacturers have devel-
oped packs that may be warmed in a microwave over a
specified amount of time prior to use.

Hot-water bottles are another form of superficial
heat treatment. The bottles are filled half way with hot
water between 115-125°F (46.1-52°C). Covered by a
protective toweling, the hot-water bottle is placed on the
treatment area and left until the water has cooled off.

Electrical heating pads continue to be used, however
because of the need for an electrical outlet, safety and
convenience become an issue.

Paraffin

Paraffin, a conductive form of superficial heat, is
often used for heating uneven surfaces of the body such
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as the hands. It consists of melted paraffin wax and min-
eral oil. Paraffin placed in a small bath unit becomes
solid at room temperature and is used as a liquid heat
treatment when heated at 126—127.4°F (52-53°C). The
most common form of paraffin application is called the
dip and wax method. In this technique, the patient will
dip eight to 12 times and then the extremity will be cov-
ered with a plastic bag and a towel for insulation. Most
treatment sessions are about 20 minutes.

Hydrotherapy

Hydrotherapy is used in a form of heat treatment
for many musculoskeletal disorders. The hydrotherapy
tanks and pools are all generally set at warm tempera-
tures, never exceeding 150°F (65.6°C). Because the
patient often performs resistance exercises while in the
water, higher water temperatures become a concern as
the treatment becomes more physically draining.
Because of this, many hydrotherapy baths are now being
set at 95—110°F (35-43.3°C). There are also units avail-
able with moveable turbine jets, which provide a light
massage effect. Hydrotherapy is helpful as a warm-up
prior to exercise.

Fluidotherapy

Fluidotherapy is a form of heat treatment developed
in the 1970s. It is a dry heat modality consisting of cellu-
lose particles suspended in air. Units come in different
sizes and some are restricted to only treating a hand or
foot. The turbulence of the gas-solid mixture provides
thermal contact with objects that are immersed in the
medium. Temperatures of this treatment range from
110-123°F (43.3-50.5°C). Fluidotherapy allows the
patient to exercise the limb during the treatment, and also
massages the limb, increasing blood flow.

Ultrasound

Ultrasound heat treatments penetrate the body to pro-
vide relief to inner tissue. Ultrasound energy comes from
the acoustic or sound spectrum and is undetectable to the
human ear. By using conducting agents such as gel or
mineral oil, the ultrasound transducer warms areas of the
musculoskeletal system Some areas of the musculoskele-
tal system absorb ultrasound better that others. Muscle
tissue and other connective tissue such as ligaments and
tendons absorb this form of energy very well, however fat
absorbs to a much lesser degree. Ultrasound has a rela-
tively longlasting effect, continuing up to one hour.

Diathermy

Diathermy is another deep heat treatment. An elec-
trode drum is used to apply heat to an affected area. It
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Heavy metal poisoning

consists of a wire coil surrounded by dead space and
other insulators such as a plastic housing. Plenty of tow-
eling must be layered between the unit and the patient.
This device is unique in that it utilizes the basis of a mag-
netic field on connective tissues. One advantage of
diathermy over various other heat treatments is that fat
does resist an electrical field, which is not the case with a
magnetic field. It is found to be helpful with those expe-
riencing chronic low back pain and muscle spasms.

Prior to ultrasound technology, diathermy was a popular
heat therapy of the 1940s—1960s.

Preparation

Before administering any form of heat treatment,
heat sensitivity is accessed and the skin over the affected
area is cleansed. When a patient is undergoing any form
of heat treatment, supervision should always be present
especially in the treatment of hydrotherapy.

Aftercare

Once the heat treatment has been completed, any
symptoms of dizziness and nausea should be noted and
documented along with any skin irritations or discoloring
not present prior to the heat treatment. A one hour inter-
val between treatments should be adhered to in order to
avoid restriction of blood flow.

Risks

All heat treatments have the potential of tissue dam-
age resulting from excessive temperatures. Proper insu-
lation and treatment duration should be carefully admin-
istered for each method. Overexposure during a superfi-
cial heat treatment may result in redness, blisters, burns,
or reduced blood circulation. During ultrasound therapy,
excessive treatment over bony areas with little soft tis-
sue (such as hand, feet, and elbow) can cause excessive
heat resulting in pain and possible tissue damage. Expo-
sure to the electrode drum during diathermy may pro-
duce hot spots.

Resources
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Heatstroke see Heat disorders

Heavy menstruation see Dysfunctional
uterine bleeding

I Heavy metal poisoning
Definition

Heavy metal poisoning is the toxic accumulation of
heavy metals in the soft tissues of the body.

Description

Heavy metals are chemical elements that have a spe-
cific gravity (a measure of density) at least five times that
of water. The heavy metals most often implicated in
human poisoning are lead, mercury, arsenic, and cadmi-
um. Some heavy metals, such as zinc, copper, chromium,
iron, and manganese, are required by the body in small
amounts, but these same elements can be toxic in larger
quantities.

Heavy metals may enter the body in food, water,
or air, or by absorption through the skin. Once in the
body, they compete with and displace essential miner-
als such as zinc, copper, magnesium, and calcium, and
interfere with organ system function. People may
come in contact with heavy metals in industrial work,
pharmaceutical manufacturing, and agriculture. Chil-
dren may be poisoned as a result of playing in contam-
inated soil.

Causes and symptoms

Symptoms will vary, depending on the nature and
the quantity of the heavy metal ingested. Patients may
complain of nausea, vomiting, diarrhea, stomach pain,
headache, sweating, and a metallic taste in the mouth.
Depending on the metal, there may be blue-black lines in
the gum tissues. In severe cases, patients exhibit obvious
impairment of cognitive, motor, and language skills. The
expression “mad as a hatter” comes from the mercury
poisoning prevalent in 17th century France among hat-
makers who soaked animal hides in a solution of mer-
curic nitrate to soften the hair.
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Diagnosis

Heavy metal poisoning may be detected using blood
and urine tests, hair and tissue analysis, or X ray.

In childhood, blood lead levels above 80 pg/dL gen-
erally indicate lead poisoning, however, significantly
lower levels (>.30 ng/dL) can cause mental retardation
and other cognitive and behavioral problems in affected
children. The Centers for Disease Control and Pevention
considers a blood lead level of 10 pg/dL or higher in chil-
dren a cause for concern. In adults, symptoms of lead
poisoning are usually seen when blood lead levels exceed
80 pg/dL for a number of weeks.

Blood levels of mercury should not exceed 3.6
pg/dL, while urine levels should not exceed 15 pg/dL.
Symptoms of mercury poisoning may be seen when mer-
cury levels exceed 20 pg/dL in blood and 60 pg/dL in
urine. Mercury levels in hair may be used to gauge the
severity of chronic mercury exposure.

Since arsenic is rapidly cleared from the blood,
blood arsenic levels may not be very useful in diagnosis.
Arsenic in the urine (measured in a 24-hour collection
following 48 hours without eating seafood) may exceed
50 pg/dL in people with arsenic poisoning. If acute
arsenic poisoning is suspected, an x ray may reveal
ingested arsenic in the abdomen (since arsenic is opaque
to X rays). Arsenic may also be detected in the hair and
nails for months following exposure.

Cadmium toxicity is generally indicated when urine
levels exceed 10 pg/dL of creatinine and blood levels
exceed 5 pg/dL.

Treatment

The treatment for most heavy metal poisoning is
chelation therapy. A chelating agent specific to the
metal involved is given either orally, intramuscularly, or
intravenously. The three most common chelating agents
are calcium disodium edetate, dimercaprol (BAL), and
penicillamine. The chelating agent encircles and binds to
the metal in the body’s tissues, forming a complex; that
complex is then released from the tissue to travel in the
bloodstream. The complex is filtered out of the blood by
the kidneys and excreted in the urine. This process may
be lengthy and painful, and typically requires hospital-
ization. Chelation therapy is effective in treating lead,
mercury, and arsenic poisoning, but is not useful in treat-
ing cadmium poisoning. To date, no treatment has been
proven effective for cadmium poisoning.

In cases of acute mercury or arsenic ingestion,
vomiting may be induced. Washing out the stomach
(gastric lavage) may also be useful. The patient may
also require treatment such as intravenous fluids for

GALE ENCYCLOPEDIA OF MEDICINE 2

KEY TERMS

Chelation—The process by which a molecule
encircles and binds to a metal and removes it from
tissue.

Heavy metal—One of 23 chemical elements that
has a specific gravity (a measure of density) at least
five times that of water.

complications of poisoning such as shock, anemia, and
kidney failure.

Prognosis

The chelation process can only halt further effects of
the poisoning; it cannot reverse neurological damage
already sustained.

Prevention

Because exposure to heavy metals is often an
occupational hazard, protective clothing and respira-
tors should be provided and worn on the job. Protec-
tive clothing should then be left at the work site and
not worn home, where it could carry toxic dust to
family members. Industries are urged to reduce or
replace the heavy metals in their processes wherever
possible. Exposure to environmental sources of lead,
including lead-based paints, plumbing fixtures, vehi-
cle exhaust, and contaminated soil, should be reduced
or eliminated.

Resources

BOOKS
Harrison’s Principles of Internal Medicine. Ed. Anthony S.
Fauci, et al. New York: McGraw-Hill, 1997.

ORGANIZATIONS

Food and Drug Administration. Office of Inquiry and Con-
sumer Information. 5600 Fisher Lane, Room 12-A-40,
Rockville, MD 20857. (301) 827-4420. <http://www.fda.
gov/fdahomepage.html>.

National Institutes of Health. National Institute of Environmen-
tal Health Sciences Clearinghouse. EnviroHealth, 2605
Meridian Parkway, Suite 115, Durham, NC 27713. (919)
361-9408.

National Organization for Rare Disorders. PO Box 8923, New
Fairfield, CT 06812-8923. (800) 999-6673. <http://www.
rarediseases.org>.

Bethany Thivierge
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Heel spurs

I Heel spurs
Definition

A heel spur is a bony projection on the sole (plantar)
region of the heel bone (also known as the calcaneous).
This condition may accompany or result from severe
cases of inflammation to the structure called plantar fas-
cia. This associated plantar fascia is a fibrous band of
connective tissue on the sole of the foot, extending from
the heel to the toes.

Description

Heel spurs are a common foot problem resulting
from excess bone growth on the heel bone. The bone
growth is usually located on the underside of the heel
bone, extending forward to the toes. One explanation for
this excess production of bone is a painful tearing of the
plantar fascia connected between the toes and heel. This
can result in either a heel spur or an inflammation of the
plantar fascia, medically termed plantar fascitis. Because
this condition is often correlated to a decrease in the arch
of the foot, it is more prevalent after the age of six to
eight years, when the arch is fully developed.

Causes and symptoms

One frequent cause of heel spurs is an abnormal
motion and mal-alignment of the foot called pronation.
For the foot to function properly, a certain degree of
pronation is required. This motion is defined as an
inward action of the foot, with dropping of the inside
arch as one plants the heel and advances the weight dis-
tribution to the toes during walking. When foot prona-
tion becomes extreme from the foot turning in and drop-
ping beyond the normal limit, a condition known as
excessive pronation creates a mechanical problem in the
foot. In some cases the sole or bottom of the foot flattens
and becomes unstable because of this excess pronation,
especially during critical times of walking and athletic
activities. The portion of the plantar fascia attached into
the heel bone or calcaneous begins to stretch and pull
away from the heel bone.

At the onset of this condition, pain and swelling
become present, with discomfort particularly noted as
pushing off with the toes occurs during walking. This
movement of the foot stretches the fascia that is already
irritated and inflamed. If this condition is allowed to con-
tinue, pain is noticed around the heel region because of
the newly formed bone, in response to the stress. This
results in the development of the heel spur. It is common
among athletes and others who run and jump a signifi-
cant amount.
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llustration of bony projection, a spur, which developed from
chronic irritation. (Photo Researchers. Reproduced by permis-
sion.)

An individual with the lower legs angulating inward, a
condition called genu valgus or “knock knees,” can have a
tendency toward excessive pronation. As a result, this too
can lead to a fallen arch resulting in plantar fascitis and heel
spurs. Women tend to have more genu valgus than men do.
Heel spurs can also result from an abnormally high arch.

Other factors leading to heel spurs include a sudden
increase in daily activities, an increase in weight, or a
change of shoes. Dramatic increase in training intensity
or duration may cause plantar fascitis. Shoes that are too
flexible in the middle of the arch or shoes that bend
before the toe joints will cause an increase in tension in
the plantar fascia and possibly lead to heel spurs.

The pain this condition causes forces an individual to
attempt walking on his or her toes or ball of the foot to
avoid pressure on the heel spur. This can lead to other
compensations during walking or running that in turn
cause additional problems to the ankle, knee, hip, or back.
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Diagnosis

A thorough medical history and physical exam by a
physician is always necessary for the proper diagnosis of
heel spurs and other foot conditions. X rays of the heel
area are helpful, as excess bone production will be visible.

Treatment
Conservative

Heel spurs and plantar fascitis are usually controlled
with conservative treatment. Early intervention includes
stretching the calf muscles while avoiding re-injuring the
plantar fascia. Decreasing or changing activities, losing
excess weight, and improving the proper fitting of shoes
are all important measures to decrease this common
source of foot pain. Modification of footwear includes
shoes with a raised heel and better arch support. Shoe
orthotics recommended by a healthcare professional are
often very helpful in conjunction with exercises to
increase strength of the foot muscles and arch. The
orthotic prevents excess pronation and lengthening of the
plantar fascia and continued tearing of this structure. To
aid in this reduction of inflammation, applying ice for
10—15 minutes after activities and use of anti-inflamma-
tory medication can be helpful. Physical therapy can be
beneficial with the use of heat modalities, such as ultra-
sound that creates a deep heat and reduces inflammation.
If the pain caused by inflammation is constant, keeping
the foot raised above the heart and/or compressed by
wrapping with an ace bandage will help.

Corticosteroid injections are also frequently used to
reduce pain and inflammation. Taping can help speed the
healing process by protecting the fascia from reinjury,
especially during stretching and walking.

Heel surgery

When chronic heel pain fails to respond to conserva-
tive treatment, surgical treatment may be necessary. Heel
surgery can provide relief of pain and restore mobility.
The type of procedure used is based on examination and
usually consists of releasing the excessive tightness of
the plantar fascia, called a plantar fascia release. Depend-
ing on the presence of excess bony build up, the proce-
dure may or may not include removal of heel spurs. Sim-
ilar to other surgical interventions, there are various
modifications and surgical enhancements regarding
surgery of the heel.

Alternative treatment
Acupuncture and accupressure have been used to

address the pain of heel spurs, in addition to using fric-
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KEY TERMS

Calcaneous—The heel bone.

Genu valgus—Deformity in which the legs are
curved inward so that the knees are close together,
nearly or actually knocking as a person walks with
ankles widely apart of each other.

Plantar fascia—A tough fibrous band of tissue sur-
rounding the muscles of the sole of the foot. Also
called plantar aponeurosis.

Pronation—The lowering or descending of the
inner edge of the foot by turning the entire foot
outwards.

tion massage to help break up scar tissue and delay onset
of bony formations.

Prognosis

Usually, heel spurs are curable with conservative
treatment. If not, heel spurs are curable with surgery.
About 10% of those that continue to see a physician for
plantar fascitis have it for more than a year. If there is lim-
ited success after approximately one year of conservative
treatment, patients are often advised to have surgery.

Prevention

To prevent this condition, wearing shoes with proper
arches and support is very important. Proper stretching is
always a necessity, especially when there is an increase in
activities or a change in running technique. It is not rec-
ommended to attempt working through the pain, as this
can change a mild case of heel spurs and plantar fascitis
into a long lasting and painful episode of this condition.

Resources

BOOKS

Perkins, Kenneth E. “Lower Extremity Orthotics in Geriatric
Rehabilitation.” In Geriatric Physical Therapy. Ed.
Andrew Guccione. St. Louis: Mosby Year Book Inc, 1993.

PERIODICALS
Feeny, Tracy. “If The Shoe Fits.” Advance Magazine for Physi-
cal Therapists, July 1997, 7.

ORGANIZATIONS

American Orthopedic Foot and Ankle Society. 222 South
Prospect, Park Ridge, IL 60068.

American Podiatry Medical Association. 9312 Old George-
town Road, Bethesda, MD 20814.
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Heimlich maneuver

OTHER
Roberts, Scott. “Plantar Fascitis.” Heelspurs.com. 1998. 9 Apr.
1998 <http://www.heelspurs.com>.

Jeffrey P. Larson, RPT

I Heimlich maneuver
Definition

The Heimlich maneuver is an emergency procedure
for removing a foreign object lodged in the airway that is
preventing a person from breathing.

Purpose

Every year about 3,000 adults die because they acci-
dentally inhale rather than swallow food. The food gets
stuck and blocks their trachea, making breathing impossi-
ble. Death follows rapidly unless the food or other foreign
material can be displaced from the airway. This condition
is so common it has been nicknamed the “cafe coronary.”

In 1974 Dr. Henry Heimlich first described an emer-
gency technique for expelling foreign material blocking
the trachea. This technique, now called the Heimlich
maneuver or abdominal thrusts, is simple enough that it
can be performed immediately by anyone trained in the
maneuver. The Heimlich maneuver is a standard part of
all first aid courses.

The theory behind the Heimlich maneuver is that by
compressing the abdomen below the level of the
diaphragm, air is forced under pressure out of the lungs
dislodging the obstruction in the trachea and bringing the
foreign material back up into the mouth.

The Heimlich maneuver is used mainly when solid
material like food, coins, vomit, or small toys are block-
ing the airway. There has been some controversy about
whether the Heimlich maneuver is appropriate to use
routinely on near-drowning victims. After several stud-
ies of the effectiveness of the Heimlich maneuver on
reestablishing breathing in near-drowning victims, the
American Red Cross and the American Heart Associa-
tion both recommend that the Heimlich maneuver be
used only as a last resort after traditional airway clear-
ance techniques and cardiopulmonary resuscitation
(CPR) have been tried repeatedly and failed or if it is
clear that a solid foreign object is blocking the airway.

Precautions

Incorrect application of the Heimlich maneuver can
damage the chest, ribs, and internal organs of the person
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on whom it is performed. People may also vomit after
being treated with the Heimlich maneuver.

Description

The Heimlich maneuver can be performed on all
people. Modifications are necessary if the choking vic-
tim is very obese, pregnant, a child, or an infant.

Indications that a person’s airway is blocked
include:

* The person can not speak or cry out.
» The person’s face turns blue from lack of oxygen.
* The person desperately grabs at his or her throat.

 The person has a weak cough, and labored breathing
produces a high-pitched noise.

* The person does all of the above, then becomes uncon-
scious.

Performing the Heimlich maneuver on adults

To perform the Heimlich maneuver on a conscious
adult, the rescuer stands behind the victim. The victim
may either be sitting or standing. The rescuer makes a
fist with one hand, and places it, thumb toward the vic-
tim, below the rib cage and above the waist. The rescuer
encircles the victim’s waist, placing his other hand on top
of the fist.

In a series of 6-10 sharp and distinct thrusts upward
and inward, the rescuer attempts to develop enough pres-
sure to force the foreign object back up the trachea. If the
maneuver fails, it is repeated. It is important not to give
up if the first attempt fails. As the victim is deprived of
oxygen, the muscles of the trachea relax slightly.
Because of this loosening, it is possible that the foreign
object may be expelled on a second or third attempt.

If the victim is unconscious, the rescuer should lay
him or her on the floor, bend the chin forward, make sure
the tongue is not blocking the airway, and feel in the
mouth for foreign objects, being careful not to push any
farther into the airway. The rescuer kneels astride the vic-
tim’s thighs and places his fists between the bottom of
the victim’s breastbone and the navel. The rescuer then
executes a series of 610 sharp compressions by pushing
inward and upward.

After the abdominal thrusts, the rescuer repeats the
process of lifting the chin, moving the tongue, feeling for
and possibly removing the foreign material. If the airway
is not clear, the rescuer repeats the abdominal thrusts as
often as necessary. If the foreign object has been
removed, but the victim is not breathing, the rescuer
starts CPR.
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Performing the Heimlich maneuver under special
circumstances

OBVIOUSLY PREGNANT AND VERY OBESE PEOPLE.
The main difference in performing the Heimlich maneu-
ver on this group of people is in the placement of the
fists. Instead of using abdominal thrusts, chest thrusts are
used. The fists are placed against the middle of the
breastbone, and the motion of the chest thrust is in and
downward, rather than upward. If the victim is uncon-
scious, the chest thrusts are similar to those used in CPR.

CHILDREN. The technique in children over one year
of age is the same as in adults, except that the amount of
force used is less than that used with adults in order to
avoid damaging the child’s ribs, breastbone, and internal
organs.

INFANTS UNDER ONE YEAR OLD. The rescuer sits
down and lays the infant along his or her forearm with
the infant’s face pointed toward the floor. The rescuer’s
hand supports the infant’s head, and his or her forearm
rests on his or her own thigh for additional support.
Using the heel of the other hand, the rescuer administers
four or five rapid blows to the infant’s back between the
shoulder blades.

After administering the back blows, the rescuer
sandwiches the infant between his or her arms, and turns
the infant over so that the infant is lying face up support-
ed by the opposite arm. Using the free hand, the rescuer
places the index and middle finger on the center of the
breastbone and makes four sharp chest thrusts. This
series of back blows and chest thrusts is alternated until
the foreign object is expelled.

SELF-ADMINISTRATION OF THE HEIMLICH MANEU-
VER. To apply the Heimlich maneuver to oneself, one
should make a fist with one hand and place it in the mid-
dle of the body at a spot above the navel and below the
breastbone, then grasp the fist with the other hand and
push sharply inward and upward. If this fails, the victim
should press the upper abdomen over the back of a chair,
edge of a table, porch railing or something similar, and
thrust up and inward until the object is dislodged.

Preparation

Any lay person can be trained to perform the Heim-
lich maneuver. Knowing how may save someone’s life.
Before doing the maneuver, it is important to determine
if the airway is completely blocked. If the person chok-
ing can talk or cry, Heimlich maneuver is not appropri-
ate. If the airway is not completely blocked, the choking
victim should be allowed to try to cough up the foreign
object on his or her own.
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The Heimlich maneuver

To perform the Heimlich maneuver on a conscious adult (as
illustrated above), the rescuer stands behind the victim and
encircles his waist. The rescuer makes a fist with one hand
and places the other hand on top, positioned below the rib
cage and above the waist. The rescuer then applies pres-
sure by a series of upward and inward thrusts to force the
foreign object back up the victim’s trachea. /llustration by
Electronic lllustrators Group.)

Aftercare

Many people vomit after being treated with the
Heimlich maneuver. Depending on the length and severi-
ty of the choking episode, the choking victim may need
to be taken to a hospital emergency room.

Risks

Incorrectly applied, the Heimlich maneuver can
break bones or damage internal organs. In infants, the
rescuer should never attempt to sweep the baby’s mouth
without looking to remove foreign material. This is likely
to push the material farther down the trachea.
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Heliobacteriosis

KEY TERMS

Diaphragm—The thin layer of muscle that sepa-
rates the chest cavity containing the lungs and
heart from the abdominal cavity containing the
intestines and digestive organs.

Trachea—The windpipe. A tube extending from
below the voice box into the chest where it splits
into two branches, the bronchi, that lead to each
lung.

Normal results

In many cases the foreign material is dislodged from
the throat, and the choking victim suffers no permanent
effects of the episode. If the foreign material is not
removed, the person dies from lack of oxygen.

Resources

BOOKS

“Heimlich Maneuver.” In Everything You Need to Know About
Medical Treatments. Springhouse, PA: Springhouse Corp.,
1996.

PERIODICALS

Dworkin, Gerald “The Heimlich Maneuver Controversy in
Near-Drowning Resuscitation.” Parks and Recreation 32,
no. 11 (Nov. 1997): 16.

ORGANIZATIONS
American Heart Association. 7320 Greenville Ave. Dallas, TX
75231. (214) 373-6300. <http://www.americanheart.org>.

Tish Davidson

Heliobacter pylori infection see
Heliobacteriosis

I Heliobacteriosis
Definition

Helicobacteriosis refers to infection of the gastroin-
testinal tract with the bacteria, Helicobacter pylori (H.
pylori). While there are other rarer strains of Helicobac-
ter species that can infect humans, only H. pylori has
been convincingly shown to be a cause of disease in
humans. The organism was first documented to cause
injury to the stomach in 1983, by two researchers in Aus-
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tralia, who ingested the organism to prove their theory.
Since then, H. pylori has been shown to be the main
cause of ulcer disease, and has revolutionized the treat-
ment of peptic ulcer disease. It is also believed to be
linked to various cancers of the stomach.

Description

H. pylori is a gram-negative, spiral-shaped organ-
ism, that contains flagella (tail-like structures) and other
properties. In addition to flagella, which help the organ-
ism to move around in the liquid mucous layer of the
stomach, H. pylori also produces an enzyme called ure-
ase, that protects it from gastric acid present in the stom-
ach. As the production of this enzyme is relatively unusu-
al, new diagnostic tests have enabled rapid identification
of the bacteria.

H. pylori also produces two other chemicals: a cyto-
toxin called vacA, and a protein known as cagA. Patients
with ulcer disease are more likely to produce the cytotox-
in (vacA). The cagA protein not only occurs frequently
in ulcer disease but also in cancer. It is still not known
how these substances enable H. pylori to cause disease.

Causes and symptoms

Infection with H. pylori is largely dependent on two
factors; age and income status. The bacteria is acquired
mainly in childhood, especially in areas of poor hygiene
or overcrowding. H. pylori is two to three times more
prevalent in developing, non-industrialized countries. In
the United States for example, the organism is believed
to be present in about one third of the population.

The exact way in which H. pylori gets passed from
one individual to another is uncertain, but person to per-
son transmission is most likely. In most cases, children
are felt to be the source of spread. Reinfection of those
who have been cured has been documented, especially in
areas of overcrowding.

The bacteria is well adapted to survival within the
stomach. Not only does it survive there for years, but
once infection begins, a form of chronic inflammation
(chronic gastritis) always develops. In most individu-
als, initial infection causes little or no symptoms; how-
ever, some individuals such as the original researchers
who ingested the bacteria, wind up with abdominal
pain and nausea.

In about 15% of infected persons, ulcer disease
develops either in the stomach or duodenum. Why some
develop ulcer disease and others do not, remains unclear.
Ulcer symptoms are characterized by upper abdominal
pain that is typically of a burning or “gnawing” type, and
usually is rapidly relieved by antacids or food.
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Acid secretion increases in most patients with duode-
nal ulcers. This increase returns to normal once H. pylori is
eliminated. It is now known that elimination of the bacteria
will substantially decrease the risk of recurrent bouts of
ulcer disease in the vast majority (85% or so) of patients.

In the last decade it has been shown that H. pylori is
not only the prime cause of ulcer disease of the stomach
and duodenum, but is also strongly associated with various
tumors of the stomach. Bacterial infection is nine times
more common in patients with cancer of the stomach, and
seven times more common in those with lymphoma of the
stomach (tumor of the lymphatic tissue), called a MALT
tumor. It is believed that the prolonged inflammation leads
to changes in cell growth and tumors. Eliminating H.
pylori can lead to regression of some tumors.

In addition to the above damage caused by H. pylori,
some individuals lose normal gastric function, such as
the ability to absorb vitamin B,,.

Diagnosis

There are basically two types of tests to identify
infection: one group is “invasive” in that it involves the
use of an endoscopy to obtain biopsy specimens for eval-
uation, while the other “noninvasive” methods depend on
blood or breath samples. Invasive tests can be less accu-
rate because of technical limitations: the biopsy may
miss the area where the bacteria hides.

Invasive studies make use of tissue obtained by endo-
scopic biopsy to identify the organism. The bacteria can be
searched for in pieces of biopsy tissue or grown (cultured)
from the specimen. However, H. pylori is not easy to cul-
ture. Another method uses the bacteria’s production of the
enzyme urease. Biopsy specimens are placed on a card that
changes color if urease is present. Results are often avail-
able within a few minutes, but can take up to 24 hours.

Noninvasive tests are of two types: blood tests and
breath test. Blood tests measure antibodies to make a
diagnosis accurately within minutes. This can be done
immediately in the doctor’s office. In addition, antibody
levels can be measured several months after treatment, to
see if H. pylori has been eradicated.

The breath test uses radioactive or non-radioactive
forms of a compound called urea, which the patient drinks.
The method that uses a radioactive form urea is easier to
perform, as the equipment is commonly available in x-ray
departments. Radiation exposure is less than that of a
chest x ray. The test that uses non-radioactive urea is safer
for children. The breath test is the best way to be sure of
elimination of H. pylori. The test can be used within 30
days after treatment. This is an advantage over following
antibody levels that take six months or longer to diminish.
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A light microscopic image of a stomach ulcer. Gastric and
duodenal ulcers are usually caused by infection with the
bacteria Helicobacter pylori.This bacterium is also believed
to be a cause of various cancers of the sto