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PLEASE READ—IMPORTANT INFORMATION

The Gale Encyclopedia of Nursing and Allied Health
is a medical reference product designed to inform and
educate readers about a wide variety of diseases, treat-
ments, tests and procedures, health issues, human biolo-
gy, and nursing and allied health professions. The Gale
Group believes the product to be comprehensive, but not
necessarily definitive. 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 kind, including with-
out limitation, warranties of merchantability or fitness for
a particular purpose, nor does it guarantee the accuracy,
comprehensiveness, or timeliness of the information con-
tained 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.



INTRODUCTION

The Gale Encyclopedia of Nursing and Allied Health
is a unique and invaluable source of information for the
nursing or allied health student. This collection of over
850 entries provides in-depth coverage of specific dis-
eases and disorders, tests and procedures, equipment and
tools, body systems, nursing and allied health profes-
sions, and current health issues. This book is designed to
fill a gap between health information designed for
laypeople and that provided for medical professionals,
which may be too complicated for the beginning student
to understand. The encyclopedia does use medical termi-
nology, but explains it in a way that students can under-
stand.

SCOPE

The Gale Encyclopedia of Nursing and Allied Health
covers a wide variety of topics relevant to the nursing or
allied health student. Subjects covered include those
important to students intending to become biomedical
equipment technologists, dental hygienists, dieteticians,
health care administrators, medical technologists/clinical
laboratory sciencists, registered and licensed practical
nurses, nurse anesthetists, nurse practitioners, nurse mid-
wives, occupational therapists, optometrists, pharmacy
technicians, physical therapists, radiologic technologists,
and speech-language therapists. The encyclopedia also
covers information on related general medical topics,
classes of medication, mental health, public health, and
human biology. Entries follow a standardized format that
provides information at a glance. Rubrics include:

Diseases/Disorders

Definition
Description

Causes and symptoms
Diagnosis

Treatment

Prognosis

Health care team roles
Prevention
Resources
Key terms

Tests/Procedures

Definition
Purpose
Precautions
Description
Preparation
Aftercare
Complications
Results
Health care team roles
Resources
Key terms

Equipment/Tools

Definition

Purpose

Description

Operation
Maintenance

Health care team roles
Training

Resources

Key terms

Human biology/Body systems

Definition

Description

Function

Role in human health

Common diseases and disorders
Resources

Key terms
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Introduction

Nursing and allied health professions

Definition

Description

Work settings

Education and training
Advanced education and training
Future outlook

Resources

Key terms

Current health issues

Definition

Description

Viewpoints

Professional implications
Resources

Key terms

INCLUSION CRITERIA

A preliminary list of topics was compiled from a
wide variety of sources, including nursing and allied
health textbooks, general medical encyclopedias, and
consumer health guides. The advisory board, composed
of advanced practice nurses, allied health professionals,
health educators, and medical doctors, evaluated the top-
ics and made suggestions for inclusion. Final selection of
topics to include was made by the advisory board in con-
junction with the Gale editor.

ABOUT THE CONTRIBUTORS

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

VIl

HOW TO USE THIS BOOK

The Gale Encyclopedia of Nursing and Allied Health
has been designed with ready reference in mind.

« Straight alphabetical arrangement of topics allows
users to locate information quickly.

* Bold-faced terms within entries direct the reader to
related articles.

» Cross-references placed throughout the encyclopedia
direct readers from alternate names and related topics
to entries.

¢ Alist of Key terms is provided where appropriate to
define terms or concepts that may be unfamiliar to the
student.

» The Resources section directs readers to additional
sources of medical information on a topic.

e Valuable contact information for medical, nursing,
and allied health organizations is included with each
entry. An Appendix of Nursing and Allied Health
organizations in the back matter contains an extensive
list of organizations arranged by subject.

» A comprehensive general index guides readers to sig-
nificant topics mentioned in the text.

GRAPHICS

The Gale Encyclopedia of Nursing and Allied Health
is enhanced by over 400 black and white photos and illus-
trations, as well as over 50 tables.
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Abdominal thrust see Heimlich maneuver

I Abdominal ultrasound
Definition

Abdominal ultrasound uses high frequency sound
waves to produce two-dimensional images of the body’s
soft tissues, which are used for a variety of clinical appli-
cations, including diagnosis and guidance of treatment
procedures. Ultrasound does not use ionizing radiation
to produce images, and in comparison to other diag-
nostic imaging modalities, it is low cost, safe, fast, and
versatile.

Purpose

Abdominal ultrasound is used in the hospital radiol-
ogy department and emergency department, as well as in
physician offices for a number of clinical applications.
Ultrasound has a great advantage over x-ray imaging
technologies in that it does not damage tissues with ion-
izing radiation. Ultrasound is also generally far better
than plain x-rays at distinguishing the subtle variations of
soft tissue structures, and can be used in any of several
modes, depending on the area of interest.

As an imaging tool, abdominal ultrasound generally
is indicated for patients afflicted with chronic or acute
abdominal pain; abdominal trauma; an obvious or sus-
pected abdominal mass; symptoms of liver disease, pan-
creatic disease, gallstones, spleen disease, kidney disease
and urinary blockage; or symptoms of an abdominal aor-
tic aneurysm.

Specifically:

» Abdominal pain. Whether acute or chronic, pain can
signal a serious problem—from organ malfunction or
injury to the presence of malignant growths.

Ultrasound scanning can help doctors quickly sort
through potential causes when presented with general
or ambiguous symptoms. All of the major abdominal
organs can be studied for signs of disease that appear as
changes in size, shape, and internal structure.

Abdominal trauma. After a serious accident, such as a
car crash or a fall, internal bleeding from injured
abdominal organs is often the most serious threat to
survival. Neither the injuries nor the bleeding may be
immediately apparent. Ultrasound is very useful as an
initial scan when abdominal trauma is suspected, and it
can be used to pinpoint the location, cause, and severi-
ty of hemorrhaging. In the case of puncture wounds,
from a bullet for example, ultrasound can locate the
foreign object and provide a preliminary survey of
the damage. (CT scans are sometimes used in trauma
settings.)

Abdominal mass. Abnormal growths—tumors, cysts,
abscesses, scar tissue, and accessory organs—can be
located and tentatively identified with ultrasound. In
particular, potentially malignant solid tumors can be
distinguished from benign fluid-filled cysts. Masses
and malformations in any organ or part of the abdomen
can be found.

Liver disease. The types and underlying causes of liver
disease are numerous, though jaundice tends to be a
general symptom. Ultrasound can differentiate between
many of the types and causes of liver malfunction, and
is particularly good at identifying obstruction of the
bile ducts and cirrhosis, which is characterized by
abnormal fibrous growths and reduced blood flow.

Pancreatic disease. Inflammation and malformation of
the pancreas are readily identified by ultrasound, as
are pancreatic stones (calculi), which can disrupt prop-
er functioning.

Gallstones. Gallstones are an extremely common cause
of hospital admissions. These calculi can cause painful
inflammation of the gallbladder and also obstruct the
bile ducts that carry digestive enzymes from the gall-

GALE ENCYCLOPEDIA OF NURSING AND ALLIED HEALTH 1



Abdominal ultrasound

bladder and liver to the intestines. Gallstones are read-
ily identifiable with ultrasound.

Spleen disease. The spleen is particularly prone to
injury during abdominal trauma. It may also become
painfully inflamed when infected or cancerous.

Kidney disease. The kidneys are also prone to traumat-
ic injury and are the organs most likely to form calculi,
which can block the flow of urine and cause further
systemic problems. A variety of diseases causing dis-
tinct changes in kidney morphology can also lead to
complete kidney failure. Ultrasound imaging has
proven extremely useful in diagnosing kidney disor-
ders, including blockage or obstruction.

» Abdominal aortic aneurysm. This is a bulging weak
spot in the abdominal aorta, which supplies blood
directly from the heart to the entire lower body. A rup-
tured aortic aneurysm is imminently life-threatening.
However, it can be readily identified and monitored
with ultrasound before acute complications result.

- Appendicitis. Ultrasound is useful in diagnosing
appendicitis, which causes abdominal pain.

Ultrasound technology can also be used for treat-
ment purposes, most frequently as a visual aid during
surgical procedures—such as guiding needle placement
to drain fluid from a cyst, or to guide biopsies.

Precautions

Ultrasound waves of appropriate frequency and
intensity are not known to cause or aggravate any med-
ical condition.

The value of ultrasound imaging as a medical tool,
however, depends greatly on the quality of the equipment
used and the skill of the medical personnel operating it.
More accurate results are obtained when ultrasound is
performed by a clinician skilled in sonography. Basic
ultrasound equipment is relatively inexpensive to obtain,
and any physician with the equipment can perform the
procedure whether specifically trained in ultrasound
scanning and interpretation or not. Patients should not
hesitate to verify the credentials of technologists and
physicians performing ultrasound scanning, as well as
the quality of the equipment used and the benefits of the
proposed procedure.

In cases where ultrasound is used as a treatment tool,
patients should educate themselves about the proposed
procedure with the help of their doctors—as is appropri-
ate before any surgical procedure. Also, any abdominal
ultrasound procedure, diagnostic or therapeutic, may be
hampered by a patient’s body type or other factors, such
as the presence of excessive bowel gas (which is opaque

to ultrasound). In particular, very obese people are often
not good candidates for abdominal ultrasound.

Description

Ultrasound includes all sound waves above the fre-
quency of human hearing—about 20 thousand hertz, or
cycles per second. Medical ultrasound generally uses fre-
quencies between one and 10 megahertz (1-10 MHz).
Higher frequency ultrasound waves produce more
detailed images, but are also more readily absorbed and
so cannot penetrate as deeply into the body. Abdominal
ultrasound imaging is generally performed at frequencies
between 2-5 MHz.

An ultrasound scanner consists of two parts: the trans-
ducer and the data processing unit. The transducer both
produces the sound waves that penetrate the body and
receives the reflected echoes. Transducers are built around
piezoelectric ceramic chips. (Piezoelectric refers to elec-
tricity that is produced when you put pressure on certain
crystals such as quartz.) These ceramic chips react to elec-
tric pulses by producing sound waves (they are transmit-
ting waves) and react to sound waves by producing elec-
tric pulses (receiving). Bursts of high-frequency electric
pulses supplied to the transducer cause it to produce the
scanning sound waves. The transducer then receives the
returning echoes, translates them back into electric pulses,
and sends them to the data processing unit—a computer
that organizes the data into an image on a television screen.

Because sound waves travel through all the body’s
tissues at nearly the same speed—about 3,400 miles per
hour—the microseconds it takes for each echo to be
received can be plotted on the screen as a distance into
the body. The relative strength of each echo, a function of
the specific tissue or organ boundary that produced it, can
be plotted as a point of varying brightness. In this way,
the echoes are translated into an image.

Four different modes of ultrasound are used in med-
ical imaging:

¢ A-mode. This is the simplest type of ultrasound in
which a single transducer scans a line through the body
with the echoes plotted on screen as a function of depth.
This method is used to measure distances within the
body and the size of internal organs.

B-mode. In B-mode ultrasound, a linear array of trans-
ducers simultaneously scans a plane through the body that
can be viewed as a two-dimensional image on screen.

M-Mode. The M stands for motion. A rapid sequence of
B-mode scans whose images follow each other in
sequence on screen enables doctors to see and measure
range of motion, as the organ boundaries that produce
reflections move relative to the probe. M-mode ultra-

2 GALE ENCYCLOPEDIA OF NURSING AND ALLIED HEALTH



KEY TERMS

Accessory organ—A lump of tissue adjacent to an
organ that is similar to it, but which serves no
important purpose, if functional at all. While not
necessarily harmful, such organs can cause prob-
lems if they grow too large or become cancerous.

Benign—In medical usage, benign is the opposite
of malignant. It describes an abnormal growth
that is stable, treatable, and generally not life-
threatening.

Biopsy—The surgical removal and analysis of a tis-
sue sample for diagnostic purposes. Usually, the
term refers to the collection and analysis of tissue
from a suspected tumor to establish malignancy.

Calculus—Any type of hard concretion (stone) in
the body, but usually found in the gallbladder, pan-
creas, and kidneys. Calculi (pl.) are formed by the
accumulation of excess mineral salts and other
organic material such as blood or mucous. They
can cause problems by lodging in and obstructing
the proper flow of fluids, such as bile to the intes-
tines or urine to the bladder.

Cirrhosis—A chronic liver disease characterized by
the degeneration of proper functioning—jaundice
is often an accompanying symptom. Causes of cir-
rhosis include alcoholism, metabolic diseases,
syphilis, and congestive heart disease.

Common bile duct—The branching passage
through which bile—a necessary digestive
enzyme—travels from the liver and gallbladder into
the small intestine. Digestive enzymes from the
pancreas also enter the intestines through the com-
mon bile duct.

Computed tomography scan (CT scan)—A special-
ized type of x-ray imaging that uses highly focused
and relatively low energy radiation to produce
detailed two-dimensional images of soft tissue
structures, particularly the brain. CT scans are the
chief competitor to ultrasound and can yield high-
er quality images not disrupted by bone or gas.
They are, however, more cumbersome, time con-
suming and expensive to perform, and they use
ionizing radiation.

sound has been put to particular use in studying heart
motion.

Doppler mode. Doppler ultrasonography includes the
capability of accurately measuring velocities of moving

Doppler—The Doppler effect refers to the apparent
change in frequency of sound wave echoes return-
ing to a stationary source from a moving target. If
the object is moving toward the source, the fre-
quency increases; if the object is moving away, the
frequency decreases. The size of this frequency
shift can be used to compute the object’s speed—
be it a car on the road or blood in an artery. The
Doppler effect holds true for all types of radiation,
not just sound.

Frequency—Sound, whether traveling through air
or the human body, produces vibrations—mole-
cules bouncing into each other—as the shock wave
travels along. The frequency of a sound is the num-
ber of vibrations per second. Within the audible
range, frequency means pitch—the higher the fre-
quency, the higher a sound’s pitch.

lonizing radiation—Radiation that can damage liv-
ing tissue by disrupting and destroying individual
cells at the molecular level. All types of nuclear
radiation—x rays, gamma rays and beta rays—are
potentially ionizing. Sound waves physically
vibrate the material through which they pass, but
do not ionize it.

Jaundice—A condition that results in a yellow tint
to the skin, eyes and body fluids. Bile retention in
the liver, gallbladder and pancreas is the immediate
cause, but the underlying cause could be as simple
as obstruction of the common bile duct by a gall-
stone or as serious as pancreatic cancer. Ultra-
sound can distinguish between these conditions.

Malignant—The term literally means growing
worse and resisting treatment. It is used as a syn-
onym for cancerous and connotes a harmful condi-
tion that generally is life-threatening.

Morphology—Literally, the study of form. In medi-
cine, morphology refers to the size, shape, and
structure rather than the function of a given organ.
As a diagnostic imaging technique, ultrasound
facilitates the recognition of abnormal morpholo-
gies as symptoms of underlying conditions.

material, such as blood in arteries and veins. The prin-
ciple is the same as that used in radar guns that measure
the speed of a car on the highway. Doppler capability is
most often combined with B-mode scanning to produce
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Abdominal ultrasound

An ultrasound screen shows a patient’s kidney.
(Photograph by Brownie Harris. The Stock Market.
Reproduced by permission.)

images of blood vessels from which blood flow can be
directly measured. This technique is used extensively to
investigate valve defects, arteriosclerosis, and hyper-
tension, particularly in the heart, but also in the abdom-
inal aorta and the portal vein of the liver.

The actual procedure for a patient undergoing an
abdominal ultrasound is relatively simple, regardless of
the type of scan or its purpose. Fasting for at least eight
hours prior to the procedure ensures that the stomach is
empty and as small as possible, and that the intestines
and bowels are relatively inactive. This also helps the
gallbladder become more visible. Prior to scanning, an
acoustic gel is applied to the skin of the patient’s
abdomen to allow the ultrasound probe to glide easily
across the skin and also to better transmit and receive
ultrasonic pulses. The probe is moved around the
abdomen’s surface to obtain different views of the target
areas. The patient will likely be asked to change posi-
tions from side to side and to hold the breath as necessary
to obtain the desired views. Usually, a scan will take
from 20 to 45 minutes, depending on the patient’s condi-
tion and anatomical area being scanned.

Ultrasound scanners are available in different con-
figurations, with different scanning features. Portable
units, which weigh only a few pounds and can be carried
by hand, are available for bedside use, office use, or use
outside the hospital, such as at sporting events and in
ambulances. Portable scanners range in cost from
$10,000 to $50,000. Mobile ultrasound scanners, which
can be pushed to the patient bedside and between hospi-
tal departments, are the most common comfiguration and
range in cost from $100,000 to over $250,000, depend-
ing on the scanning features purchased.

Preparation

A patient undergoing abdominal ultrasound will be
advised by the physician about what to expect and how to
prepare. As mentioned above, preparations generally
include fasting.

Aftercare

In general, no aftercare related to the abdominal
ultrasound procedure itself is required. Discomfort dur-
ing the procedure is minimal.

Complications

Properly performed, ultrasound imaging is virtually
without risk or side effects. Some patients report feeling
a slight tingling and/or warmth while being scanned, but
most feel nothing at all.

Results

As a diagnostic imaging technique, a normal abdom-
inal ultrasound is one that indicates the absence of the sus-
pected condition that prompted the scan. For example,
symptoms such as abdominal pain radiating to the back
suggest the possibility of, among other things, an abdom-
inal aortic aneurysm. An ultrasound scan that indicates the
absence of an aneurysm would rule out this life-threaten-
ing condition and point to other, less serious causes.

Because abdominal ultrasound imaging is generally
undertaken to confirm a suspected condition, the results
of a scan often will confirm the diagnosis, be it kidney
stones, cirrhosis of the liver, or an aortic aneurysm. At
that point, appropriate medical treatment as prescribed by
a patient’s physician is in order.

Health care team roles

Ultrasound scanning should be performed by a reg-
istered and trained ultrasonographer, either a technologist
and/or a physician (radiologist, obstetrician/gynecolo-
gist). Ultrasound scanning in the emergency department
may be performed by an emergency medicine physician,
who should have appropriate training and experience in
ultrasonography.
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I Abscess
Definition

An abscess is an enclosed collection of liquefied tis-
sue, known as pus, somewhere in the body. It is the result
of the body’s defensive reaction to foreign material.

Description

There are two types of abscesses, septic and sterile.
Most abscesses are septic, which means that they are the
result of an infection. Septic abscesses can occur any-
where in the body. Only bacteria and the body’s
immune response are required. In response to the invad-
ing bacteria, white blood cells gather at the infected site
and begin producing chemicals called enzymes that
attack the bacteria by first marking and then digesting it.
These enzymes kill the bacteria and break them down
into small pieces that can travel in the circulatory system
prior to being eliminated from the body. Unfortunately,
these chemicals also digest body tissues. In most cases,
bacteria produce similar chemicals. The result is a thick,
yellow liquid—pus—containing dead bacteria, digested
tissue, white blood cells, and enzymes.

An abscess is the last stage of a tissue infection that
begins with a process called inflammation. Initially, as
invading bacteria activate the body’s immune system,
several events occur:

» Blood flow to the area increases.

» The temperature of the area increases due to the
increased blood supply.

e The area swells due to the accumulation of water,
blood, and other liquids.

« It turns red.

o It hurts, due to irritation from the swelling and the
chemical activity.

These four signs—heat, swelling, redness, and
pain—characterize inflammation.

As the process progresses, the tissue begins to turn to
liquid, and an abscess forms. It is the nature of an abscess
to spread as the chemical digestion liquefies more and
more tissue. Furthermore, the spreading follows the path
of least resistance, commonly, the tissue that is most eas-
ily digested. A good example is an abscess just beneath
the skin. It most easily continues along immediately
beneath the surface rather than traveling up through the
outermost layer or down through deeper structures where
it could drain its toxic contents. The contents of an
abscess can also leak into the general circulation and pro-
duce symptoms just like any other infection. These
include chills, fever, aching, and general discomfort.

Sterile abscesses are sometimes a milder form of the
same process caused not by bacteria but by non-living
irritants such as drugs. If an injected drug such as peni-
cillin is not absorbed, it stays where it is injected and may
cause enough irritation to generate a sterile abscess. Such
an abscess is sterile because there is no infection
involved. Sterile abscesses are quite likely to turn into
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Abscess

KEY TERMS

Cellulitis—Inflammation of tissue due to

infection.

Enzyme—Any of a number of protein chemicals
that can initiate chemical reactions at body tem-
perature.

Fallopian tubes—Part of the internal female
anatomy that carries eggs from the ovaries to the
uterus.

Flora—Living inhabitants of a region or area.

Pyogenic—Capable of generating pus. Strep-
tococcus, Staphocococcus, and bowel bacteria
are the primary pyogenic organisms.

Sebaceous glands—Tiny structures in the skin that
produce oil (sebum). If they become plugged,
sebum collects inside and forms a nurturing place
for germs to grow.

Septicemia—The spread of an infectious agent
throughout the body by means of the blood
stream.

Sinus—A tubular channel connecting one body
part with another or with the outside.

hard, solid lumps as they scar, rather than remaining
pockets of pus.

Causes and symptoms

Many different agents cause abscesses. The most
common are the pus-forming (pyogenic) bacteria such as
Staphylococcus aureus, which is a very common cause of
abscesses under the skin. Abscesses near the large bowel,
particularly around the anus, may be caused by any of the
numerous bacteria found within the large bowel. Brain
abscesses and liver abscesses can be caused by any
organism that can travel there through the blood stream.
Bacteria, amoebae, and certain fungi can travel in this
fashion. Abscesses in other parts of the body are caused
by organisms that normally inhabit nearby structures or
that infect them. Some common causes of specific
abscesses are:

« skin abscesses by normal skin flora
« dental and throat abscesses by mouth flora

¢ lung abscesses by normal airway flora, bacteria that
cause pneumonia or tuberculosis

« abdominal and anal abscesses by normal bowel flora

Specific types of abscesses

Listed below are some of the more common and
important abscesses.

 Carbuncles and other boils. Skin oil glands (sebaceous
glands) on the back or the back of the neck are the ones
usually infected. The most commonly involved bacteria
is Staphylococcus aureus. Acne is a similar condition
involving sebaceous glands on the face and back.

Pilonidal cyst. Many people have as a birth defect a tiny
opening in the skin just above the anus. Fecal bacteria
can enter this opening, causing an infection and subse-
quent abscess.

Retropharyngeal, parapharyngeal, peritonsillar abscess.
As a result of throat infections such as strep throat and
tonsillitis, bacteria can invade the deeper tissues of the
throat and cause an abscess. These abscesses can com-
promise swallowing and even breathing.

Lung abscess. During or after pneumonia, whether it’s
due to bacteria [common pneumonia], tuberculosis,
fungi, parasites, or other bacteria, abscesses can devel-
op as a complication.

Liver abscess. Bacteria or amoeba from the intestines
can spread through the blood to the liver and cause
abscesses.

Psoas abscess. Deep in the back of the abdomen, on
either side of the lumbar spine, lie the psoas muscles.
They flex the hips. An abscess can develop in one of
these muscles, usually when it spreads from the appen-
dix, the large bowel, or the fallopian tubes.

Diagnosis

The common findings of inflammation—heat, red-
ness, swelling, and pain—easily identify superficial
abscesses. Abscesses in other places may produce only
generalized symptoms such as fever and discomfort. If
an individual’s symptoms and the results of a physical
examination do not help, a physician may have to resort
to a battery of tests to locate the site of an abscess.
Usually something in the initial evaluation directs the
search. Recent or chronic disease in an organ suggests it
may be the site of an abscess. Dysfunction of an organ or
system, for instance seizures or altered bowel function,
may provide the clue. Pain and tenderness on physical
examination are common findings. Sometimes a deep
abscess will eat a small channel (sinus) to the surface
and begin leaking pus. A sterile abscess may cause only
a painful lump deep in the buttock where a shot was
given.
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Treatment

Since skin is very resistant to the spread of infection,
it acts as a barrier, often keeping the toxic chemicals of
an abscess from escaping the body on their own. Thus,
the pus must be drained from the abscess by a physician.
The surgeon determines when the abscess is ready for
drainage and opens a path to the outside, allowing the
pus to escape. Ordinarily, the body handles the remaining
infection, sometimes with the help of antibiotics or
other drugs. The surgeon may leave a drain (a piece of
cloth or rubber) in the abscess cavity to prevent it from
closing before all the pus has drained out.

Alternative treatment

If an abscess is directly beneath the skin, it will be
slowly working its way through the skin as it is more rap-
idly working its way elsewhere. Since chemicals work
faster at higher temperatures, applications of hot com-
presses to the skin over the abscess will hasten the diges-
tion of the skin and eventually result in its break down
and spontaneous release of pus. This treatment is best
reserved for smaller abscesses in less sensitive areas of
the body such as limbs, trunk, and back of the neck. It is
also useful for all superficial abscesses in their very early
stages. It will “ripen” them.

Contrast hydrotherapy, alternating hot and cold
compresses, can also help assist the body in resorption of
the abscess. There are two homeopathic remedies that
work to rebalance the body in relation to abscess forma-
tion, Silica and Hepar sulphuris. In cases of septic
abscesses, bentonite clay packs (bentonite clay and a
small amount of Hydrastis powder) can be used to draw
an infection from the area.

Prognosis

Once an abscess is properly drained, the prognosis is
excellent for the condition itself. The reason for the
abscess (other diseases an individual has) will determine
the overall outcome. If, on the other hand, an abscess
ruptures into neighboring areas or permits the infectious
agent to spill into the bloodstream, serious or fatal con-
sequences are likely. Abscesses in and around the nasal
sinuses, face, ears, and scalp may work their way into the
brain. Abscesses within an abdominal organ such as the
liver may rupture into the abdominal cavity. In either
case, the result is life threatening. Blood poisoning is a
term commonly used to describe an infection that has
spilled into the blood stream and spread throughout the
body from a localized origin. Blood poisoning, known to
physicians as septicemia, is also life threatening.

An amoebic abscess caused by Entameoba histolytica.
(Phototake NYC. Reproduced by permission.)

Of special note, abscesses in the hand are more seri-
ous than they might appear. Due to the intricate structure
and the overriding importance of the hand, any hand
infection must be treated promptly and competently.

Health care team roles

First aid providers may unknowingly initiate an
abscess by using inappropriate or incorrect techniques. A
physician, surgeon, physician’s assistant, or nurse practi-
tioner usually diagnoses the presence of an abscess.
Radiologists and laboratory personnel may assist in the
process of establishing a diagnosis. A physician, surgeon,
physician’s assistant, or nurse practitioner usually drains
an abscess. Nurses provide supportive care, dress the
wound, and educate patients about caring for the result-
ing wound. Occasionally, a physical therapist may be
needed to recover lost function.

Prevention

Infections that are treated early with heat (if superfi-
cial) or antibiotics will often resolve without the forma-
tion of an abscess. It is even better to avoid infections
altogether by taking prompt care of open injuries, partic-
ularly puncture wounds. Bites are the most dangerous of
all, even more so because they often occur on the hand.
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I Acid-base balance
Definition

Acid-base balance can be defined as homeostasis of
the body fluids at a normal arterial blood pH ranging
between 7.37 and 7.43.

Description

An acid is a substance that acts as a proton donor. In
contrast, a base, also known as an alkali, is frequently
defined as a substance that combines with a proton to
form a chemical bond. Acid solutions have a sour taste
and produce a burning sensation with skin contact. A base
is any chemical compound that produces hydroxide ions
when dissolved in water. Base solutions have a bitter
taste and a slippery feel. Despite variations in metabo-
lism, diet, and environmental factors, the body’s acid-
base balance, fluid volume, and electrolyte concentration
are maintained within a narrow range.

Function

Many naturally occurring acids are necessary for
life. For example, hydrochloric acid is secreted by the
stomach to assist with digestion. The chemical composi-
tion of food in the diet can have an effect on the body’s
acid-base production. Components that affect acid-base
balance include protein, chloride, phosphorus, sodium,
potassium, calcium, and magnesium. In addition, the
rate at which nutrients are absorbed in the intestine will
alter acid-base balance.

Cells and body fluids contain acid-base buffers,
which help prevent rapid changes in body fluid pH over
short periods of time, until the kidneys pulmonary sys-
tems can make appropriate adjustments. The kidneys and
pulmonary system then work to maintain acid-base bal-
ance through excretion in the urine or respiration. The
partial pressure of carbon dioxide gas (PCQO,) in the pul-
monary system can be measured with a blood sample and
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correlates with blood carbon dioxide (CO,) levels. PCO,
can then be used as an indicator of the concentration of
acid in the body. The concentration of base in the body
can be determined by measuring plasma bicarbonate
(HCOy5") concentration. When the acid-base balance is
disturbed, the respiratory system can alter PCO, quick-
ly, thus changing the blood pH and correcting imbal-
ances. Excess acid or base is then excreted in the urine by
the renal system to control plasma bicarbonate concen-
tration. Changes in respiration occur primarily in minutes
to hours, while renal function works to alter blood pH
within several days.

Role in human health

Production of CO, is a result of normal body metab-
olism. Exercise or serious infections will increase the
production of CO, through increased respiration in the
lungs. When oxygen (O,) is inhaled and CO, is exhaled,
the blood transports these gases to the lungs and body tis-
sues. The body’s metabolism produces acids that are
buffered and then excreted by the lungs and kidneys to
maintain body fluids at a neutral pH. Disruptions in CO,
levels and HCO;™ create acid-base imbalances. When
acid-base imbalances occur, the disturbances can be
broadly divided into either acidosis (excess acid) or alka-
losis (excess base/alkali).

Common diseases and disorders

Acid-base metabolism imbalances are often charac-
terized in terms of the HCO;7/CO, buffer system. Acid-
base imbalances result primarily from metabolic or res-
piratory failures. An increase in HCO;™ is called meta-
bolic alkalosis, while a decrease in the same substance is
called metabolic acidosis. An increase in PCO,, on the
other hand, is known as respiratory acidosis, and a
decrease in the same substance is called respiratory alka-
losis.

Acidosis

Acidosis is a condition resulting from higher than
normal acid levels in the body fluids. It is not a disease,
but may be an indicator of disease. Metabolic acidosis is
related to processes that transform food into energy and
body tissues. Conditions such as diabetes, kidney failure,
severe diarrhea, and poisoning can result in metabolic
acidosis. Mild acidosis is often compensated by the body
in a number of ways. However, prolonged acidosis can
result in heavy or rapid breathing, weakness, and
headache. Acidemia (arterial pH < 7.35) is an accumula-
tion of acids in the bloodstream that may occur with
severe acidosis when the acid load exceeds respiratory
capacity. This condition can sometimes result in coma

KEY TERMS

Acid—(a) Any ionic or molecular substance that
can act as a proton donor; (b) A sour-tasting sub-
stance, like vinegar; (c) A chemical compound
that can react with a base to form a salt.

Acidosis—A dangerous condition where the
blood and body tissues are less alkaline (or more
acidic) than normal.

Alkalosis—Excessive alkalinity of the blood and
body tissue.

Alkalemia—Abnormal blood alkalinity.

Base—(a) Any ionic or molecular substance that
can act as a proton acceptor; (b) A bitter-tasting
substance which has a soapy feel; (c) A chemical
compound that can react with an acid to form a
salt. A base can also be called an alkali.

Bicarbonate—A salt of carbonic acid produced by
neutralizing a hydrogen ion.

Diabetic ketoacidosis—A condition characterized
by excessive thirst and urination. Other symptoms
may include appetite loss, nausea, vomiting, and
rapid deep breathing.

Diuretic—An agent or drug that eliminates exces-
sive water in the body by increasing the flow of
urine.

Electrolyte—A substance such as an acid, bases,
or salt. An electrolyte’s water solution will con-
duct an electric current and ionizes. Acids, bases,
and salts are electrolytes.

Homeostasis—An organism’s regulation of body
processes to maintain internal equilibrium in tem-
perature and fluid content.

Hypochloremic alkalosis—A
chloride.

large loss of

Hypokalemic alkalosis—Low plasma potassium.

pH—The negative logarithm of H+ (hydrogen)
concentration.

and, if the pH falls below 6.80, it will lead to death.
Diabetic ketoacidosis is a condition where excessive
glucagon and a lack of insulin contribute to the produc-
tion of ketoacids in the liver. This condition can be
caused by chronic alcoholism and poor carbohydrate
utilization.

Respiratory acidosis is caused by the lungs’s failure
to remove excess carbon dioxide from the body, reducing
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Acid-base balance

Acid-base disturbance Common cause

Acid-base disturbances, causes, and compensatory mechanisms

Mode of compensation

Respiratory acidosis
trauma)

Respiratory alkalosis Hyperventilation (emotions, pain, respirator
overventilation)

Metabolic acidosis Diabetes, shock, renal failure, intestinal fistula

Metabolic alkalosis

nasogastric drainage

Respiratory depression (drugs, central nervous system

Pulmonary disease (pneumonia, chronic obstructive pul-
monary disease, respiratory underventilation)

Sodium bicarbonate overdose, prolonged vomiting,

SOURCE: Pagana, K.D. and T.J. Pagana. Mosby’s Diagnostic and Laboratory Test Reference. 3rd ed. St. Louis: Mosby, 1997.

Kidneys will retain increased amounts of HCO5~ to increase pH

Kidneys will excrete increased amounts of HCO3- to lower pH

Lungs “blow off” CO, to raise pH
Lungs retain CO, to lower pH

the pH in the body. Several conditions, including chest
injury, blockage of the upper air passages, and severe
lung disease, may lead to respiratory acidosis. Blockage
of the air passages may be caused by bronchitis, asthma,
or airway obstruction, resulting in mild or severe acido-
sis. Regular, consistent retention of carbon dioxide in the
lungs is referred to as chronic respiratory acidosis. This
disorder results in only mild acidosis because it is bal-
anced by increased bicarbonate production.

The predominant symptoms of acidosis are some-
times difficult to distinguish from symptoms of an under-
lying disease or disorder. Mild conditions of acidosis may
be asymptomatic or may be accompanied by weakness or
listlessness, nausea, and vomiting. Most often, severe
metabolic acidosis (pH < 7.20) is associated with
increased respiration to compensate for a shortage of
HCOj;". This is followed by a secondary decrease in PCO,
that occurs as part of respiratory compensation process.
Treatment options for acidosis typically require correc-
tion of the underlying condition by venous administration
of sodium bicarbonate or another alkaline substance.

Alkalosis

Alkalosis is a condition resulting from a higher than
normal level of base/alkali in the body fluids. An exces-
sive loss of HCO;™ in the blood causes metabolic alkalo-
sis. The body can compensate for mild alkalinity, but
prolonged alkalosis can result in convulsions, muscular
weakness, and even death if the pH rises above 7.80.
Alkalosis can be caused by drugs or disorders that upset
the normal acid-base balance. Prolonged vomiting and
hyperventilation (abnormally fast, deep breathing) can
result in alkalosis.

The predominant symptoms of alkalosis are neuro-
muscular hyperexcitability and irritability. Alkalemia
(abnormal blood alkalinity) increases protein binding of
ionized calcium even though plasma total calcium does
not change. Severe cases may induce hypocalcemia (a

low level of plasma calcium). Low plasma potassium
leads to a condition called hypokalemic alkalosis. It is
frequently accompanied by metabolic alkalosis, resulting
in cramping, muscle weakness, polyuria, and ileus
(obstruction of the intestines). Diuretic medications may
cause hypokalemic alkalosis. Prolonged vomiting may
induce hypochloremic alkalosis (a large loss of chloride).
The kidneys may conserve bicarbonate in order to com-
pensate for the chloride reduction. Compensated alkalo-
sis results when the body has partially compensated for
alkalosis, and has restored normal acid-base balances.
However, in compensated alkalosis, abnormal bicarbon-
ate and carbon dioxide levels persist.

Alkalosis requires correction of the underlying con-
dition and may involve venous administration of a weak
acid to restore normal balance. If the source of alkalosis
is excessive drug intake, it may be appropriate to reduce
intake to restore the normal acid-base balance.

Respiratory alkalosis results from decreased CO,
levels caused by conditions such as hyperventilation (a
faster breathing rate), anxiety, and fever. The pH is ele-
vated in the body. Hyperventilation causes the body to
lose excess carbon dioxide in expired air and can be trig-
gered by altitude or a disease that reduces the amount of
oxygen in the blood. Symptoms of respiratory alkalosis
may include dizziness, lightheadedness, and numbing of
the hands and feet. Treatments include breathing into a
paper bag or a mask that induces rebreathing of carbon
dioxide.
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I Acid-fast culture
Definition

The term acid-fast refers to a type of organism not
readily decolorized by acid after staining. An acid-fast
culture is the microbiological analysis of such an organ-
ism. An acid-fast culture refers to the process of detec-
tion, growth, isolation, identification, and antibiotic sus-
ceptibility testing of mycobacteria that cause pulmonary
tuberculosis and other infections such as skin, abdomi-
nal, and disseminated (widely spread throughout many
organs).

Purpose

The acid-fast culture is used to isolate Mycobacteri-
um tuberculosis when tuberculosis (TB) is suspected.
More recently the test has become important for the iden-
tification of other acid-fast organisms including
Mycobacterium avium complex (MAC), Mycobacterium
bovis, and Mycobacterium africanum responsible for
causing tuberculosis in AIDS patients and other immuno-
suppressed persons. Antibiotic sensitivity testing per-
formed when cultures are positive or when patients are
known to have tuberculosis determines the appropriate
drugs for treatment. This is essential because of the
emergence of tuberculosis strains that are resistant to
many of the antibiotics that were once effective in treat-
ing this disease. The test is also used to differentiate
tuberculosis from carcinoma and bronchiectasis that may
appear similar on x ray.

Precautions

Antibiotics and some sulfonamides may interfere
with test results, causing the results to be falsely nega-
tive. Sufficient organisms may not be recovered to diag-
nose infection when a single culture sample is collected.
Therefore, sputum cultures should be collected on three
consecutive mornings.

Special safety precautions

Health care workers involved with collection and
handling of specimens from patients suspected of having
tuberculosis or other mycobacterial infections should
observe universal precautions for the prevention of
transmission of bloodborne pathogens. In addition,
health care personnel working with patients and handling
specimens from patients suspected of having tuberculosis
must be given a skin test (e.g. Mantoux or PPD test) on a
regular basis. Precautions must be followed closely when
handling mycobacterial specimens. The laboratory per-
sonnel who process and handle the infectious material
from the patient are at greatest risk (about three times
higher than other laboratory personnel) for tuberculosis
infection or skin test positivity. The hazard of working in
a laboratory that handles mycobacterial specimens is
greatly reduced if the personnel follow proper procedures
when handling and processing the specimens. All pro-
cessing should take place in a biologic safety cabinet
(BSC). The biologic safety cabinets used in the clinical
mycobacterial laboratory are of two types: Class I, or
negative-pressure cabinets, and Class II, or vertical-lam-
inar-flow cabinets. Correct operation of these safety
devices along with proper maintenance and testing of the
air flow are essential to their performance. Yearly inspec-
tion of the cabinets by trained individuals is required.

Processing specimens, testing organisms, and trans-
ferring viable cultures must be carried out within the
BSC. After processing specimens or working under the
BSC, the area inside the cabinet is disinfected and a UV
(ultraviolet) light located within the cabinet is turned on
to kill any organisms on the surface of the work area as
well as any airborne bacteria. After performing a proce-
dure, the work area must be decontaminated with a dis-
infectant solution (e.g., the use of a phenol-soap mixture
containing orthophenol or phenolic derivitives with an
effective contact time of 10-30 minutes).

Protective clothing including gloves, fluid-proof
gowns, goggles, and face mask or respirator is recom-
mended for laboratory personnel working in the mycobac-
terial laboratory. Incinerators (no bunsen burners) are used
within the BSC to reduce aerosoling of bacteria from
infectious material while processing and culturing.

Description

Tuberculosis is an infection caused by Mycobac-
terium tuberculosis, a disease which is a major health
problem worldwide. Mycobacterium tuberculosis is a
rod-shaped bacterium characterized by acid-fastness. It is
commonly transmitted via the air to the lungs, where it
thrives, causing fever, cough, and hemoptysis (coughing
up blood-tainted secretions). Tuberculosis is highly con-
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KEY TERMS

Bronchiectasis—The formation of dilated, enlarged
bronchi that results from lower respiratory tract
infection.

Granuloma—Encapsulation of infected tissue
caused by phagocytic cells that surround the foci
of infection.

Nosocomial—An infection acquired in a hospital
setting.

tagious. Disease is spread when persons cough, releasing
an aerosol of organisms that are easily inhaled by others.
Although deaths from tuberculosis in the United States
had declined since the 1950s, recently there has been a
resurgence of the disease, with the higher incidence of
infection seen in certain races, in poor socioeconomic
conditions, among new immigrants, in prison inmates,
and in persons infected with the human immunodefi-
ciency virus.

Because it takes several weeks for most Mycobac-
teria to grow in a culture, the laboratory performs an
acid-fast smear first to aid in early diagnosis; however,
the acid-fast smear should not be used in place of culture,
as a culture is far more sensitive. An acid-fast culture can
detect as few as 10 to 100 CFU/mL of sputum. The smear
can provide a presumptive diagnosis of mycobacterial
disease; confirm that cultures growing on media are acid-
fast; and demonstrate that antibiotic treatment is effective
pending follow-up culture results.

The genus Mycobacterium includes organisms that
are obligate parasites, saprophytes (i.e., organisms that
live off dead tissue), and opportunistic pathogens.
Mycobacteria cause tuberculosis as well as non-tubercu-
lous clinical conditions; therefore, mycobacteria are
divided into two major groups based upon whether they
cause tuberculosis (M. tuberculosis complex) or non-
tuberculous infections (NTM). The principle pathogen
causing tuberculosis in humans is Mycobacterium tuber-
culosis. It is estimated that about one third of the world’s
population is infected with M. tuberculosis. The World
Health Organization reports an estimated eight million
new cases and three million deaths attributable to tuber-
culosis each year. Tuberculosis is a leading cause of death
in developing countries.

Other organisms causing human tuberculosis that are
included in the M. tuberculosis complex are: M. bovis
(the cause of tuberculosis in cattle and humans, as well as
other carnivores); M. bovis BCG (a strain used as a vac-
cine against tuberculosis in many parts of the world); and

M. africanum (the cause of human tuberculosis in tropi-
cal Africa). Mycobacterium tuberculosis causes an infec-
tion that may mimic other diseases such as pneumonia,
neoplasm, or fungal infections. Patients may be sympto-
matic or asymptomatic with signs of pulmonary and
other organ involvement. Symptoms include night
sweats, low-grade fever, anorexia, fatigue, weight loss,
and a productive cough or coughing of blood in pul-
monary tuberculosis infections. Patients with HIV are
more likely to develop active tuberculosis.

It is necessary to identify the tuberculosis-causing
mycobacteria by species and determine the antibiotic
sensitivity or resistance-pattern for epidemiologic and
public health information as well as for the effective
treatment of infected persons. As stated earlier, about
one-third of the world’s population (1.7 billion persons)
are infected with M. tuberculosis. Therefore, it is of great
concern that the emergence of epidemic multidrug-resist-
ant strains of M. tuberculosis has increased at the same
time as the increase in HIV infections in the United
States.

The primary routes of transmission for the M. tuber-
culosis complex are via inhalation of airborne droplets
from an infected person; through infectious aerosols pro-
duced when processing clinical specimens for the recov-
ery of Mycobacteria spp.; and by ingestion of contami-
nated milk from cows (or goats) infected with M. bovis.
M. africanum is also transmitted by the inhalation of
droplets containing infecting organisms. In all cases,
close contact with infected individuals leads to the acqui-
sition of tuberculosis infection.

The nontuberculous mycobacteria (NTM) group,
which are not transmitted by person to person contact as
is the M. tuberculosis complex, are differentiated by rate
of growth (slow-growing or rapid-growing) as well as
color pigmentation (the ability or inability of the colonies
to change color when exposed to light). Growth patterns
are divided into two main groups: slow-growers and
rapid growers. Slow growers take more than seven days
to grow and form colonies on solid media; rapid-growers
produce colonies on solid media within three to five days.
This method of classification for the NTM, by growth
patterns and exposure to light, is referred to as the
Runyon Classification. Some organisms in this group are
considered pathogenic, and others are potentially patho-
genic or non-pathogenic.

One of the most often recovered mycobacterium
species in the United States belongs to the NTM group
and is referred to as the Mycobacterium avium complex
(MAC). The MAC group consists of two main species,
M. avium and M. intracellulare. These two mycobacteria
are very similar and are differentiated by DNA tests. The
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MAC organisms are frequently isolated from immuno-
compromised patients, such as patients infected with
HIV and patients with pre-existing pulmonary disease.
MAC infections have been found to be the most common
cause of NTM (nontuberculous mycobacteria) infections
in humans. The NTM organisms are found in the envi-
ronment (frequently recovered from water, soil, house
dust, and plants) and are sometimes found colonized in
the respiratory or gastrointestinal tract of healthy indi-
viduals. In AIDS patients, MAC infections may be focal
or disseminated. It is theorized that the MAC organisms,
acquired from the environment, colonize the respiratory
tract or gastrointestinal tract before disseminating in an
HIV-positive patient. Sputum and stool samples from
HIV infected patients often contain MAC organisms.

Pulmonary disease in AIDS patients due to MAC
cannot be distinguished clinically or by x ray from those
caused by M. tuberculosis. Infections caused by dissem-
inated MAC organisms in AIDS patients usually occur
about one year after the diagnosis of AIDS. Also, non-
AIDS patients who are white males, 45-60 years of age,
typically heavy smokers, or alcohol abusers with pre-
existing lung disease are good candidates for a tubercu-
losis-like disease also caused by MAC organisms.

An NTM, which will not grow in vitro (non-culti-
vatable), is M. leprae. Mycobacterium leprae is the cause
of leprosy, or Hansen’s disease. This organism causes a
chronic, debilitating, and disfiguring disease involving
the skin, mucous membranes, and nerve tissue. There is
often extensive damage to the skin (lesions) and nerves.
Infectivity is low and transmission can occur from per-
son to person through contact with infected skin; howev-
er, inhalation of nasal secretions from the infected person
(close contact) appears to be the predominant mode of
transmission. Leprosy in North America is rare, and most
of the cases are acquired from exposure to the organism
while in a tropical country. Mycobacterium leprae cannot
be cultured on solid or liquid media in vitro; therefore, it
is diagnosed by DNA amplification tests such as the
polymerase chain reaction (PCR) using infected tissue,
or mucous membrane secretions, and by observing acid-
fast bacilli (using acid-fast staining procedures) in the
tissue preps or skin biopsies of infected patients.

Several other NTM (non-tuberculous mycobacteria)
organisms are considered potential pathogens for
humans while others are rarely implicated in disease. The
following NTM are considered potential pathogens and
should be identified especially if recovered from
immunocompromised patients:

e Mycobacterium kansasii: A slow grower, causing a
chronic pulmonary disease resembling classic tubercu-

losis as well as cervical lymphadenitis and cutaneous
diseases; tap water is the main reservoir for humans.

* Mycobacterium haemophilum: A slow grower, causing
skin nodules and disseminated disease in immunosup-
pressed patients with AIDS, Hodgkins’s disease, and
kidney and bone marrow transplants, as well as cervi-
cal lymphadenitis in children.

Mycobacterium marinum: A slow grower, causing cuta-
neous infections such as “swimming pool granuloma”
and “fish tank granuloma” with its natural reservoir
being fresh and salt water from infected fish and other
marine life.

Mycobacterium ulcerans: A slow grower, infecting the
skin (usually after some trauma) causing nodules and
ulcers to form; infection occurs mainly in tropical and
temperate climates (Africa and Australia) and is rare in
the United States.

Mycobacterium xenopi: A slow grower, causing pul-
monary infections in adults (resembling MTB complex
and MAC complex). The infection is considered noso-
comial, since it is recovered from hospital water stor-
age systems and hot and cold taps quite often.

Mycobacterium scrofulaceum: A slow grower responsi-
ble for cervical adenitis in children, recovered from raw
milk, soil, water, and dairy products.

Mycobacterium szulgai: A slow grower causing pul-
monary disease similar to M. tuberculosis.

Mycobacterium fortuitum complex: Rapid growing
microorganisms which include M. fortuitum, M.
abscessus, and M. chelonae causing infections involv-
ing surgical wounds, post-traumatic wound infection,
otitis media, and chronic pulmonary disease.

Mycobacterium gordonae is the non-pathogenic
mycobacterium most commonly recovered from patient
specimens. It is found in the environment and is called
the “tap water bacillus.” It is only rarely implicated as a
cause of human infection.

Specimen collection

Specimens to be processed for the recovery of
mycobacteria are obtained and handled using specific
guidelines to ensure successful growth, isolation, and
identification of the causative organism. Containers must
be sterile, leak-proof, and labeled properly. After collec-
tion, if the specimen cannot be processed within one
hour, refrigeration is required but no longer than
overnight. However, blood samples must be placed in the
proper media and incubated immediately at 35-37°C.

The most often requested specimens are pulmonary
specimens (secretions) which must be obtained before
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any treatment (antibiotic therapy) is given. Pulmonary
specimens may be obtained in several ways: sponta-
neously produced (expectorated) sputum; aerosol-
induced sputum; bronchioscopic aspirations, washings
and brushings; gastric aspirates, and lavages (washings)
from patients who have swallowed sputum through the
night. Saliva is not acceptable as a specimen for the
recovery of mycobacteria and is usually rejected as a
contaminated specimen. A series of early morning spu-
tum specimens are recommended over a three-day peri-
od. The ideal amount of sputum specimen for processing
and recovery of mycobacteria is 5-10 mL of sputum.
Upon rising in the morning, the patient is instructed to
cough deeply to produce sputum (expectorated sputum).
A patient who is unable to bring up any sputum is given
an aerosol treatment (aerosol-induced sputum) by a res-
piratory therapist in order to recover a sufficient amount
of sputum for culture.

Other specimens requested for culture and recovery
of mycobacteria are early morning, voided urine speci-
mens; fecal specimens; tissue and body fluids (pleural,
pericardial and peritoneal fluids), cerebrospinal fluid
(CSF), bone marrow aspirates, and blood. Blood and
stool specimens are usually cultured from AIDS patients.
These specimens reveal numerous mycobacteria when
infection is present in these patients. Wound or skin
lesions (abscesses) require a technique using aspiration
of the specimen into a syringe rather than the use of a
swab to obtain the specimen.

Specimens not suitable for culture and usually
rejected are 24-hour urine specimens, pooled sputum,
saliva, and swabs containing pulmonary secretions. The
high rate of contamination as well as the reduced rate of
mycobacteria recovery in these specimens renders them
unsuitable.

Specimen processing

Decontamination and digestion of sputum speci-
mens is necessary to recover mycobacteria for culture
and identification. The process of decontamination
(removing unwanted bacteria) and digestion (breaking
down mucous and protein) of sputum specimens is nec-
essary to release the mycobacteria that may be present
but are trapped in the mucous, and also to kill the
unwanted bacteria (normal flora). Specimens from ster-
ile body sites (blood, tissue, and body fluids, etc.) do not
need the process of decontamination and digestion as do
sputum samples. If the process of decontamination and
digestion is not done or done improperly, recovery of
mycobacteria from sputum samples is inhibited causing
a false-negative report. Mucous, cells, and normal bacte-
rial flora (from the oral cavity) entrap and enmesh the

mycobacteria in sputum. A common decontaminant is
sodium hydroxide (4%) which is also used as a mucolyt-
ic agent (for liquifaction or digestion of mucous). A
combination is often used which consists of N-acetyl-L-
cysteine (NALC) and a lower concentration (2%) of
sodium hydroxide. This combination gives a better
recovery rate when used together as a mucolytic-decont-
aminant. Liquifaction of the thick mucous in sputum is
necessary to free the mycobateria trapped in it without
harming the mycobacteria, and decontamination kills the
normal flora (bacteria from the mouth, throat and oral
cavity) which interfere with the recovery of mycobacte-
ria. The final product is reduced (concentrated) from the
original 5-10 mL volume, and a portion of the resulting
specimen is transferred by sterile technique to either ster-
ile solid, tube or plate media, and liquid media, while
another portion is used to make several smears on glass
slides for staining.

Acid fast and fluorescent staining

The smears made after the process of decontamina-
tion and digestion of sputum are stained using either an
acid-fast staining procedure or a fluorochrome stain.
Mycobacteria do not stain well with the Gram staining
procedure used routinely in the microbiology laboratory.
Specimens obtained from sterile sites (bone marrow, tis-
sue, etc.) do not need processing and smears are made
directly from the specimen onto glass microscope
slides. Mycobacteria are slightly curved or straight bacil-
li, about 0.2 to 0.6 by 1.0 to 10 micrometers in size. The
cell wall of mycobacteria contains a high lipid content,
and is made up of long-chain, multiply cross-linked fatty
acids (mycolic acids). In the acid-fast staining procedure,
a basic dye, carbolfuchsin stain, is used to stain the cell
wall. The long-chain mycolic acids and waxes in the
mycbacteria cell wall serve to complex the carbol-
fuchsin. The Ziehl-Neelsen acid fast stain for mycobac-
teria uses heat to fix the dye in the cell wall, while the
Kinyoun staining method uses an increased concentra-
tion of basic fuchsin and phenol eliminating the heat
requirement. In the Ziehl-Neelsen procedure, the carbol-
fuchsin stain is left on the smear for five minutes while
heat is applied under the slide by a bunsen burner or a hot
plate. The carbolfuchsin dye penetrates the cell wall and
the excess stain is washed off with a 3% acid-alcohol
mixture (95% ethanol and 3% hydrochloric acid). The
mycobacteria cell wall retains the dye (a red-purple
color) and will not be decolorized (washed out) by the
acid-alcohol, thus the term acid-fast. A second dye,
methylene blue, is used to stain any background materi-
al including any other bacteria that may be present. This
dye results in a light background providing good contrast
to the red-purple stain of the carbolfuchsin dye, thus aid-
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ing in the detection of acid-fast bacilli. If mycobacteria
are present in the smear, the appearance of red-purple
short or long bacilli are observed at 1000 X magnifica-
tion. Some species of mycobacteria appear ‘“beaded”
while others may appear pleomorphic (a mixture of coc-
coid and rod shapes), or filamentous (branching of the
bacillus).

Another staining method used for the detection of
mycobacteria is the auramine-rhodamine fluorochrome
stain. This method requires a fluorescent microscope.
Smears are scanned at a lower magnification (250 X to
400 X). The fluorochrome dyes used in this procedure
complex to the mycolic acids in acid-fast cell walls. The
fluorescing mycobacteria are seen as bright yellow-
orange bacilli against a dark background. Fluorescent
stained smears can be read more rapidly than acid-fast
stains, but there are drawbacks. Mycobacteria spp. that
are rapid-growers may not appear fluorescent with these
stains; artifacts may fluoresce; material on the oil objec-
tive may have floated off a previous positive smear caus-
ing a false-positive reading for the next smear examined.
All positive smears from the auramine-rhodamine fluo-
rochrome method should be confirmed using the Ziehl-
Neelsen method for acid-fast bacilli.

Acid-fast bacillus (AFB) smear report

Laboratories performing staining procedures and
reporting smear results must adhere to guidelines from
the U.S. Department of Health and Human Services
(Public Health Service, Centers for Disease Control,
Atlanta). The rule for reporting acid-fast smears for
mycobacteria requires scanning the smear for a mini-
mum of 15 minutes (at least 300 oil immersion fields)
before calling the slide negative for acid-fast bacilli or
“No AFB seen.” The following are recommended inter-
pretations and ways to report smear results:

« A request for another specimen or a doubtful report is
the result of seeing AFB of 1-2/300 fields for the Ziehl-
Neelsen (Z-N) stain and AFB of 1-2/70 fields for the
auramine-rhodamine (fluorochrome) stain.

* A “1+” report for AFB seen = 1-9/100 fields for the Z-
N method and 2-18/50 fields for the fluorochrome
stain.

* A “2+” report for AFB seen = 1-9/10 fields for the Z-N
method and 4-36/10 fields for the fluorochrome stain.

* A “34” report for AFB seen = 1-9/field for the Z-N
method and 4-36/field for the fluorochrome stain.

* A “44” report for AFB seen = less than 9/field for the
Z-N method and less than 36/field for the fluorochrome
stain.

Culture media and isolation methods

Several types of media are used for the cultivation of
mycobacteria, and each facility determines which ones
are most appropriate for use. A combination of culture
media is often used to optimize recovery of mycobacteria
as well as inhibit the growth of contaminants. Mycobac-
teria require a pH of 6.5-6.8 for growth and grow best at
higher humidity. Commercially prepared solid culture
media (in tubes with screw-top caps) consist of bovine
serum albumin agar-based media (Middle-brook 7H10
and 7H11) and egg-based media (Lowenstein-Jensen).
Liquid media (Middlebrook 7H9) is used to subculture
stock strains or as part of a system (e.g., BACTEC 12B
medium, Septi-Chek AFB) to cultivate and detect growth
of acid-fast bacilli. Mycobacterium spp. grow more rapid-
ly in liquid media; solid media takes approximately 17
days for the isolation of acid-fast bacilli whereas liquid
media takes only about 10 days. The following are
descriptions of three general types of media that are most
often used.

» Lowenstein-Jensen media (L-J) is an egg-potato base
solid media containing malachite green (an inhibitory
agent). The use of L-J media is excellent for the recov-
ery of M. tuberculosis from sterile-site specimens as
well as decontaminated-digested sputum specimens.

Petragnani media is an egg-milk-potato solid medium
also containing malachite green. It is primarily used for
specimens from highly contaminated areas (e.g., fecal
material).

Middlebrook 7H10 media is a liquid based media con-
taining salts, vitamins, cofactors, oleic acid, albumin,
catalase, glycerol, and glucose. This media enhances
the recovery of MAC organisms (Mycobacteria avium
complex).

Each culture medium described above represents a
nonselective formulation, but selective formulations are
also used which contain antibiotics to enhance the growth
of mycobacteria and suppress the growth of contaminat-
ing bacteria. The enhanced formulas are used for speci-
mens that are highly contaminated.

All culture tubes are incubated in an atmosphere of
5-10% CO, (for growth enhancement) even though
mycobacteria are strict aerobes. The tubed media are kept
in a high humidity incubator at 35°C in the dark in a
slanted position with the caps loosened (in order for CO,
to enter the tubes and excess fluid to evaporate). For
specimens obtained from skin or superficial lesions, a
lower temperature (25-30°C) is required for the recovery
of M. marinum and M. ulcerans. A nutritional require-
ment of hemin and a temperature of 30°C are needed for
the recovery of M. haemophilum (cultured from skin
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nodule specimens). If M. xenopi is suspected, a tempera-
ture of 42-45°C is required (cultured from hospital hot
water tanks).

AFB cultures are held for six to eight weeks before
reporting “No growth of AFB.” Cultures are observed
daily for the first two weeks, checking for any growth or
colony formation. Rapid-growing mycobacteria usually
appear on non-selective media in two to three days at
temperatures between 20 to 40°C. The slow-growing
mycobacteria associated with disease require four to six
weeks of incubation on selective media. Since the use of
liquid media allows mycobacteria to grow more rapidly
and is considered the most sensitive primary isolation
media, the Becton Dickinson Diagnostic Instrument
Systems developed the BACTEC System. The BACTEC
System utilizes Liquid Middlebrook 7H12 and 7H13 in
an automated radiometric culture system. The broth is
placed in commercially prepared vials containing a 14C-
labeled substrate (palmitic acid) used by mycobacteria,
liberating radioactive carbon dioxide (14C0,) into the
upper part of the vial. The 14 CO, liberated is detected by
the BACTEC 460 (instrument) and is recorded as a
“growth index” denoting growth of mycobacteria in the
vial of broth. This method of growth significantly
improves the isolation rate of mycobacteria compared
with conventional isolation using solid tubed media. The
BACTEC vials must be checked within four days of
inoculation. This method detects Mycobacteria spp.
growth in clinical specimens in less than two weeks com-
pared to four to six weeks for conventional methods.

Non-radiometric automated systems are also avail-
able for the detection of growth and recovery of
mycobacteria from clinical specimens. An example is the
Septi-Chek AFB system (BBL-Becton Dickinson
Microbiology Systems) that detects, isolates, rapidly
identifies, and performs antibiotic susceptibility testing.
This is a biphasic media system (a bottle containing liq-
uid media and solid media) that uses growth enhancing
factors and antimicrobial agents in the liquid and three
different solid media on a paddle inserted in the top of
the vial. This system rapidly grows, isolates, and pre-
sumptively identifies M. tuberculosis (i.e., differentiates
it from other mycobacteria).

Identification

Based on the volume of specimens submitted, the
ability of performance, and the expertise of the clinical
laboratory personnel, the American Thoracic Society
(ATS) and the College of American Pathologists (CAP)
have recommended levels of service for clinical labora-
tories testing of mycobacteria. The ATS recommends

four levels of testing while the CAP lists three levels. The
three levels of service recommended by CAP are:

» Level 1. Specimen collection only; no identification
procedures performed with all specimens sent to other
qualified laboratories.

« Level II. Perform microscopy; isolate and identify and
sometimes perform susceptibility tests for M. tuber-
culosis.

e Level III. Perform microscopy; isolate, identify, and
perform susceptibility testing for all species of
Mycobacterium.

Identification of Mycobacteria spp. by qualified
clinical laboratories entails several of the following:

» Confirmation that the isolate recovered in broth or on
solid media is an acid-fast organism.

 Categorize (presumptively) the isolate by phenotypic
characteristics, such as colony morphology, photoreac-
tivity, growth rate, and optimum growth temperature.

« Identification through tests based on enzyme systems
of the organism, metabolic by-products, and inhibition
of growth by exposure to selected biochemicals.

» Chromatographic detection of mycolic acid.

« Identification by DNA hybridization (e.g., Gen-Probe-
San Diego, Calif.)

« Identification by PCR (polymerse chain reaction) tests.

The biochemical tests most often utilized are niacin
accumulation, nitrate reduction, TCH (inhibition of
growth when exposed to thiophene-2-carboxylic acid
hydrazide), growth in 5% NaCl, tellurite reduction,
growth on MacConkey agar, catalase, hydrolysis of
Tween 80, iron uptake, and tests for the enzymes aryl-
sulfatase, urease, and pyrazinamidase. Biochemical test-
ing is time consuming and may take several weeks to
obtain results. Molecular methods (DNA and PCR) are
becoming increasingly available commercially and allow
for identification and detection of mycobacteria faster,
with less cost and more specificity.

Antibiotic susceptibility testing for tuberculosis

The susceptibility testing for Mycobacteria tubercu-
losis is done on a pure culture which may take two to
three weeks to prepare after the initial culture has grown.
Thus, a total of five to seven weeks is not uncommon
before the physician finally receives an antibiotic suscep-
tibility report for a patient with a positive MTB culture.
However, rapid testing systems mentioned previously
may be used for susceptibility testing, which reduces the
time considerably.
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Once the physician receives the initial smear report
(i.e., positive AFB on smear) and the initial culture report
(presumptive M. tuberculosis isolated), the patient is
given two or more primary drugs (first-line drugs) to ini-
tiate treatment that may require six to nine months of
drug therapy. The first line (primary drugs) drugs tested
in vitro include isoniazid (INH), rifampin, pyrazinamide,
ethambutol, and streptomycin. After three months of
therapy, patients are again cultured. If the cultures are
still positive, re-testing of different or secondary drugs
is done. The second-line drugs include ethionamide,
capreomycin, cycloserine, kanamycin, pyrazinamide,
amikacin, ciprofloxacin, ofloxacin, rifabutin, and para-
aminosalicylic acid.

The methods used for susceptibility testing are:
radiometric (BACTEC System); proportional; resistance
ratio (agar dilution and disk elution); and absolute con-
centration methods. It is important to isolate and deter-
mine the susceptibility pattern for M. tuberculosis
because of the increase in multidrug-resistant cases in the
United States.

Preparation

Prior to breakfast, the patient will be asked to pro-
vide a 5-10 mL specimen of sputum delivered into a ster-
ile cup with a screw top lid. Obtaining an appropriate
sample will require that the patient cough deeply several
times to bring up the sputum. Failure to do so will result
in a specimen containing saliva or post-nasal drip, which
are both considered sample contaminants.

Aftercare

There are not specific requirements for care after
obtaining the specimen.

Complications

There are no complications associated with this test.

Results

The acid-fast smear report will indicate “no AFB
seen” if results are negative. If positive, the report should
be documented as described above. For cultures, “no
growth of AFB” on any medium after eight weeks is con-
sidered a negative test. Growth on any medium is tested
for acid-fastness and if positive, a preliminary report of a
positive culture for Mycobacterium spp. is submitted. A
final report of the mycobacterium species identified and
antibiotic susceptibility is submitted as soon as results
are available. The antibiotic susceptibility report indi-

cates one of three conditions for each drug: sensitive,
equivocal, or resistant.

Health care team roles

A physician orders and interprets the report for an
acid-fast culture. A nurse, physician assistant, or respira-
tory therapist assists in sputum or sample collection. A
clinical laboratory scientist/medical technologist who is
specially trained in mycobacteriology performs the
microbiological testing.
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Acquired immunodeficiency syndrome see
AIDS

I Activities of daily living
evaluation
Definition

An activities of daily living (ADL) evaluation is an
assessment of an individual’s physical and sometimes
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Activities of daily living

KEY TERMS

Adaptation—Altering a tool used in performing a
task so that the patient is better able to function
independently or with minimal assistance.

Dressing stick—A long rod with a hook attached
to the end that a patient uses in place of the
hands. Typically a dressing rod would be used to
pull on a pair of pants or socks.

Home modification—Altering the physical envi-
ronment of the home so as to remove hazards and
provide an environment that is more functional for
the patient. Examples of home modification
include installing grab bars and no-slip foot mats
in the bathroom to prevent falls.

mental skills. In the area of physical or occupational
therapy, it reflects how well a disabled patient or some-
one recovering from disease or accident can function in
daily life. It is also used to determine how well patients
relate to and participate in their environment.

Purpose

ADL evaluations help practitioners determine how
independent patients are and what skills they can accom-
plish on their own, as well as to gauge how independent
each individual can become after intervention by a health
professional. The goal of practitioners performing ADL
evaluations is to help patients become as independent as
possible, using appropriate adaptations if needed.

Description

Many ADL indexes exist, such as the Katz Index,
Revised Kenny Self-Care Evaluation, and the Barthel
Index. These indexes typically evaluate patients on their
self-care skills and rate each individual according to how
functional they are. Scoring is based on how independ-
ently a task can be performed and whether supervision or
assistance is needed in performing the task.

Basic ADL versus Instrumental ADL

Basic activities of daily living are those skills need-
ed in typical daily self care. An evaluation would, in part,
consist of bathing, dressing, feeding, and toileting. The
evaluator would examine various activities in each cate-
gory to determine the patient’s skill. Afterward it can be
determined what, if any, changes will be necessary to
allow the patient to function as independently as possible.

Instrumental activities of daily living refer to skills
beyond basic self care that evaluate how individuals func-
tion within their homes, workplaces, and social environ-
ments. Instrumental ADLs may include typical domestic
tasks, such as driving, cleaning, cooking, and shopping,
as well as other less physically demanding tasks such as
operating electronic appliances and handling budgets. In
the work environment, an ADL evaluation assesses the
qualities necessary to perform a job, such as strength,
endurance, manual dexterity, and pain management.

If a person is being treated following an injury or dis-
order diagnosis, whether an intervention is needed
depends upon how severe his or her functional ability has
been affected. If an individual’s ADL function is not
restored, a health care professional will perform an inter-
vention, which entails helping the individual adapt to per-
manent dysfunction or regain meaningful function. How
well an individual must be able to perform these tasks
depends upon the living setting he or she is returning to,
whether it is a full custodial facility, assisted living com-
munity, or living at home on his or her own.

Complications

Returning a client to full meaningful function can be
problematic for individuals who do not have the motiva-
tion to do so. A holistic approach to treatment is most
important in cases such as these, and physical and occu-
pation therapists are trained to evaluate not only the
physical disability or dysfunction of an individual, but
also the person’s mental health and well-being.
Occupational therapists can address mental health issues
resulting from injury or disorder diagnosis, such as
depression. However, in cases where a patient has sus-
tained a permanent cognitive disability and is learning-
impaired, it is more effective and appropriate for the
occupational therapist to teach family members or a care-
taker how to perform daily tasks for the patient.

Results

Interventions implemented to increase function
include adaptations and home modification. Adaptations
are devices that can enhance the usability of everyday
items for individuals who have a limited range of motion.
Home modification involves the process of making one’s
living environment more functional for ADL.

Adaptations

There are several ways that adaptations can be used
to make common household items more functional. For
example, patients commonly have a weakened grasp that
is insufficient to hold heavy or small objects, so enhance-
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ments such as easily gripped handles could be added to
small objects, such as eating utensils or personal groom-
ing items. Other adaptations may involve the use of
unique tools to facilitate tasks, such as using a long rod
with a hook at one end, known as a dressing stick, to pull
on pants or socks. Adaptations may involve altering the
environment to aid in other tasks, such as providing ade-
quate lighting or magnifying lenses to compensate for a
vision impairment.

Home modifications

Home modification has become a major area for
occupational therapists to practice. In order for patients
to return home or go to a group setting, the physical envi-
ronment of the house or facility may have to be altered to
make ADL function better. Common examples of home
modifications include the installation of grab bars in the
shower, toilet area and hallways; lower kitchen counters
for easier access to wheelchair-bound individuals; and
the elimination of potential trip points, such as loose
throw rugs and slight changes in floor elevation.

Health care team roles

Occupational therapists and physical therapists are
the two primary disciplines most qualified to assess ADL
function and recommend the appropriate intervention
and modifications in one’s home and work environment.
Physical therapists might focus primarily on a patient’s
mobility and ambulation, while the occupational thera-
pist might focus on more specific tasks described above.

Resources
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I Acupressure
Definition

Acupressure is a form of touch therapy that utilizes
the principles of acupuncture and Chinese medicine. In
acupressure, the same points on the body are used as in
acupuncture, but are stimulated with finger pressure
instead of with the insertion of needles. Acupressure is
used to relieve a variety of symptoms and pain.

Origins

One of the oldest text of Chinese medicine is the
Huang Di, The Yellow Emperor’s Classic of Internal
Medicine, which may be at least 2,000 years old. Chinese
medicine has developed acupuncture, acupressure, herbal
remedies, diet, exercise, lifestyle changes, and other
remedies as part of its healing methods. Nearly all of the
forms of Oriental medicine that are used in the West
today, including acupuncture, acupressure, shiatsu, and
Chinese herbal medicine, have their roots in Chinese
medicine. One legend has it that acupuncture and acu-
pressure evolved as early Chinese healers studied the
puncture wounds of Chinese warriors, noting that certain
points on the body created interesting results when stim-
ulated. The oldest known text specifically on acupunc-
ture points, the Systematic Classic of Acupuncture, dates
back to 282 A.D. Acupressure is the non-invasive form of
acupuncture, as Chinese physicians determined that stim-
ulating points on the body with massage and pressure
could be effective for treating certain problems.

Outside of Asian-American communities, Chinese
medicine remained virtually unknown in the United
States until the 1970s, when Richard Nixon became the
first U.S. president to visit China. On Nixon’s trip, jour-
nalists were amazed to observe major operations being
performed on patients without the use of anesthetics.
Instead, wide-awake patients were being operated on,
with only acupuncture needles inserted into them to con-
trol pain. At that time, a famous columnist for the New
York Times, James Reston, had to undergo surgery and
elected to use acupuncture for anesthesia. Later, he wrote
some convincing stories on its effectiveness. Despite
being neglected by mainstream medicine and the
American Medical Association (AMA), acupuncture and
Chinese medicine became a central to alternative medi-
cine practitioners in the United States. Today, there are
millions of patients who attest to its effectiveness, and
nearly 9,000 practitioners in all 50 states.

Acupressure is practiced as a treatment by Chinese
medicine practitioners and acupuncturists, as well as by
massage therapists. Most massage schools in American
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Acupressure

Therapist working acupressure points on a woman’s shoulder. (Photo Researchers, Inc. Reproduced by permission.)

include acupressure techniques as part of their bodywork
programs. Shiatsu massage is very closely related to acu-
pressure, working with the same points on the body and
the same general principles, although it was developed
over centuries in Japan rather than in China. Reflexology
is a form of bodywork based on acupressure concepts.
Jin Shin Do is a bodywork technique with an increasing
number of practitioners in America that combines acu-
pressure and shiatsu principles with qigong, Reichian
theory, and meditation.

Benefits

Acupressure massage performed by a therapist can
be very effective both as prevention and as a treatment
for many health conditions, including headaches, gener-
al aches and pains, colds and flu, arthritis, allergies,
asthma, nervous tension, menstrual cramps, sinus prob-
lems, sprains, tennis elbow, and toothaches, among oth-
ers. Unlike acupuncture which requires a visit to a pro-
fessional, acupressure can be performed by a layperson.
Acupressure techniques are fairly easy to learn, and have
been used to provide quick, cost-free, and effective relief
from many symptoms. Acupressure points can also be
stimulated to increase energy and feelings of well-being,

reduce stress, stimulate the immune system, and allevi-
ate sexual dysfunction.

Description
Acupressure and Chinese medicine

Chinese medicine views the body as a small part of
the universe, subject to laws and principles of harmony
and balance. Chinese medicine does not make as sharp a
destinction as Western medicine does between mind and
body. The Chinese system believes that emotions and
mental states are every bit as influential on disease as
purely physical mechanisms, and considers factors like
work, environment, and relationships as fundamental to a
patient’s health. Chinese medicine also uses very differ-
ent symbols and ideas to discuss the body and health.
While Western medicine typically describes health as
mainly physical processes composed of chemical equa-
tions and reactions, the Chinese use ideas like yin and
yang, chi, and the organ system to describe health and the
body.

Everything in the universe has properties of yin and
yang. Yin is associated with cold, female, passive, down-
ward, inward, dark, wet. Yang can be described as hot,
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male, active, upward, outward, light, dry, and so on.
Nothing is either completely yin or yang. These two prin-
ciples always interact and affect each other, although the
body and its organs can become imbalanced by having
either too much or too little of either.

Chi (pronounced chee, also spelled gi or ki in
Japanese shiatsu) is the fundamental life energy. It is
found in food, air, water, and sunlight, and it travels
through the body in channels called meridians. There are
12 major meridians in the body that transport chi, corre-
sponding to the 12 main organs categorized by Chinese
medicine.

Disease is viewed as an imbalance of the organs and
chi in the body. Chinese medicine has developed intricate
systems of how organs are related to physical and mental
symptoms, and it has devised corresponding treatments
using the meridian and pressure point networks that are
classified and numbered. The goal of acupressure, and
acupuncture, is to stimulate and unblock the circulation
of chi, by activating very specific points, called pressure
points or acupoints. Acupressure seeks to stimulate the
points on the chi meridians that pass close to the skin, as
these are easiest to unblock and manipulate with finger
pressure.

Acupressure can be used as part of a Chinese physi-
cian’s prescription, as a session of massage therapy, or
as a self-treatment for common aches and illnesses. A
Chinese medicine practitioner examines a patient very
thoroughly, looking at physical, mental, and emotional
activity, taking the pulse usually at the wrists, examining
the tongue and complexion, and observing the patient’s
demeanor and attitude, to get a complete diagnosis of
which organs and meridian points are out of balance.
When the imbalance is located, the physician will recom-
mend specific pressure points for acupuncture or acupres-
sure. If acupressure is recommended, the patient might
opt for a series of treatments from a massage therapist.

In massage therapy, acupressurists will evaluate a
patient’s symptoms and overall health, but a massage
therapist’s diagnostic training isn’t as extensive as a
Chinese physician’s. In a massage therapy treatment, a
person usually lies down on a table or mat, with thin
clothing on. The acupressurist will gently feel and palpate
the abdomen and other parts of the body to determine
energy imbalances. Then, the therapist will work with dif-
ferent meridians throughout the body, depending on
which organs are imbalanced in the abdomen. The thera-
pist will use different types of finger movements and
pressure on different acupoints, depending on whether the
chi needs to be increased or dispersed at different points.
The therapist observes and guides the energy flow
through the patient’s body throughout the session.

Sometimes, special herbs (Artemesia vulgaris or moxa)
may be placed on a point to warm it, a process called mox-
ibustion. A session of acupressure is generally a very
pleasant experience, and some people experience great
benefit immediately. For more chronic conditions, sever-
al sessions may be necessary to relieve and improve con-
ditions.

Acupressure massage usually costs from $30-70 per
hour session. A visit to a Chinese medicine physician or
acupuncturist can be more expensive, comparable to a
visit to an allopathic physician if the practitioner is an
MD. Insurance reimbursement varies widely, and con-
sumers should be aware if their policies cover alternative
treatment, acupuncture, or massage therapy.

Self-treatment

Acupressure is easy to learn, and there are many
good books that illustrate the position of acupoints and
meridians on the body. It is also very versatile, as it can
be done anywhere, and it’s a good form of treatment for
spouses and partners to give to each other and for parents
to perform on children for minor conditions.

While giving self-treatment or performing acupres-
sure on another, a mental attitude of calmness and atten-
tion is important, as one person’s energy can be used to
help another’s. Loose, thin clothing is recommended.
There are three general techniques for stimulating a pres-
sure point.

« Tonifying is meant to strengthen weak chi, and is done
by pressing the thumb or finger into an acupoint with a
firm, steady pressure, holding it for up to two minutes.

« Dispersing is meant to move stagnant or blocked chi,
and the finger or thumb is moved in a circular motion
or slightly in and out of the point for two minutes.

+ Calming the chi in a pressure point utilizes the palm to
cover the point and gently stroke the area for about two
minutes.

There are many pressure points that are easily found
and memorized to treat common ailments from
headaches to colds.

« For headaches, toothaches, sinus problems, and pain in
the upper body, the “LI4” point is recommended. It is
located in the web between the thumb and index finger,
on the back of the hand. Using the thumb and index fin-
ger of the other hand, apply a pinching pressure until
the point is felt, and hold it for two minutes. Pregnant
women should never press this point.

To calm the nerves and stimulate digestion, find the
“CV12” point that is four thumb widths above the navel
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Acupressure

KEY TERMS

Acupoint—A pressure point stimulated in acu-
pressure.

Chi—Basic life energy.

Meridian—A channel through which chi travels in
the body.

Moxibustion—An acupuncture technique that
burns the herb moxa or mugwort.

Shiatsu—Japanese form of acupressure massage.

Yin/yang—Universal characteristics used to

describe aspects of the natural world.

in the center of the abdomen. Calm the point with the
palm, using gentle stroking for several minutes.

To stimulate the immune system, find the “THS5” point
on the back of the forearm two thumb widths above the
wrist. Use a dispersing technique, or circular pressure
with the thumb or finger, for two minutes on each arm.

For headaches, sinus congestion, and tension, locate the
“GB20” points at the base of the skull in the back of the
head, just behind the bones in back of the ears. Disperse
these points for two minutes with the fingers or thumbs.
Also find the “yintang” point, which is in the middle of
the forehead between the eyebrows. Disperse it with
gentle pressure for two minutes to clear the mind and to
relieve headaches.

Precautions

Acupressure is a safe technique, but it is not meant
to replace professional health care. A physician should
always be consulted when there are doubts about medical
conditions. If a condition is chronic, a professional
should be consulted; purely symptomatic treatment can
exacerbate chronic conditions. Acupressure should not be
applied to open wounds, or where there is swelling and
inflammation. Areas of scar tissue, blisters, boils, rashes,
or varicose veins should be avoided. Finally, certain
acupressure points should not be stimulated on people
with high or low blood pressure and on pregnant
women.

Research and general acceptance

In general, Chinese medicine has been slow to gain
acceptance in the West, mainly because it rests on ideas
very foreign to the scientific model. For instance,
Western scientists have trouble with the idea of chi, the

invisible energy of the body, and the idea that pressing on
certain points can alleviate certain conditions seems
sometimes too simple for scientists to believe.

Western scientists, in trying to account for the action
of acupressure, have theorized that chi is actually part of
the neuroendocrine system of the body. Celebrated ortho-
pedic surgeon Robert O. Becker, who was twice nomi-
nated for the Nobel Prize, wrote a book on the subject
called Cross Currents: The Promise of Electromedicine;
The Perils of Electropollution. By using precise electrical
measuring devices, Becker and his colleagues showed
that the body has a complex web of electromagnetic ener-
gy, and that traditional acupressure meridians and points
contained amounts of energy that non-acupressure points
did not.

The mechanisms of acupuncture and acupressure
remain difficult to document in terms of the biochemical
processes involved; numerous testimonials are the pri-
mary evidence backing up the effectiveness of acupres-
sure and acupuncture. However, a body of research is
growing that verifies the effectiveness in acupressure and
acupuncture techniques in treating many problems and in
controlling pain.

Training and certification

There are two routes to becoming trained in the skill
of acupressure. The first is training in traditional
acupuncture and Chinese medicine, which has many
schools and certifying bodies around the country. The
majority of acupressure practitioners are trained as certi-
fied massage therapists, either as acupressure or shiatsu
specialists.

The Acupressure Institute provides certification and
resources for acupressure practitioners. Address: 1533
Shattuck Ave., Berkeley, CA 94709, phone (510) 845-
1059, website: www.acupressure.com.

The American Oriental Bodywork Therapy
Association (AOBTA) certifies acupressure practitioners
and has over 1,400 members. It also provides a list of
schools and training programs. Address: 1010
Haddonfield-Berlin Road, Suite 408, Voorhees, NJ
08043, phone (856) 782-1616, email: AOBTA
@prodigy.net.

The Jin Shin Do Foundation for Body/Mind
Acupressure is an international network of teachers and
practitioners. Address: 1084G San Miguel Canyon Road,
Royal Oaks, CA 95076, phone (408) 763-7702.

The largest organization that certifies massage ther-
apists, with over 40,000 members worldwide, is the
American Massage Therapy Association. It also has a
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member directory and lists of training programs.
Website: www.amtamassage.org.
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I Acute kidney failure
Definition

Acute kidney failure (AKF) occurs when there is
a sudden reduction in kidney function that results in
nitrogenous wastes accumulating in the blood (azotemia).

Description

The kidneys are the body’s natural filtration system.
They perform the critical task of processing approximate-
ly 200 quarts of fluid in the bloodstream every 24 hours.
Waste products like urea and toxins, along with excess
fluids, are removed from the bloodstream in the form of
urine. Kidney (or renal) failure occurs when kidney func-
tioning becomes impaired somehow. Fluids and toxins
begin to accumulate in the bloodstream. As fluids build
up in the bloodstream, the patient with AKF may become
puffy and swollen (edematous) in the face, hands, and
feet. Their blood pressure typically begins to rise, and
they may experience fatigue and nausea. Often urine out-
put decreases drastically or is not produced at all.

Unlike chronic kidney failure, which is long term
and irreversible, acute kidney failure is often a temporary
condition. With proper and timely treatment, it can many

times be reversed, leaving no permanent or serious dam-
age to the kidneys.

Causes and symptoms

Acute kidney failure appears most frequently as a
complication of serious illness, like heart and/or liver
failure, serious infection, dehydration, severe burns,
and excessive bleeding (hemorrhage). It may also be
caused by an obstruction to the urinary tract or as a direct
result of kidney disease, injury, or an adverse reaction to
medicine. These conditions divide AKF into three main
categories: prerenal, postrenal, and intrinsic (inside)
conditions.

Prerenal AKF does not damage the kidney, but can
cause diminished kidney function and significantly
decreased renal (kidney) blood flow. It is the most com-
mon type of acute renal failure, and is often the result of:

* dehydration

extracellular fluid (ECF) volume depletion (or other
acute fluid loss from the gastrointestinal tract, kidneys,
or skin)

drugs (NSAIDS, cyclosporine, radiopaque contrast
materials, or any substance toxic to the kidneys)

hemorrhage

septicemia, or sepsis

congestive heart failure (CHF)

liver failure

* burns

decreased intravascular volume (referred to as third
spacing, also found in the presence of pancreatitis,
post surgical patients, and patients with a nephrotic
syndrome)

Postrenal AKF is the result of an obstruction of some
kind somewhere in the urinary tract, often in the bladder
or ureters (the tubes leading from the kidney to the blad-
der). The kidneys compensate to such a degree that one
kidney can be completely obstructed and the other will
maintain nearly normal kidney function for the body. The
conditions that often cause postrenal AKF are:

« inflammation of the prostate gland in men (prostatitis)

« enlargement of the prostate gland (benign prostatic
hypertrophy)

« bladder or pelvic tumors
« kidney stones (calculi)

Intrinsic AKF involves a type of kidney disease or
direct injury to the kidneys. This type of AKF accounts
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Acute kidney failure

for 20-30% of AKF reported among hospitalized
patients. Intrinsic AKF can result from:

* lack of blood supply to the kidneys (ischemia)

» use of radiocontrast agents in patients with kidney
problems

* drug abuse or overdose

« long-term use of nephrotoxic medications, like certain
pain medicines

acute inflammation of the glomeruli, or filters, of the
kidney (glomerulonephritis)

kidney infections (pyelitis or pyelonephritis)

infiltration by lymphoma, leukemia, or sarcoid car-
cinomas

Common symptoms of AKF include:

Anemia. The kidneys are responsible for producing
erythropoietin (EPO), a hormone that stimulates red
blood cell production. If kidney disease causes shrink-
ing of the kidney, red blood cell production is reduced,
leading to anemia.

Bad breath or bad taste in mouth. Urea in the saliva
may cause an ammonia-like taste in the mouth.

Bone and joint problems. The kidneys produce vitamin
D, which helps the body absorb calcium and keeps
bones strong. For patients with kidney failure, bones
may become brittle. In children, normal growth may be
stunted. Joint pain may also occur as a result of high
phosphate levels in the blood. Retention of uric acid
may cause gout.

Edema. Puffiness or swelling in the arms, hands, feet,
and around the eyes.

Frequent urination.

Foamy or bloody urine. Protein in the urine may cause
it to foam significantly. Blood in the urine may indicate
bleeding from diseased or obstructed kidneys, bladder,
or ureters.

Cola-colored urine followed by oliguria (decreased
urine output) or anuria (no urine output)

Headaches.
headaches.

High blood pressure may trigger

Hypertension, or high blood pressure. The retention of
fluids and wastes causes blood volume to increase. This
makes blood pressure rise.

Increased fatigue. Toxic substances in the blood and the
presence of anemia may cause the patient to feel
exhausted.

Itching. Phosphorus, normally eliminated in the urine,
accumulates in the blood of patients with kidney fail-

ure. An increased phosphorus level may cause the skin
to itch.

» Lower back pain. Patients suffering from certain kidney
problems (like kidney stones and other obstructions)
may have pain where the kidneys are located, in the
small of the back below the ribs.

e Nausea. Urea in the gastric juices may cause upset
stomach.

Diagnosis

Kidney failure is diagnosed by a doctor, whether the
patient is in the hospital or seen as an outpatient. He or
she will take a complete medical history and make a thor-
ough review of the patient’s medical record, looking for
exposure to nephrotoxic (medicines that can be hard on
the kidneys) drugs or other clues to the patient’s condi-
tion. The physician will then conduct a thorough physi-
cal examination, making a careful assessment of the
patient’s ECF volume and effective circulating blood vol-
ume (EBV). A nephrologist, a doctor that specializes in
the kidney, may be consulted to confirm the diagnosis
and recommend treatment options. He or she will look
for a recent history of changes in body weight and try and
determine whether the patient is taking in much more
fluid than he or she is excreting. Capillary wedge pres-
sure and cardiac output values are also effective tools in
pinpointing the cause and extent of the AKF.

The patient that is suspected of having AKF will
have blood and urine tests to determine the level of kid-
ney function. A blood test will assess the levels of creati-
nine, blood urea nitrogen (BUN), uric acid, phosphate,
sodium, and potassium. The kidney regulates these
agents in the blood. Urine samples will also be collected,
usually over a 24-hour period, to assess protein loss
and/or creatinine clearance.

Determining the cause of kidney failure is critical to
proper treatment. Prerenal or obstructive causes are often
looked into first because they are the quickest types of
AKEF to treat. A full assessment of the kidneys is neces-
sary to determine if the underlying disease is treatable
and if the kidney failure is chronic or acute. X rays, mag-
netic resonance imaging (MRI), computed tomography
scan (CT), ultrasound, renal biopsy, and/or arteriogram of
the kidneys may be used to determine the cause of kidney
failure and level of remaining kidney function. X rays
and ultrasound of the bladder and/or ureters may also be
needed.

Treatment

Treatment for AKF varies, since it is directed to the
underlying, primary medical condition that triggered the
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kidney failure. Prerenal conditions may be treated with
replacement fluids given through a vein, diuretics, blood
transfusion, restricted salt intake, or medications.
Postrenal conditions and intrarenal conditions may
require surgery and/or medication.

Frequently, patients in AKF require hemodialysis,
hemofiltration, or peritoneal dialysis to filter fluids and
wastes from the bloodstream until the primary medical
condition can be controlled.

Hemodialysis

Hemodialysis involves circulating the patient’s
blood outside of the body through an extracorporeal cir-
cuit (ECC), or dialysis circuit. The ECC is made up of
plastic blood tubing, a filter known as a dialyzer (or arti-
ficial kidney), and a dialysis machine that monitors and
maintains blood flow and administers dialysate.
Dialysate is a sterile chemical solution that is used to
draw waste products out of the blood. The patient’s blood
leaves the body through the vein and travels through the
ECC and the dialyzer, where fluid removal takes place.

During dialysis, waste products in the bloodstream
are carried out of the body. At the same time, electrolytes
and other chemicals are added to the blood. The purified,
chemically-balanced blood is then returned to the body.

A dialysis “run” typically lasts three to four hours,
depending on the type of dialyzer used and the physical
condition of the patient. Dialysis is used several times a
week until AKF has resolved.

Blood pressure changes associated with hemodialy-
sis may pose a risk for patients with heart problems.
Peritoneal dialysis may be the preferred treatment
option in these cases.

Hemofiltration

Hemofiltration, also called continuous renal replace-
ment therapy (CRRT), is a slow, continuous blood filtra-
tion therapy used to control acute kidney failure in criti-
cally ill patients. These patients are typically very sick
and may have heart problems or circulatory problems.
They cannot endure the rapid filtration rates of hemodial-
ysis. They also frequently need antibiotics, nutrition,
vasopressors, and other fluids given through a vein to
treat their primary condition. Because hemofiltration is
continuous, prescription fluids can be given to patients in
kidney failure without the risk of fluid overload.

Like hemodialysis, hemofiltration uses an ECC. A
hollow fiber hemofilter is used instead of a dialyzer to
remove fluids and toxins. Instead of a dialysis machine,
a blood pump makes the blood flow through the ECC.
The volume of blood circulating through the ECC in

hemofiltration is less than that in hemodialysis. Filtration
rates are slower and gentler on the circulatory system.
Hemofiltration treatment will generally be used until kid-
ney failure is reversed.

Peritoneal dialysis

Peritoneal dialysis may be used if the patient in AKF
is stable and not in immediate crisis. In peritoneal dialy-
sis (PD), the lining of the patient’s abdomen, the peri-
toneum, acts as a blood filter. A flexible tube-like instru-
ment (catheter) is surgically inserted into the patient’s
abdomen. During treatment, the catheter is used to fill the
abdominal cavity with dialysate. Waste products and
excess fluids move from the patient’s bloodstream into
the dialysate solution. After a certain time period, the
waste-filled dialysate is drained from the abdomen, and
replaced with clean dialysate. There are three types of
peritoneal dialysis, which vary according to treatment
time and administration method.

Peritoneal dialysis is often the best treatment option
for infants and children. Their small size can make vein
access difficult to maintain. It is not recommended for
patients with abdominal adhesions or other abdominal
defects (like a hernia) that might reduce the efficiency of
the treatment. It is also not recommended for patients
who suffer frequent bouts of an inflammation of the
small pouches in the intestinal tract (diverticulitis).

Prognosis

Because many of the illnesses and underlying condi-
tions that often trigger AKF are critical, the prognosis for
these patients many times is not good. Studies have esti-
mated overall death rates for AKF at 42-88%. Many peo-
ple, however, die because of the primary disease that has
caused the kidney failure. These figures may also be mis-
leading because patients who experience kidney failure
as a result of less serious illnesses (like kidney stones or
dehydration) have an excellent chance of complete
recovery. Early recognition and prompt, appropriate
treatment are key to patient recovery.

Survival statistics also depend on the type of AKF
the patient has, age at time of onset, and general health.
If the patient has prerenal AKF, there is a good recovery
prognosis, but the mortality rate is higher among those
who fail to respond to diuretics and vasodilator therapy.
Since 1980, age has become a risk factor that increased
mortality in patients with acute tubular necrosis (ATN),
an intrinsic form of AKF.

Up to 10% of patients who experience AKF will suf-
fer irreversible kidney damage. They will eventually go
on to develop chronic kidney failure or end-stage renal
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Acute kidney failure

KEY TERMS

Anuria—When the body ceases to make urine
entirely or falls below 100 mls.

Azotemia—Too many nitrogenous compounds in
the blood caused by the kidneys’ failure to remove
urea from the blood.

Blood urea nitrogen (BUN)—A waste product that
is formed in the liver and collects in the blood-
stream; patients with kidney failure have high BUN
levels.

Capillary wedge pressure—The blood pressure
inside of a capillary.

Cardiac output—The volume of blood pushed out
by the ventricles.

Creatinine—A protein produced by muscle that
healthy kidneys filter out.

Edema—The abnormal accumulation of fluid in the
interstitial spaces of tissue.

Electrolytes—An element or a compound that can
break into ions and conduct electrical current when
melted or dissolved in water.

Erythropoietin (EPO)—A glycoprotein hormone
made in the kidneys.

Extracellular fluid (ECF)—That part of body fluid
made of interstitial fluid and blood plasma.

Extracorporeal—Outside of, or unrelated to, the
body.

disease. These patients will require long-term dialysis or
kidney transplantation to replace their lost renal func-
tioning.

Health care team roles

The patient who suffers from AKF will come in con-
tact with a number of different health care professionals
during both the diagnosis and treatment phase of the ill-
ness. Patients will require (according to the type and
severity of their condition) laboratory work, diagnostic
radiology services, pharmaceutical and nutritional inter-
ventions, dialysis (in some cases), nursing care, and dis-
ease management by a nephrologist.

The medical history, taken by a physician in the
emergency room, the patient’s family doctor, a fellow
nurse practitioner, physician’s assistant (PA), or a
nephrologist is the most essential tool in determining the

Glomeruli—The tiny structures that perform the
actual mechanical filtering in the kidney.

Gout—A condition caused by error in uric acid
metabolism.

Interstitial—The space between cells.

Intravascular volume—The volume of fluid inside
a blood vessel.

Intrinsic—Starting from or situated inside an organ
or tissue.

Ischemia—A lack of blood supply to an organ or
tissue.

Lymphoma—Cancer of the lymph tissue.

Nephritis—Inflammation and abnormal function-
ing of the kidney.

Nephrologist—A physician who specializes in
treating diseases of the kidney.

Nephrotoxic—Toxic, or damaging, to the kidney.
NSAIDS—Non-steroidal, antiinflammatory drug.
Oliguria—Abnormally low urine production.

Radiocontrast agents—Dyes administered to a
patient for the purposes of a radiologic study.

Sepsis—A bacterial infection of the bloodstream.
Urea—A systemic diuretic.

Vasopressors—Medications that constrict the blood
vessels.

cause and type of AKF. The admitting physician or
nephrologist will conduct a thorough physical, looking at
the following areas for specific clues.

Skin. Checking the patient for areas of small, purple
or red spots (petechiae), hemorrhage beneath the skin
(purpura), and bluish discoloration of a fairly large area
of the skin (ecchymosis) can lead to a diagnosis of an
inflammatory or vascular cause for the AKF.

Eyes. Certain conditions in the eyes can point to a
diagnosis of interstitial nephritis (inflammation between
the cells and tissues of the kidney) or necrotizing vas-
culitis (inflammed blood vessels).

Cardiovascular and volume status. Evaluating the
condition of the heart and the rest of the circulatory sys-
tem plus volume status (fluid balance) is the most
important part of diagnosing and managing AKF. Nurses
and nurses’ aides will measure and chart daily intake and
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output (measuring how much fluid the patient takes in
and how much he or she excretes in a 24-hour period of
time). This is one of the best ways to get a good estimate
of volume status. The pulse rate and blood pressure will
be taken by the physician, nurses, and nurses’ aides often
in both the upright (standing or sitting on the side of the
bed with legs dangling down) and supine (lying down)
positions. The physician will also check the pulse in the
neck, examine the heart and Iungs, and check for edema
(fluid buildup) in the arms and legs. Different combina-
tions of the results of these assessments point to different
causes for and types of AKF.

Abdomen. The physician will feel for signs of uri-
nary tract obstruction by palpating (pressing) on the
bladder and the upper corners of the abdomen that may
reveal an obstruction in the ureter (tube between the kid-
ney and the bladder) somewhere. If the entire abdomen is
unusually swollen and filled with fluid (ascites), the AKF
may be the result of liver failure.

Arms and legs (extremities). The physican and nurs-
ing staff will check the patients arms and legs for edema
at the time of diagnosis and throughout treatment. Edema
in the arms and legs is a sign of a decrease in oxygenat-
ed blood (ischemia), muscle tenderness from rhabdomy-
olysis (disease of the skeletal muscle), or arthritis. The
presence and degree of edema is helpful in pinpointing
the cause of AKF and in measuring the patient’s progress
with treatment.

Nervous system. The physician will assess the
patient’s degree of mental clarity and nerve responses, as
abnormalities in these areas of the nervous system are
often common symptoms of AKF. The nursing staff also
monitors the patient’s mental status during the course of
treatment.

Laboratory personnel will draw blood and collect
urine samples to help diagnose AKF and later, to evalu-
ate treatment. Increases in BUN (blood urea nitrogen)
and creatinine (substance formed from the metabolism
of creatine) are indicators of AKF.

The urinalysis is the most important test run in the
early stage of AKF evaluation. Significant color changes
point to an intrinsic cause for AKF. Urine dipstick tests
that prove positive for proteinuria (too much protein) and
blood are helpful in diagnosing many causes of AKF. The
different types of sediment readings from spun urine
samples can further help to distinguish the cause and type
of AKF. Urine electrolytes indicate how well the tubules
(part of the kidney’s nephron) are working.

Nurses and nurses’ aides will keep track of fluids the
patient takes in (intake) and eliminates (output) to help
determine the type of AKF the patient is in and to help
the physician manage the patient’s course of treatment.

Fluid management is critical in the patient with AKF,
regardless of the cause.

Patients in AKF may undergo further evaluation in
the Radiology Department to determine the cause of their
disease and to plan an appropriate plan of treatment.
They may undergo an ultrasound examination, doppler
scan, nuclear scan, MRI, renal angiography, or a renal
biopsy. The ultrasound, doppler scan, and MRI are the
least invasive of the procedures. Contrast material is
injected for the angiogram and the renal biopsy requires
taking tissue samples from the kidney itself. These pro-
cedures are performed by trained and licensed radiologic
technologists and radiologists.

Nutrition is crucial to the effective management of
the patient in AKF. The dietician will work closely with
the patient, physician, nursing staff, and pharmacist to
ensure proper electrolyte balance, whether the patient
eats regular foods or is nourished by total parenteral
nutrition (TPN, nutrients mixed and fed through a tube).

Some patients will require kidney dialysis that will
be performed by nurses and technicians from the renal or
urology department.

Since many different medications are eliminated
through the kidneys, the physician works closely with the
pharmacist to modify dosing and minimize the use of
medications that are toxic to the kidneys.

Prevention

Since AKF can be caused by many things, preven-
tion is difficult. Medications that may impair kidney
function should be given cautiously. Patients with pre-
existing kidney conditions who are hospitalized for other
illnesses or injuries should be carefully monitored for
kidney failure complications. Treatments and procedures
that may put them at risk for kidney failure (like diag-
nostic tests requiring radiocontrast agents or dyes) should
be used with extreme caution.
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I Administration of medication
Purpose

The administration of medication is often a chief
responsibility of the nurse. The practice of administering

medication involves providing the patient with a sub-
stance prescribed and intended for the diagnosis, treat-
ment, or prevention of a medical illness or condition.

Description

The central action of medication administration
involves actual and complete conveyance of a medication
to the patient. However, there is a wider set of practices
required to achieve safe, effective patient outcomes and
to prepare for and evaluate the outcome of medication
administration.

Laws regarding medication administration vary from
state to state. Doctors, physicians, physician assistants,
nurse practitioners, and nurses are generally trained and
authorized to administer medication, while other medical
disciplines may have a limited responsibility in this area.
In certain circumstances, unlicensed personnel may be
trained and authorized to administer medication in resi-
dential care settings. State and federal laws also restrict
the distribution of and access to medications that can be
abused (called controlled substances). Responsibility for
controlled substances includes accountability for any dis-
carded substances, double-locked storage, and counting
of medication supply at regular intervals by clinician
teams.

Preparation for medication administration begins
with the order for medication, in most circumstances
written by the physician. Nurse practitioners and physi-
cian assistants are also often authorized to write prescrip-
tions. State laws vary regarding these privileges. A record
of orders for medication and other treatments is kept in
the medical chart. Universally accepted safe clinical
practice guidelines and state laws govern the components
of medication orders in order to ensure consistency and
patient safety. All orders should contain the patient’s
name, the date and time when the order is written, and the
signature of the ordering clinician. Caregivers adminis-
tering medication are responsible for checking that these
components are present and clear. The name of the med-
ication is accompanied by the dosage, or how much of
the drug should be given; the route of administration, or
how the medication should be given (ie, intramuscular
injection); and frequency, or how often the drug is to be
given. Common routes of administration are discussed
below.

The most common route of administration is the oral
route, or swallowing of medication. This is the easiest
and safest route. The physical position and swallowing
abilities of the patient should be evaluated to avoid chok-
ing. Patients may also receive medication by the buccal
route (through the inner cheek or gum) or the sublingual
route (under the tongue).
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Administration involving a needle or syringe occurs
with several drug routes. These routes are referred to as
parenteral. Care must be taken to maintain asepsis with
all injections and injection sites. Intramuscular medica-
tions are injected into the muscle. A special injection
technique called Z-track can be used when administering
intramuscular medications that can be damaging to the
tissue. All intramuscular injections involve the practice
of landmarking, or identifying anatomical markers that
indicate the correct injection site and avoid damage to
bone or nerves. Subcutaneous injections are administered
under the skin. Insulin is a common medication that is
usually given subcutaneously. Intradermal medications
are used much less frequently than subcutaneous or
intramuscular injections. They are injected into the skin.
Intravenous medications are given through an intra-
venous line into the vein. These medications may be
mixed with a large amount of solution that is being
infused, given in a small solution through a port in the
intravenous tubing (bolus), or attached in smaller infu-
sion containers to the larger infusion (piggyback). In all
cases of administration with a needle or syringe, rotation
of injection sites is required to prevent damage to tissue.
It is also important that the size of the needle is selected
based on the thickness of the medication to be given and
the depth of the injection, while maximizing the patients
level of comfort during insertion. Needle sticks with con-
taminated needles are a hazard to both health profession-
al and patient. Care is taken to dispose of needles and
syringes rapidly in impervious containers. Protective sys-
tems that sheath the needle after use are commonly used
to prevent inadvertent needle sticks.

Medication can also be instilled via the mucous
membranes. Asepsis must be used to avoid introduction
of infection. Rectal or vaginal medications are most
often given in suppository form and must be introduced
gently to avoid tearing or bleeding of tissue. Nasal med-
ications are often instilled via spray or drops and often
involve closing one nostril and asking the patient to
inhale gently. The head should be tilted back to avoid
aspiration. Ear or otic medications are given in liquid
form. The patient’s head is tilted to the side. Instruments
should never enter the ear. If the medication is not
instilled correctly, the patient may experience nausea or
vertigo. Eye or ophthalmic medications may be given via
drops or ointment. The container for the medication
should not touch the eye, and drops are introduced into
the inner canthus or corner of the eye.

Inhalational medications are inhaled via the respira-
tory tract, most often to treat respiratory conditions.
Metered dose inhalers (MDI) are often used. MDIs
involve pressing a specially designed canister to release
a mist.

An anesthesiologist administers drugs to a patient in
surgery. (Photograph by Michelle del Guercio. Science
Source/Photo Researchers. Reproduced by permission.)

Topical medications are applied to the surface of the
skin. The skin needs to be cleansed and assessed for
breaks before administering topical medications. Topical
patches that gradually release medication need to be
labeled with date and time in case a second patch is inad-
vertently applied without removal of the first. Ointments
are applied evenly. The clinician should avoid touching
the topical medication, as medications that are absorbed
into the system via the skin, such as nitroglycerin paste,
may affect the clinician. As with all medication tech-
niques, asepsis must be maintained to avoid introduction
of microorganisms.

Frequency of administration is most often ordered on
a repeating schedule (ie, every 8 hours). At times the
order may be written as a STAT (give right away) order,
a one-time order (give just once) or a prn (give as need-
ed) order. Standing orders are routine hospital orders that
doctors in specialized areas prescribe on admission.
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Administration of medication

Many abbreviations are used in writing medication
orders. Other common abbreviations include:

e p.o.: by mouth

 IM: intramuscular injection

« SC: subcutaneous injection

« IV: intravenous

« PR: per rectum

« h.s.: at hour of sleep (bedtime)
* ac: before meals

* pc: after meals

* q: every, ie, q 8 h means every 8 hours
* q.d.: every day

e b.i.d.: twice/day

e t.i.d.: three times/day

e q.i.d.: four times/day

 g.0.d.: every other day

Some examples of medication orders using these
abbreviations are:

« digoxin 0.25 mg p.o. q.d.
* diphenhydramine 25 mg p.o. q h.s. prn.

If orders are illegible, ambiguous, or confusing, the
author of the order should be consulted to clarify the
order before any medication administration occurs.
When the order is clear, it often needs to be transcribed
to another document reserved for recording administra-
tion of medications. Health care institutions have specif-
ic policies regarding methods with which to check med-
ication orders and ensure proper transcription. Policies
also dictate parameters for order renewal or medication
discontinuation. Poor penmanship, misunderstanding of
penmanship, and errors in transcription often contribute
to medication errors. It is increasingly common for med-
ical facilities to use a computerized system that lowers
the risk of error by reducing steps in the process and val-
idating information automatically.

Once the order has been read and verified, the care-
giver needs to evaluate the order in the context of the
individual patient. Some factors to consider include:

» pharmacodynamics: how the drug works in the body

« interactions: possible effects of other medication or
food on the ordered medication

« allergies: patient history of hypersensitivity to drug or
drug class

« contraindications: medical conditions that preclude the
use of the ordered drug

« side effects: potential adverse reactions to the drug

« toxic effects: dangerous effects that often occur due to
build up of drug in body or impaired metabolism

« tolerance: certain drugs require increasing doses over
time to achieve the same effect

* physiological variables: sex, age, size, and physical
condition may alter how a drug is processed in the body

« diet: certain foods, liquids, or nutritional states may
alter the drug’s effect on the body

Due to the large number of medications available
and the large body of information required for appropri-
ate drug administration, it is important to have access to
a current medication reference such as the Physician’s
Desk Reference or other reference handbooks about med-
ication. The package insert that comes with every med-
ication is also a good resource. Pharmacists are knowl-
edgeable resources and can answer many questions
regarding medication. It is important to be familiar with
the medication ordered before attempting to administer it.
Procedural manuals by the institution or medical refer-
ence publishers detail the step-by-step techniques for
administering various types of medication.

The patient should be notified of the order for the
drug and provided with education about the medication
they are to receive. Before administration, five factors
often referred to as the “five rights” should be addressed.
Medication records should be on hand at time of admin-
istration to ensure safe administration.

Right patient. Identify patient by name badge or
bracelet. Avoid simply asking patient’s name or checking
the name on the door as miscommunications can some-
times occur.

Right drug. Check record for name of drug and com-
pare with drug on hand. As many drugs have similar
spellings, this needs to be checked carefully. For preven-
tion of error, it is often recommended that three checks of
the drug to be administered are made: when reaching for
the package that contains the drug, when opening the
drug, and when returning the packaging to its storage
area. It is also recommended that clinicians only admin-
ister drugs that they have prepared, versus those prepared
by another clinician.

Right route. Check medication record for how to
administer the drug and check labeling of drug to ensure
it matches prescribed route.

Right dose. Compare ordered dose to dose on hand.
At times, calculations may need to be performed to ascer-
tain the correct dose. For example, a scored tablet, or one
that is designed and intended for dividing, may need to be
halved or quartered in order to administer the correct oral
dose. This requires simple division. Common situations
requiring calculation include calculation of intravenous

30 GALE ENCYCLOPEDIA OF NURSING AND ALLIED HEALTH



infusion rates and the conversion of measurement units,
for example, determining how many milliliters (mL) are
required to give the ordered number of milligrams.

The formula for this calculation can be applied to
many situations:

» dose ordered/dose on hand x amount on hand = amount
to administer

Using the above medication question, 25 mg /100
mg x 2 ml = 0.5 ml (amount to administer)

Intravenous medications also require frequent calcu-
lation. For example, an intravenous anticoagulant such as
heparin may be ordered as “1000 units per hour,” and the
clinician may need to calculate how many drops are
needed per minute or hour based on how the intravenous
solution is prepared. These calculations may vary
according to the infusion equipment used, for example,
varying drop factor ratings or use of a device called a
buretrol that carefully measures infused medication.
Often a mechanical pump is used to control intravenous
infusion rates.

Right time. Verify that frequency or time ordered
matches current time.

All medications should be handled to ensure that
they do not come into contact with potentially contami-
nated objects or surfaces. Medications of any sort should
not be left unattended, and patients should be observed
taking the medication. This avoids the disposal, hoard-
ing, abuse, or misuse of the medication, and assures the
safety of the patient.

Documentation of medication administration is an
important responsibility. The medication record tells the
story of what substances the patient has received and
when. Like other health care records, it is also a legal
document. Various institutions have policies and proce-
dures regarding documentation. The initials of the
administering nurse or other health care provider and the
time and date should be documented on the record next
to the appropriate order. Other information may be
required, such as location and severity of pain when
administering a pain medicine (analgesic) or pulse rate
when administering certain heart medications (i.e.,
digoxin). Patient refusals of medication also need to be
documented, and the prescribing clinician should be
informed.

Medication errors need to be documented as well.
The prescribing clinician should be notified of errors.
Institutional policies usually require filing a separate
form to document errors. Errors can include administer-
ing the wrong drug, wrong dose, at the wrong time, or via
the wrong route. Omissions of medication are also con-
sidered errors.

It is important to evaluate the patient following med-
ication administration and document effect. For example,
many hospitals dictate that a note be written regarding
pain relief within several hours after analgesic adminis-
tration. Any adverse effects from medication should be
reported.

Preparation

Preparation for safe medication administration
requires a background of education and hands-on train-
ing. New nurses and other professionals should be super-
vised until they demonstrate an appropriate level of
knowledge and competent skills for independent medica-
tion administration.

Aftercare

The patient should be monitored to make sure the
medication has had the desired effect.

Health care team roles

In addition to the clinician who administers medica-
tion, other members of the health care team play vital
roles surrounding the medication administration process.
Doctors or other prescribing clinicians are responsible
for writing clear, legible orders and for monitoring the
response of the patient to medication. They are also
responsible for responding to potential adverse effects
and concerns by the patient or other clinicians.
Pharmacists are responsible for evaluating the medica-
tion order for potential problems, correctly filling
the order, and monitoring the medication supply. All
health care professionals are responsible for complying
with medication-related policies designed to protect
the patient and/or staff and for maintaining current
knowledge regarding medication and medication admin-
istration.

Resources
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Administering medicine to the ear see Ear
instillation
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Adolescent nutrition

Administering medicine to the eye see
Eyedrop instillation

Administering medicine to the nose see
Nasal instillation

Administering medicine to the rectum see
Rectal medication administration

Administering medicine to the vagina see
Vaginal medicine administration

Administering medicine under the tongue
see Sublingual and buccal medication
administration

I Adolescent nutrition
Definition

Adolescence is a time of increased growth and
development, in which a greater need for nutrients coin-
cides with a change in food habits that also influences
nutritional needs. Due to differences in body type, phys-
ical activity, and rate of growth, every adolescent has dif-
ferent nutritional needs.

Purpose

It is important to meet such needs during adoles-
cence or ramifications may extend into adulthood. For
instance, because bone mass is accumulated through
young adulthood and slows dramatically thereafter, inad-
equate calcium intake may lead to weaker bones
throughout life.

Precautions

During adolescence, bodies are rapidly changing
and growing, which often causes teens to feel uncom-
fortable with themselves, especially if they are different
from their peers. Teenagers are more likely to miss
meals. Emotional distress may cause them to either eat
too much or too little and use diet pills or supplements.
Such patterns can lead to the development of eating dis-
orders, which are characterized by unhealthy eating
behaviors including starvation, induced vomiting, over-
using laxatives, and overeating. Eating disorders usually
begin between ages 14 and 20 and are estimated to be the
third most common chronic disorder among adolescents.
It is important to provide early intervention to avoid seri-
ous long-term complications.

Description

Due to variation in physical activity, metabolism,
and growth rate, the nutritional needs of adolescents vary
from person to person, and should be based on individual
needs. However, general recommendations for adoles-
cents can provide guidance. Caloric needs are usually
based on the growth rate and level of exercise and should
average between 2,200 and 3,000 calories per day.
Protein needs are based on height. To determine individ-
ual needs, divide the RDA total of protein by the individ-
ual’s height in centimeters. The average is about 0.3
gm/cm of height. Mineral needs increase during adoles-
cence, especially for calcium and iron. Recommended
intake of calcium is 1,300 milligrams (mg) per day; iron
requirements are about 10-12 mg for males and 15 mg for
females. Zinc, which is needed for growth and sexual
development, is also needed in adequate amounts.
Requirements for zinc are 15 mg for males and 12 mg for
females. Vitamin needs increase during adolescence and
the need for supplementation can be avoided by provid-
ing a well-balanced diet.

Complications

Adolescents may also have special needs, such as
chronic illness, substance abuse problems, and pregnan-
cy. Drug abuse often interferes with adequate food choic-
es, but the effects of drugs greatly depends on the
substance, amount, and the nutritional status of the ado-
lescent. Adolescents with chronic illness may have
increased or decreased needs based on individual circum-
stances. Pregnant teenagers have increased needs, because
they are still growing and developing themselves.

Results

Poor nutrition in adolescence can have important
health consequences in adulthood. Obesity and exces-
sive fat intake increases the likelihood of being an over-
weight adult and puts the individual at risk for cardiovas-
cular disease and other health problems. Substituting
sodas and fruit juices for milk at this time of rapid growth
and bone-building may lead to osteoporosis and bone
fractures during later years. Too much sugar in the diet
causes cavities. A diet heavily dependent on fast food
results in decreased energy intake, excess fat and sodium,
and a deficiency of calcium, riblofloavin, vitamin A,
folic acid, and fiber.

A healthy diet in adolescence promotes adequate
growth and sexual maturity. A decreased risk of cavities,
as well as hypertension and hyperlipidemias in older
years, is closely correlated with adequate nutrition during
adolescence.
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Health care team roles

Dietitians play an important role in educating
teenagers about eating well-balanced diets to receive the
proper amounts of all the nutrients. When complications
such as eating disorders are present, dietitians can also
provide the nutritional information necessary to treat the
disorder. However, psychologists and other mental health
professionals should be consulted to assess the mental
and emotional status of the individual.

Resources

BOOKS

Mahan, Kathleen L. and Sylvia-Escott Stump. Krause’s Food,
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I Adrenal glands
Definition

Adrenal glands produce and release several different
hormones that maintain internal fluid levels, maintain
sodium and potassium levels, and mediate the stress
response.

Description

The human body contains two adrenal glands, one on
top of each kidney. The gland is triangular in shape and
yellowish in appearance. Subdivisions include the adre-
nal cortex and the medulla. The cortex is the outer layer
and is responsible for the production of steroid hormones
called glucocorticoids, mineralcorticoids, and androgens.
The medulla forms the inner layer of the adrenal glands
and releases norepinephrine and epinephrine (known
commonly as noradrenaline and adrenaline) directly into
the bloodstream. The adrenal cortex and medulla serve
very different functions in the human body because of the
different hormones that they produce and release.

Function

The adrenal cortex converts cholesterol into gluco-
corticoids, mineralcorticoids, and androgens. The gluco-
corticoids are so named due to their role in regulating
body glucose levels. The major glucocorticoid produced

Cross section of human adrenal gland (triangular shape).
(Photograph by Martin M. Rotker. Phototake NYC. Reproduced
by permission.)

by the adrenal is cortisol. Cortisol is also known as the
stress hormone because the body releases cortisol in
order to help cope with stressful situations. The immedi-
ate effects of cortisol are to increase levels of fatty acids,
proteins, and glucose in the blood. Cortisol causes
these increases by taking protein from muscles, fatty
acids from fatty tissues, increasing gluconeogenesis (the
process of making glucose), and decreasing the body’s
uses of glucose. Thus, in Cushing’s syndrome (hyper-
cortisolism), patients may experience muscle wasting
(too much protein is taken from the muscles).
Paradoxically, although cortisol increases the levels of
free fatty acids, patients with too much cortisol over a
long period of time experience an increase in fat on the
upper body.

Cortisol and other glucocorticoids are also potent
inhibitors of the immune system. Thus, it is not too sur-
prising that synthetic glucocorticoids, like prednisone,
are used to treat autoimmune diseases and allergies—
diseases in which the immune system is too active. The
release of cortisol is under the control of the anterior
pituitary. The anterior pituitary accomplishes this by
releasing the peptide hormone, adrenocorticotropin
(ACTH) onto the adrenal gland.

The mineralcorticoids are so named due to their role
in establishing mineral and water levels in the body. The
major mineralcorticoid produced by the adrenal gland is
aldosterone (although the glucocorticoid cortisol has
some mineralcorticoid activity). The primary role of
aldosterone is to regulate the balance of potassium, sodi-
um, and water by affecting the absorption of all three in
the kidney. Briefly, aldosterone causes the kidney to
reabsorb more water and sodium, while causing potassi-
um to be excreted in exchange for the sodium. When too
much aldosterone is produced by the adrenal glands, as
in primary aldosteronism, the level of potassium in the
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Adrenal glands

KEY TERMS

Adrenal cortex—Outer layer of the adrenal gland
that produces steroid hormones.

Adrenal medulla—Inner layer of the adrenal
gland that releases adrenaline.

Androgens—Male sex hormones.

Hyperkalemia—An abnormally high level of
potassium in the blood.

Hypokalemia—An abnormally low level of potas-
sium in the blood.

Hypovolemia—An abnormally low volume of
blood.

Glucocorticoid—A steroid hormone, like cortisol,
that affects fat, carbohydrate, and protein levels in
the blood as well as regulating the immune
response.

Mineralcorticoid—A steroid hormone, like aldos-
terone, that regulates the excretion of salt, potassi-
um, and water.

blood is low (hypokalemia) and the retention of sodium
and water is high. Patients can experience hypertension
and muscle weakness.

When there is too little aldosterone, potassium lev-
els are high and there are extreme water and sodium
losses. The loss of water and increased potassium levels
can lead to extremely low blood pressure and death. A
disease that might result in a loss of mineralcorticoid
function is Addison’s disease. In Addison’s disease, the
adrenals are usually at least 90% decimated before
symptoms arise. The peptide, angiotensin II, and potas-
sium levels are the main control for the release of aldos-
terone from the adrenals.

The adrenal glands also secrete small amounts of
androgens such as testosterone. However, in the adult,
that amount of androgens produced from a normally
functioning adrenal gland is so small that it is unlikely to
have a major effect. Nevertheless, pathology of the
adrenals may result in abnormally high levels of andro-
gens being secreted. The androgens may cause mas-
culinization in males or females.

The adrenal medulla is really an extension of the
sympathetic division of the autonomic nervous sys-
tem. The sympathetic nervous system mediates “fight or
flight” responses to environmental stimuli. Sympathetic
nerves that originate in the spinal cord release the neu-

rotransmitter, acetylcholine, onto the adrenal glands. The
adrenal glands respond by releasing dopamine, norepi-
nephrine, and epinephrine directly into the bloodstream.
Norepinephrine and epinephrine are commonly referred
to as noradrenaline and adrenaline, respectively.
Epinephrine makes up the majority of the substance
secreted by the adrenal medulla. Circulating norepineph-
rine and epinephrine can increase heart rate, constrict
blood vessels, dilate eye pupils, inhibit motility and
digestion in the stomach and intestines, increase sweat-
ing, increase metabolism, and increase breathing. The
adrenal medulla is stimulated to release norepinephrine
and epinephrine under stressful situations such as exer-
cise or emotional distress.

Role in human health

Thus, the adrenal glands play a significant role in
mental and physical health. Not only are the adrenal
glands vital for maintaining a proper balance of sodium
and potassium, they mediate the body’s response to
stress, both short-term and long-term. In response to
immediate stress, the adrenal glands produce epineph-
rine, norepinephrine, and the hormone cortisol. The body
is prepared for flight or fight, and energy is made avail-
able for instant use. In the long term, the adrenal glands
may have a negative impact on human health. Prolonged
stress can produce undesirable changes in the body that
range from immune system depression to fertility com-
plications.

Diseases and disorders
Addison’s disease

Addison’s disease arises from a hypoactive adrenal
cortex. The adrenal cortex fails to produce adequate
amounts of the glucocorticoid cortisol, and sometimes
the mineralcorticoid aldosterone. A lack of aldosterone
causes the kidneys to excrete excess sodium and water
while retaining potassium. This can lead to hyperkalemia
(high levels of potassium), hypovolemia (low blood vol-
ume), and hypotension (low blood pressure).
Hyperkalemia may cause fatal heart arrhythmias, and
(severe) hypovolemia can lead to shock and kidney fail-
ure. Common symptoms include frequent urination,
dehydration, fatigue, dizziness, skin discoloration, nau-
sea, vomiting, weakness, and cold intolerance. Treatment
includes oral or intravenous glucocorticoids such as pred-
nisone, and, if necessary, administration of the oral min-
eralcorticoid fludrocortisone acetate to replace aldos-
terone. The cause of Addison’s disease is not known, but
in 80% of the cases there is a wasting or atrophy of the
adrenal cortex.
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Primary aldosteronism

Conn’s syndrome is also known as primary aldos-
teronism. In this disease, too much of the mineralcorti-
coid, aldosterone, is made by the adrenal glands. The
increased levels of aldosterone cause excessive potassi-
um excretion while promoting excessive sodium and
water retention. This leads to hypertension (high blood
pressure) and hypokalemia (low serum potassium).
Hypokalemia is an important diagnostic clue in the
process of differentiating primary aldosteronism from
other similar disorders. In some cases, Conn’s syndrome
is due to an adrenal tumor, in which case it may be sur-
gically removed. In other cases, the diuretic drugs,
spironalactone or amiloride, are given to block the
effects of aldosterone.

Cushing’s syndrome

The adrenal cortex is overactive in Cushing’s syn-
drome. The adrenal cortex overproduces glucocorticoids,
which can lead to high blood sugar levels and high blood
pressure. Symptoms include obesity, muscle wasting,
fatigue, irritability, excessive hair growth in women,
irregular menstrual cycles, and decreased male fertility.
A tumor of the adrenal gland, or an overproduction of
ACTH by the pituitary, may cause Cushing’s syndrome.
Treatment may include chemotherapy or hormone-
inhibiting medications.

Pheochromocytoma

Pheochromocytomas are tumors of the adrenal
glands that secrete large quantities of norepinephrine and
epinephrine. The most common symptom is extremely
high blood pressure. Treatment is usually surgical
removal of the tumor.
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I Adrenocortical hormone tests
Definition

Adrenocortical hormone tests measure levels of
aldosterone and cortisol (also known as hydrocortisone)
in blood and urine. These hormones are synthesized from
cholesterol by the action of several enzymes. The cells
responsible are located in the outer part (cortex) of
the adrenal glands, two small organs, one sitting just
above each kidney. As steroid hormones, they are an
important part of the body’s endocrine system and help
to regulate body functions. The adrenal cortex also
produces many other steroid hormones including andro-
gens, primarily dehydroepiandrosterone (DHEA) and
androstenedione, that are converted to testosterone and
dihydrotestosterone.

Aldosterone, a mineralcorticoid, helps regulate the
amounts of sodium and potassium in the blood and,
because fluid follows sodium, helps maintain fluid bal-
ance and blood volume, which, in turn, affect blood
pressure.

Cortisol, a glucocorticoid, helps regulate the metab-
olism of proteins, fats, and carbohydrates, especially
glucose (sugar). Specifically, cortisol helps convert
amino acids (subunits of proteins) into glucose within the
liver. Tt raises blood sugar levels by stimulating the
release of glucose from cellular glucose stores and simul-
taneously acts to inhibit insulin, which moderates glu-
cose transport into the cells. Cortisol also has a number
of anti-inflammatory effects, including suppressing the
immune system and reducing fever.

Purpose

Aldosterone measurement is used to detect aldos-
teronism (hyperaldosteronism), which is the excess
secretion of the hormone by the adrenal glands. It is also
used to detect those cases of hypoaldosteronism that
occur in the absence of a low cortisol.

The cortisol test is performed on patients who are
suspected to have malfunctioning adrenal glands. It is
considered to be the best indicator of adrenal activity.
Blood and urine cortisol measurements, together with the
determination of ACTH levels, are the three most impor-
tant tests in the investigation of Cushing’s syndrome
(overproduction of cortisol) and Addison’s disease
(underproduction of cortisol). Additional tests called sim-
ulation and suppression tests may be needed to detect
disease in difficult cases, or to distinguish between the
causes.
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Adrenocortical hormone tests

Precautions

Adrenocorticol function tests may be done on serum
or urine. The nurse or phletotomist performing venipunc-
ture should observe universal precautions for the pre-
vention of transmission of bloodborne pathogens.
Cortisol levels in blood are subject to diurnal variation.
Test results must be evaluated with regard to the time of
day the blood was collected. Physicians will determine if
patients whose fluid balance may already be compro-
mised by illness can undergo 24-hour urine tests.
Physicians will also determine if patients can discontin-
ue taking drugs that control sodium and potassium levels
and fluid balance prior to testing. These tests are some-
times performed by a method called radioimmunoassay
(RIA) that tags test reagents with radioactive iodide. RIA
based tests may be contraindicated for patients who have
had recent procedures using radiation or who have had
radioactive drugs administered, because results may be
altered and unreliable.

Description

Aldosterone

Aldosterone is produced by the outer area of the
adrenal cortex called the zona glomerulosa. Aldosteron-
ism, an increased secretion of aldosterone, can be pri-
mary (a malfunction in the adrenal glands or in aldos-
terone secretion itself) or secondary (caused by another
condition). Excessive aldosterone production results in
the retention of sodium, and subsequently in fluid reten-
tion and high blood pressure (hypertension). Because
potassium can be lost in this process, muscle weakness is
also a frequent symptom. Primary aldosteronism is most
often caused by an adrenal tumor (adenoma) a condition
referred to as Conn’s syndrome. Primary aldosteronism
can also be idiopathic (of unknown origin) or congenital.
Secondary aldosteronism is more common and occurs as
a consequence of non-adrenal conditions characterized
by severe imbalances in sodium and potassium with
resulting fluid imbalance, such as congestive heart fail-
ure, cirrhosis (liver disease) with fluid in the abdominal
cavity (ascites), certain kidney diseases, excess potassi-
um (hyperkalemia), a sodium-depleted diet, and the tox-
emia of pregnancy. To differentiate primary aldostero-
nism from secondary aldosteronism, a plasma renin test
should be performed at the same time as the aldosterone
assay. Renin, an enzyme produced in the kidneys, is typ-
ically elevated in secondary aldosteronism and reduced
in primary aldosteronism.

Hypoaldosteronism is characterized by low serum
sodium, dehydration, and high serum potassium (hyper-
kalemia). Hypoaldosteronism can occur in Addison’s dis-

ease, which usually is caused by autoimmune damage to
the adrenal cortex. Addison’s disease is marked by
decreased glucocorticoids and is detected by tests for
deficient cortisol production. However, hypoaldostero-
nism may also occur in the absence of low glucocorti-
coids. This condition may result from decreased renin
production by the kidney, heparin treatment, and a defi-
ciency of an enzyme needed to produce aldosterone. In
such cases, serum aldosterone and plasma renin activi-
ty must be measured to establish the diagnosis.

Cortisol

Cortisol and the other glucocorticoid hormones are
produced in the zona fasciculata and reticularis of the
cortex. Overproduction of glucocorticoids (cortisol) by
the adrenal cortex is called Cushing’s syndrome.
Excessive cortisol production leads to high blood glucose
levels, sodium retention, obesity, and excessive hair
growth. Because cortisol production can suppress the
immune system, excess levels may also cause chronic
infection in some patients.

The release of cortisol is controlled by circulating
levels of a pituitary hormone, adrenocorticotropic hor-
mone (ACTH). In a complex process, the hypothalamus
manufactures corticotropin-releasing hormone (CRH),
which, in turn, stimulates the pituitary gland to produce
ACTH. While ACTH stimulates the adrenal glands to
produce cortisol, rising levels of cortisol act by negative
feedback to inhibit further production of CRH and
ACTH. Disturbances in this elaborate feedback mecha-
nism can be caused by certain types of stress, such as
physical trauma, infection, extreme heat or cold, exhaus-
tion from strenuous exercise, and extreme anxiety.
When normal feedback becomes uncoordinated as a
result of one of these conditions, excessive amounts of
ACTH and, in turn, cortisol will be released. For this rea-
son, cortisol levels in blood can vary considerably with
time, a phenomenon called pulse variation.

Cushing’s syndrome has four causes. The majority
of cases result from the use of cortisol and related com-
pounds for immunosuppression and treatment of inflam-
matory diseases. This is called iatrogenic hypercorti-
solism. The next most prevalent cause is Cushing’s dis-
ease, also called pituitary Cushing’s. This results from
adenomas of the pituitary gland that secrete ACTH. Less
commonly, Cushing’s syndrome is caused by adrenal
adenoma or carcinoma or by ACTH secreting tumors
located outside the pituitary (ectopic ACTH).

Primary Addison’s disease results from damage to
the adrenal cortex. The most common causes are autoim-
mune disease and infection. Secondary Addison’s disease
is caused by a pituitary deficiency of ACTH. These two
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conditions can often be differentiated by measuring both
cortisol and ACTH. In primary Addison’s disease the
ACTH will usually be increased because the functional
pituitary gland is responding to low blood levels of cor-
tisol. In secondary Addison’s disease, both cortisol and
ACTH levels will be low.

Measurement

Cortisol is routinely measured by most laboratories.
The most common method used is enzyme immunoassay.
Aldosterone levels are far lower and require a more sen-
sitive method, typically chemiluminescent immunoassay
or radioimmunoassay. Measurement of cortisol interme-
diates such as 11-dexoycortisol and 17-hydroxyproges-
terone are used in conjunction with cortisol for the diag-
nosis of congenital adrenal hyperplasia. In this condition,
an enzyme deficiency in the synthetic pathway of cortisol
leads to low cortisol and accumulation of one or more
steroid intermediates above the block. These compounds
are measured by RIA. ACTH is typically measured by
RIA because of its low concentration in plasma. Plasma
renin is usually measured by determining the activity of
the enzyme (renin activity) rather than by immunoassay
of the hormone mass because the latter method measures
both the active and inactive forms. In the assay, renin acts
on angiotensinogen to produce angiotensin I, which is
then measured by RIA.

Adrenocortical hormone tests are typically per-
formed on blood plasma or 24-hour urine samples. When
performed on blood, physicians may request that tests be
performed on two samples, each drawn at a different
time, to account for fluctuations in hormone levels at dif-
ferent times during the day (diurnal variation).

Tests for aldosterone are performed on blood plasma
or on a 24-hour urine specimen. Levels of aldosterone
peak in early morning and are at half that level by after-
noon, making the time of drawing a blood sample signif-
icant. To help ensure a more reliable evaluation, two
samples may be drawn for testing, one in early morning
(8 AM) and one mid-afternoon (4 PM). Diet and posture
(upright or lying down) may also cause aldosterone lev-
els to fluctuate, so that a single blood sample may miss
increased or decreased levels and may not accurately
reflect hormone production. Because a 24-hour urine
specimen reflects hormone production over an entire day,
it will usually provide a more reliable aldosterone meas-
urement. Elevated blood levels should ideally be con-
firmed with a 24-hour urine test.

Since posture and body position affect aldosterone
production, hospitalized patients should remain in an
upright position (at least sitting) for two hours before
blood is drawn. Occasionally blood will be drawn before

Normal findings for aldosterone assay

Blood test

Supine 3-10 ng/dl (0.08-0.30 nmol/L)
Upright

Adult female 5-30 ng/dl (0.14-0.80 nmol/L)
Adult male 6-22 ng/dl (0.17-0.61 nmol/L)
Newborn 5-60 ng/dl

1 week—1 year 1-160 ng d!

1-3 years 5-60 ng/dl

3-5 years <5-80 ng/dl

57 years 5-70 ng/dl

7-11 years <5-50 ng/dl

11-15 years <5-50 ng/dl

24-hour urine test 2-80 ug/24 hr (5.5-72.0 nmol/24 hr)

SOURCE: Pagana, K.D. and T.J. Pagana. Mosby’s Diagnostic and
Laboratory Test Reference. 3rd ed. St. Louis: Mosby, 1997.

and after the patient gets out of bed. Nonhospitalized
patients (outpatients) should arrive at the laboratory in
time to maintain an upright position for at least two
hours.

Cortisol can be measured in both blood plasma and
urine. Blood levels of cortisol are most reliably meas-
ured in the morning at 8 AM, in the afternoon at 4 PM,
or in the evening at 10 PM. Levels of cortisol normally
peak in the morning and decline gradually during the
day, reaching the lowest level in the early hours of the
next day. It is important to note, however, that when the
normal cycle of activity and sleep (circadian rhythm) is
reversed, as in night-shift work, cortisol levels will
reverse also. Physicians often order blood plasma corti-
sol rather than a 24-hour urine collection because the
earliest sign of adrenal malfunction is sometimes the
loss of diurnal variation, even though cortisol levels are
not yet elevated. For example, individuals with
Cushing’s syndrome often exhibit peak plasma cortisol
levels in the morning with no decline as the day pro-
gresses. Cortisol levels may also be elevated during
pregnancy, in the presence of physical and emotional
stress, and with the administration of certain drugs. A
24-hour urine test for cortisol will reflect cortisol pro-
duction over the entire period of collection.

Cortisol is bound in the plasma by cortisol binding
protein (transcortin) and other proteins such as albumin.
Very little of the plasma cortisol is free, but when corti-
sol is produced in excess, the binding proteins become
saturated, and excess free cortisol is excreted in the
urine. Measurement of 24-hour urinary free cortisol is
not influenced by serum binding protein levels and is not
subject to the diurnal variation (pulse variation) seen
with serum total cortisol measurements. Therefore, it is
somewhat more sensitive than measurement of total
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Adrenocortical hormone tests

serum cortisol in detecting persons with Cushing’s syn-
drome.

Both aldosterone and cortisol (and other hormones,
such as adrenomedullary hormones) are sometimes
measured with blood samples from the adrenal veins,
particularly when the existence of a tumor is suspected
and surgery may be an option. This procedure, called
adrenal venography, is performed by an angiographer in
the radiology department, although the cortisol test is
still performed in the clinical laboratory. Testing adrenal
vein samples helps confirm the presence of adrenal
tumors by allowing blood to be drawn through a catheter
from the right and left adrenal glands. High levels on one
side will confirm the presence of a tumor on that side.
Normal levels on both sides indicates a non-adrenal
source for the patient’s condition. This is a specialized
rather than a standard sample collection procedure and
preparation for the procedure is not discussed below.

Adrenocorticotropic hormone (ACTH) test

Although difficult to measure, ACTH aids in the dif-
ferential diagnosis of the cause of Cushing’s syndrome
and in distinguishing primary from secondary Addison’s
disease. Approximately half of persons with Cushing’s
disease (pituitary Cushing’s) have a normal ACTH level
and half will have an elevated level. Most persons with
adrenal tumors will have low (less than 10 picograms/L)
or undetectable ACTH in the plasma owing suppression
by cortisol. Most persons with ectopic ACTH secreting
tumors will have elevated levels in excess of 200 pg/L.
Persons with primary Addison’s disease will usually
have high ACTH levels (greater than 150 picrograms/L)
caused by negative feedback (low cortisol) while those
with secondary Addison’s disease will have low or nor-
mal ACTH levels owing to pituitary failure or hypo-
thalmic suppression.

Stimulation and suppression tests

Because measurement of cortisol may not be defini-
tive for the diagnosis of Cushing’s syndrome or
Addison’s disease, several stimulation and suppression
tests are available. Some of these tests are used to estab-
lish a diagnosis while others are used to help distinguish
the cause of the disease. The most commonly used sup-
pression test for Cushing’s syndrome is the dexametha-
sone suppression test. Dexamethasone is a powerful syn-
thetic analog of cortisol and will normally inhibit the
pituitary release of ACTH, and thus suppress cortisol
secretion. In the low dose overnight dexamethasone sup-
pression test 1 mg of dexamethasone is given orally at
midnight and the 8 AM cortisol is measured. The cortisol
level is suppressed in normals and will be less than 5

micrograms/dL. Persons with Cushing’s syndrome will
usually show no suppression and the plasma cortisol will
be 10 micrograms/dL or higher. In the high dose
overnight dexamethasone suppression test the patient is
given 8 mg (other doses are sometimes used) of dexam-
ethasone at midnight. A blood sample is collected at 8
AM and cortisol is measured. Persons with Cushing’s
disease show a suppression in cortisol production of at
least 50% of their baseline (i.e., the initial cortisol level
without the drug). Persons with adenoma or ectopic
ACTH tumors remain unsuppressed. In addition to dex-
amethasone suppression tests, metyrapone stimulation
tests and corticotropin releasing hormone (CRH) stimu-
lation tests are sometimes used for difficult cases. The
former measures the ACTH reserve of the pituitary gland
and the latter measures the ACTH response to hypo-
thalmic stimulation. Patients with Cushing’s disease
(pituitary Cushing’s) usually have an exaggerated
response (increased ACTH) to both tests. Persons with
adenoma or ectopic ACTH tumors do not respond with
increases over the baseline in either test.

A sensitive screening test for Addison’s disease is the
rapid Cosyntropin stimulation test. The patient’s 8§ AM
cortisol is measured and followed by intravenous admin-
istration of 250 micrograms of synthetic ACTH. Plasma
cortisol is measured at 30 and 60 minutes after adminis-
tration of the drug. Normal individuals produce a twofold
increase in the baseline ACTH level while persons with
either primary or secondary Addison’s disease show a
subnormal response.

Preparation

Fasting is not required for aldosterone blood or urine
tests. The patient should maintain a normal sodium diet
(approximately 3 g/day) for at least two weeks before
either test. The testing physician should decide if drugs
that alter sodium, potassium, and fluid balance (e.g.,
diuretics, antihypertensives, steroids, oral contraceptives)
should be withheld. The test will be more accurate if
these are discontinued for a period of at least two weeks
before the test. Renin inhibitors (e.g., propranolol) should
not be taken one week before the test, unless permitted by
the physician. The patient should avoid licorice for at
least two weeks before the test, because of its aldos-
terone-like effect. Because strenuous exercise and stress
can increase aldosterone levels, these should be avoided
as well. Two blood samples are often drawn for aldos-
terone evaluation, one in the early morning and one mid-
afternoon.

Fasting is not required for cortisol blood or urine
tests, although cortisol levels may increase after a meal
and patients should not eat for at least a two-hour period

38 GALE ENCYCLOPEDIA OF NURSING AND ALLIED HEALTH



KEY TERMS

Adrenal glands—The adrenal glands are paired tri-
angular structures located immediately above and
loosely attached to each kidney. The inner portion
is called the adrenal medulla and the outer portion
is called the adrenal cortex.

Adrenocortical hormones—Adrenocortical hor-
mones are steroid hormones produced and
released by the adrenal cortex. They are important
in regulating certain body functions, especially
fluid balance, blood pressure, and fat metabolism.

Adrenocorticotrophic hormone (ACTH)—ACTH is
a pituitary hormone that directly controls the rate of
release of cortisol and is also needed to maintain
production of aldosterone by the adrenal glands.

Aldosterone—Aldosterone is a steroid hormone
released by the adrenal cortex. It helps balance
fluid levels and blood pressure by regulating the
amounts of sodium and potassium in the blood.

Corticotropin-releasing hormone (CRH)—CRH is
produced by the hypothalamus and, in a complex
process, serves to stimulate the pituitary gland to
produce ACTH.

prior to testing. For cortisol tests on blood or urine, the
testing physician may discontinue the patient’s regular
medications for up to two weeks prior to testing. Drugs
that may increase levels of cortisol include estrogen, oral
contraceptives, amphetamines, cortisone, and spironolac-
tone (Aldactone). Drugs that may decrease cortisol levels
include androgens, aminoglutethimide, betamethasone,
and other steroid medications, as well as danazol, lithi-
um, levodopa, metyrapone and phenytoin (Dilantin). The
patient may eat a normal diet but must not eat for at least
two hours before blood samples are drawn, since cortisol
levels may rise after meals. Two blood samples are usu-
ally drawn for cortisol evaluation, one in the early morn-
ing and one mid-afternoon.

The clinical laboratory will provide instructions and
containers for patients collecting their own 24-hour urine
samples for the measurement of aldosterone or cortisol.
Patients should be advised to avoid touching the preser-
vative, if any, in the collection container. If the preserva-
tive comes in contact with the skin, the area should be
rinsed with water immediately. Collection should begin
in the morning on any day except Friday or Saturday to
ensure that samples will be delivered to the laboratory on
a work day. Urine samples must be refrigerated continu-
ously in the patient’s home or in the nursing facility. The

Cortisol—Cortisol is a steroid hormone released by
the adrenal cortex in response to stimulation by
ACTH. It helps regulate the release of amino acids
from muscles and convert them to glucose for use
as energy. It releases fatty acids from body tissue for
use as energy by muscles, allowing circulating glu-
cose to be reserved for use by the brain.

Glucocorticoid—A glucocorticoid (cortisol) is
released by the adrenal cortex to help regulate the
release and utilization of glucose.

Hyperaldosteronism—Hyperaldosteronism, known
also as aldosteronism, is the excess secretion of the
hormone aldosterone by the adrenal glands. It may
be caused by an adrenal tumor or may occur sec-
ondary to non-adrenal conditions such as conges-
tive heart failure, cirrhosis of the liver, certain kid-
ney diseases, excess potassium, a sodium-depleted
diet, and toxemia of pregnancy.

Mineralcorticoid—A mineralcorticoid (aldos-
terone) is released by the adrenal cortex to help
regulate mineral levels in the blood, especially
sodium and potasium.

specimen should be delivered to the laboratory promptly
at the end of the 24-hour period.

Aftercare

Following venipuncture for blood plasma hormone
tests, the nurse or phlebotomist drawing the sample
should inspect the venipuncture site to make sure that the
wound has closed and no bleeding is present. The site
should be covered with an adhesive bandage. There is no
notable aftercare for patients undergoing 24-hour urine
hormone tests. Patients can be reminded to resume foods
and medications (according to the physician’s orders)
that were restricted prior to testing.

Complications

Complications for blood hormone tests are minimal,
but may include slight bleeding from the venipuncture
site, fainting or feeling lightheaded after venipuncture, or
the development of a hematoma (blood accumulating
under the puncture site). There are no complications for
the urine test, although patients should be instructed to
drink clear fluids regularly to maintain fluid balance
while collecting the 24-hour urine specimen. Adrenal
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Adrenocortical hormone tests

venography used to obtain adrenal vein samples has
many potential complications, including allergic reac-
tions to iodinated dye used in the procedure, adrenal
hemorrhage, blood clots, and infection. This procedure is
usually reserved for pre-surgical patients with suspected
adrenal tumors and is not discussed here in detail.

Results
Aldosterone

Normal results for the aldosterone assay are labora-
tory-specific and vary according to test methodology
used and the source of the specimen. Blood plasma lev-
els, urine levels, and adrenal vein levels will be different.
Results will also vary between patients depending upon
average sodium intake, time of day, source of specimen,
age, sex, and posture. Reference ranges are shown below
for radioimmunoassay, the most common assay method
for aldosterone.

Reference ranges for blood plasma levels:
* Supine (lying down): 3-10 ng/dL.

 Upright (sitting for at least two hours): Female: 5-
30ng/dL; Male: 6-22 ng/dL.

Reference ranges for urine: 2-80 micrograms/24 hr.

Abnormal results. Increased levels of aldosterone
are found in Conn’s disease (aldosterone-producing adre-
nal tumor), and in Bartter’s syndrome (overexcretion of
potassium, sodium, and chloride by the kidneys resulting
in low blood levels of potassium and high blood levels of
aldosterone and renin). Elevated levels are also seen in
secondary aldosteronism (in primary conditions such as
congestive heart failure, cirrhosis of the liver, certain
kidney diseases, hyperkalemia, a sodium-depleted diet,
and toxemia of pregnancy), stress, and malignant hyper-
tension.

Decreased levels of aldosterone are found in aldos-
terone deficiency, steroid therapy, high-sodium diets,
certain antihypertensive therapies, and Addison’s disease
(an autoimmune disorder also involving abnormal corti-
sol and ACTH levels).

Cortisol

Normal results for the cortisol assay are laboratory-
specific and vary according to the test methodology used
and the source of the specimen. Blood serum levels,
urine levels, and adrenal vein levels will be different.

Reference ranges for blood serum levels:

e Adults (8 A.M.): 6-28 micrograms/dL; adults (4 P.M.):
2-12 mcg/dL.

 Child 1-6 years (8 A.M.): 3-21 mcg/dL; child 1-6 years
(4 PM.): 3-10 mcg/dL.

e Newborn: 1/24 mcg/dL.
Reference ranges for urine (free cortisol):
e Adult: 10-100 micrograms/24 hr.
* Adolescent: 5-55 mcg/24 hr.
e Child: 2-27 mcg/24 hr.

Abnormal results. Increased levels of cortisol are
found in Cushing’s syndrome, hyperthyroidism (excess
thyroid activity), obesity, ACTH-producing tumors, preg-
nancy, and high levels of physical or emotional stress.

Decreased levels of cortisol are found in Addison’s
disease, conditions of hypothyroidism (reduced thyroid
activity), and hypopituitarism (diminished pituitary
activity).

Drugs that may increase the levels of cortisol include
estrogen, oral contraceptives, amphetamines, cortisone,
and spironolactone (Aldactone). Drugs that may decrease
the levels of cortisol include androgens, aminog-
lutethimide, betamethasone, other steroid medications,
danazol, lithium, levodopa, metyrapone, and phenytoin
(Dilantin).

Health care team roles

The testing physician will typically instruct the
patient about preparatory steps for adrenocortical hor-
mone tests, making recommendations for diet and for
discontinuing medications. A nurse or a phlebotomist
will perform a venipuncture to obtain blood samples. The
phlebotomist or nurse should mark the laboratory slip
with the time each blood sample was drawn and indicate
any medications the patient may be taking. Laboratories
will provide containers for urine collection and should
help ensure compliance by providing written instructions
for 24-hour urine collection. Laboratory technologists or
nursing staff interacting with the patient may gently ques-
tion the patient at the time of the blood test or urine col-
lection to make sure they have discontinued medications
prior to the test according to their doctor’s instructions.
When the 24-hour urine collection is completed, health
care providers may remind the patient to resume medica-
tions if the testing physician has instructed them to do so.
Measurements of adrenal hormones are performed by
clinical laboratory scientists/medical technologists.
Results are interpreted by a physician. In most cases, an
endocrinologist is usually consulted.

Patient education

Patients must be instructed regarding changes in
medications or diet, sources of sodium in the diet, and
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maintaining an upright position prior to testing.
Outpatients who will be collecting their urine specimens
at home should have written instructions for the 24-hour
urine collection. Health care providers should also
encourage the patient to drink clear fluids regularly
throughout the urine collection process.

Training

Laboratory technologists performing adrenocorti-
cal hormone tests will have studied biochemistry,
enabling them to understand the role of these hor-
mones in the body and the chemical basis for expres-
sion of the hormones in body fluids. Hands-on clinical
laboratory training will prepare technologists to per-
form radioimmunoassay or other methods of measur-
ing aldosterone and cortisol in blood and urine.
Nursing personnel responsible for patients undergoing
hormone testing for will understand the critical nature
of preparation for these tests and help to encourage
patient compliance. They will note any areas of non-
compliance and testing physician.
Laboratory and nursing staff will be responsible for
noting abnormal results and calling them to the atten-
tion of physicians.

inform the

Resources

BOOKS
Jacobs, David S. Laboratory Test Handbook, 4th ed. Hudson,
Ohio: Lexi-Comp Inc., 1996.

Pagana, Kathleen D. and Timothy J. Manual of Diagnostic
and Laboratory Tests. St. Louis: Mosby, Inc., 1998.

ORGANIZATIONS

American Nurses Association. 600 Maryland Ave. SW, Ste.
100 West, Washington, DC 20024. (800)274-4ANA.
<http://www.nursingworld.org>.

American Society of Clinical Pathologists. 2100 West
Harrison St., Chicago, IL 60612 (312) 738-1336.
<http://www.ascp.org>.

OTHER

“Adreno Cortical Hyperfunction.” Merck Manual Online, 17th
ed. Whitehouse Station, NJ.: Merck & Co., Inc. 2001.
<http://www.merck.com/pubs>.

“Adrenal Cortical Hypofunction.” Merck Manual Online, 17th
ed. Whitehouse Station, NJ.: Merck & Co., Inc. 2001.
<http://www.merck.com/pubs>.

L. Lee Culvert

Adrenocorticotropic hormone test see
Pituitary hormone tests

I Adrenomedullary hormone
tests

Definition

Adrenomedullary hormone tests measure levels of
the hormones epinephrine, norepinephrine, and
dopamine found in blood and urine. This group of tests
also includes urine tests for the catabolic products (break-
down products) of these hormones, known alternately as
metabolites. Epinephrine, norepinephrine, and dopamine,
collectively called catecholamines, are manufactured by
chromaffin cells in the medulla (center) of the adrenal
glands and are derived from the amino acid tyrosine.
They help ready the body for the “fight-or-flight”
response, also known as the alarm reaction. When
adrenomedullary hormones are released at times of
stress, the heart beats stronger and faster, blood pres-
sure rises, blood flow is increased to the brain and mus-
cles, and the liver releases glucose (sugar) as energy the
body can readily use. Simultaneously, the rate of breath-
ing increases, airways in the respiratory system widen,
and digestive activity slows. These reactions quickly
direct more oxygen and fuel to the brain, heart, and
skeletal muscles, the organs most active in responding
to stress.

The adrenomedullary hormone tests (also called cat-
echolamines, dopamine, norepinephrine, epinephrine, or
adrenalin tests) may be performed on blood or urine
specimens. Urine tests are also used to measure the
metabolites vanillylmandelic acid (VMA), metanephrine
and normetanephrine, and homovanillic acid (HVA).
Catecholamines are released from the adrenal gland in
pulses causing blood levels to be quite variable.
Measurements of catecholamines and their metabolites in
24-hour urine samples are generally preferred because
they are not subject to pulse variation.

Purpose

Only small amounts of adrenomedullary hormones
are found in the urine of healthy people. Excessive levels
may be secreted in conditions that affect hormone pro-
duction, such as pheochromocytoma (a tumor of the
chromaffin cells of the adrenal gland) and rare tumors of
the nervous system (neuroblastomas, ganglioneuroblas-
tomas, and ganglioneuromas). Elevated hormone levels
often result in constant or intermittent high blood pres-
sure (hypertension). Episodes of high blood pressure
may be accompanied by symptoms such as headache,
sweating, palpitations, and anxiety. The adrenomedulary
hormone test can be ordered to help determine if high
blood pressure is related to abnormal hormone secretion
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and to either exclude a tumor as the underlying cause or
to identify the type of tumor that may be increasing hor-
mone levels.

Description

Adrenomedullary hormone tests are typically per-
formed by medical technologists in the clinical laborato-
ry on either blood plasma or 24-hour urine samples. If
performed on blood, the test may require drawing one or
two samples, depending on the physician’s request. The
objective may be to measure changes in adrenomedullary
hormone production over a specific time period or in cer-
tain conditions, such as changes in temperature, posture,
diet, or medications. The first blood sample will usually
be drawn after the patient has been lying down in a
warm, comfortable environment for at least 30 minutes.
If a second sample is needed, the patient will be asked to
stand for 10 minutes before the blood is drawn. Instead
of a venipuncture, which can be stressful for the patient
and can actually increase adrenomedullary hormone lev-
els in the blood, a catheter (a small plastic tube-like
device) may be inserted in a vein 24 hours in advance.
This allows the blood sample to be collected without the
stress of needle puncture at the time of the test.

Because blood levels of adrenomedullary hormones
commonly go up and down in response to factors such as
temperature, stress, postural change, diet, smoking, obe-
sity, and certain drugs, abnormally high blood levels
should be confirmed with a 24-hour urine test. It is also
important to consider that hormone secretion from a
tumor may not be steady, but may occur periodically dur-
ing the day. Consequently, an elevation in hormone lev-
els potentially could be missed if only the blood test is
performed. By contrast, the urine test requires that all
urine passed during a 24-hour period must be collected
by the patient or a healthcare professional, ensuring that
the urine specimen reflects hormone production over an
entire day.

The recommended procedure for measuring cate-
cholamines and their metabolites is chromatography.
High-performance liquid chromatography with electro-
chemical detection (HPLC-EDC) or liquid chromatogra-
phy with mass spectrometry detection (LC-MS) are both
sensitive and specific and have the advantage of being
able to measure epinephrine, norepinephrine, and
dopamine simultaneously. HPLC-EDC is also the
method of choice for simultaneous measurement of
VMA and HVA, although this procedure requires differ-
ent extraction and separation conditions than are used for
catecholamines. VMA can also be measured by a col-
umn-diazo method that is free of interference from
dietary vanillin. The VMA is extracted from the urine

and isolated on a silica gel column. The column is
washed to remove interfering substances and the VMA is
eluted and reacted with a diazonium salt to form a purple
colored complex. Metanephrines are most often meas-
ured by HPLC-EDC or by gas chromatography-mass
spectrometry. Immunoassay and radioenzymatic assays
are also used for the measurement of catecholamines and
metanephrines. These methods require enzymatic con-
version to a derivative before measuring the cate-
cholamine or metabolite.

Precautions

There are no notable precautions with either blood or
urine tests for adrenomedullary hormones. Physicians
will determine if restrictions for the tests are appropriate
for patients being treated with medications for high blood
pressure or heart disease. When blood is used, universal
precautions should be followed for the prevention of
transmission of bloodborne pathogens.

Preparation

Physicians will instruct patients to discontinue use of
certain medications for up to two weeks before the test or
will write orders to this effect for patients in nursing
facilities. Drugs that may increase catecholamine levels
include caffeine, nicotine, levodopa, lithium, amino-
phylline, clonidine, erthromycin, insulin, methyldopa,
tetracyclines, and nitroglycerin. Drugs that may decrease
catecholamine levels include clonidine, imipramine,
MADO inhibitors, phenothiazines, salicylates, and reser-
pine. The patient should fast (nothing to eat or drink) for
10 to 24 hours before the blood test and should cease
smoking for 24 hours before testing. Other restrictions
may be required either by individual physicians or by the
laboratory, depending on the tests requested. Vigorous
physical exercise and emotional stress should be avoid-
ed before the test to prevent alteration of test results by
increasing secretions of epinephrine and norepinephrine.

The clinical laboratory will provide instructions and
containers for patients collecting their own 24-hour urine
samples. Catecholamines and their metabolites are rapid-
ly degraded above pH 2.0. Therefore, 10 mL of 6N
hydrochloric acid or concentrated sulfuric acid will be
present in the container. Patients should be advised to
avoid touching the preservative in the collection contain-
er. If the preservative comes in contact with the skin, the
area should be rinsed with water immediately. Collection
should begin in the morning on any day except Friday or
Saturday to ensure that samples will be delivered to the
laboratory on a work day. Urine samples must be refrig-
erated continuously in the patient’s home or in the nurs-
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ing facility. The specimen should be delivered to the lab-
oratory promptly at the end of the 24-hour period.

Aftercare

Following venipuncture for blood plasma hormone
tests, the laboratory technologist, nurse, or phlebotomist
drawing the sample should inspect the venipuncture site
to make sure that the wound has closed and no bleeding
is present. The site should be covered with an adhesive
bandage. There is no notable aftercare for patients under-
going 24-hour urine hormone tests. Patients can be
reminded to resume foods and medications that were
restricted prior to testing.

Complications

Complications from drawing blood are minimal and
may include slight bleeding from the venipuncture site,
fainting, or lightheadedness after the blood sample is
drawn. Blood may accumulate under the puncture site
(hematoma) if pressure is not applied to the site immedi-
ately after drawing blood. There are no complications for
the urine test, although patients must avoid touching the
preservative in the collection containers.

Results

Reference ranges are laboratory-specific and vary
with age and according to the test methodology used.
Normal values for blood and urine tests are different.
High performance liquid chromatography (HPLC) is the
most common test method. Other methods especially
spectophotometric and fluorometric determinations are
less specific and give higher results. Urinary levels are
influenced by renal function and it has become custom-
ary to report urinary catecholamines and their metabo-
lites per gram of creatinine excreted especially when a
random urine is used. Typical adult values for HPLC
blood and urine tests follow.

Reference ranges for blood plasma hormone levels:

e Supine (lying down): Epinephrine less than 50
picograms per milliliter (pg/mL), norepinephrine less
than 410 pg/mL, and dopamine less than 30 pg/mL.

« Standing: Values for blood specimens taken when the
subject is standing are higher than the ranges for supine
posture for epinephrine (less than 140 pg/mL) and nor-
epinephrine (less than 1700 pg/mL), but not for
dopamine.

Reference ranges for urine hormone levels:

« Epinephrine: 0.5 to 20 micrograms per 24 hours (mcg/
24 hrs) or 0 to 20 micrograms per gram creatinine.

* Norepinephrine: 15 to 80 mcg/24 hrs or 0-45 mcg per
gram creatinine.

« HVA: 65 to 400 mcg/24 hrs or O to 8 mg per gram cre-
atinine.

« Total catecholamines: 14 to 110 mcg/24 hrs.

* VMA: 2 to 7 milligrams(mg)/24 hrs or 0 to 6 mg per
gram creatinine.

* Metanephrine: 24 to 96 mcg/24 hrs or 0 to 300 mcg per
gram creatinine.

» Normetanephrine: 75 to 375 mcg/24 hrs or 0 to 400
mcg per gram creatinine.

Elevated levels of the individual adrenomedullary
hormones can indicate different conditions and/or causes,
depending on which hormone or combination of hor-
mones is elevated:

* Pheochromocytoma most commonly causes an
increase in norepinephrine, metanephrines, and VMA
although other catecholamines may also be increased.
Measurement of 24-hour urinary metanephrines is
considered the most sensitive test for this condition.
When both metanephrines and VMA are used, the
test approaches 100% in its clinical sensitivity. Neuro-
blastomas most frequently produce dopamine, nore-
pinehprine, HVA, and VMA. HVA is the most specific
marker since it is least likely to be increased in
pheochromocytoma. The sensitivity with HVA alone is
about 70%. The recommended initial tests for neurob-
lastoma includes both HVA and VMA to increase diag-
nostic sensitivity.

Elevations of catecholamines and their metabolites are
possible with, but do not directly confirm, thyroid dis-
orders, low blood sugar (hypoglycemia), or heart
disease.

Electroshock therapy, or shock resulting from hemor-
rhage or exposure to toxins, can raise hormone levels.

In the patient with normal or low baseline hormone lev-
els, failure to show an increase in the sample taken after
standing suggests an autonomic nervous system dys-
function (the division of the nervous system responsi-
ble for the automatic or unconscious regulation of inter-
nal body functioning).

In the absence of a tumor or other clinical findings, ele-
vated adrenomedulary hormones may indicate pro-
longed stress or acute anxiety. They may also be ele-
vated during serious physical illness.

Health care team roles

A physician orders adrenomedullary hormone tests
and will typically instruct the patient about preparatory
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KEY TERMS

Catabolic—Catabolism and catabolic refer to the
breakdown of complex substances in the body into
simpler ones, which are called catabolic products.

Catecholamines—A collective term for the major
adrenomedullary hormones epinephrine, norepi-
nephrine, and dopamine. Catecholamines are
known to be elevated in the presence of certain
tumors, in severe stress, strenuous exercise, acute
anxiety, and serious illness.

Dopamine—A precursor of epinephrine and norep-
inephrine. It is a neurotransmitter (transmits impuls-
es between cells) primarily found in the brain.

Epinephrine—Also called adrenalin, is a naturally
occurring hormone released by the medulla of the
adrenal glands in response to signals from the sym-
pathetic nervous system. These signals are triggered
by stress, exercise, or by emotions such as fear.

Ganglioneuroma—A tumor composed of mature
nerve cells.

Homovanillic acid (HVA)—A catabolic product or
metabolite of the major adrenomedullary hormone
dopamine.

steps required. A laboratory technologist, nurse, or a
phlebotomist (someone specifically trained in venipunc-
ture technique) will perform a venipuncture to obtain
blood samples, collecting blood in a tube that contains
anticoagulant. If two samples are drawn, this may take
about 45 minutes. Health care providers may help
encourage the patient to remain quiet and calm prior to
the test and between the drawing of samples.
Laboratories will provide containers for urine collection
and should help ensure compliance by providing written
instructions for 24-hour urine collection. Laboratory
technologists or nursing staff interacting with the patient
may gently question the patient at the time of the blood
test or urine collection about fasting or about having dis-
continued the use of caffeine, nicotine, prohibited foods
and medications prior to the test. Testing is performed by
a clinical laboratory scientist/medical technologist.

Patient education

Because tests for adrenomedullary hormones are
especially sensitive, patient compliance with restrictions
is essential. It is important for outpatients undergoing the
adrenomedullary hormone tests to receive written

Metanephrine—A catabolic product or metabolite
of the adrenomedullary hormones epinephrine and
norepinephrine.

Neuroblastoma—A rare tumor of the adrenal
glands or sympathetic nervous system. Neuroblast-
omas can range from being benign (relatively
harmless) to malignant.

Norepinephrine—A hormone secreted by nerve
endings of the sympathetic nervous system and by
the adrenal medulla. It is a neurotransmitter whose
primary function is to help maintain constant blood
pressure by stimulating certain blood vessels to
constrict when blood pressure falls below normal.

Normetanephrine—A catabolic product or
metabolite of the adrenomedullary hormone nor-
epinephrine and epinephrine.

Pheochromocytoma—A tumor that originates from
the overproduction of powerful adrenomedullary
hormones by the chromaffin cells of the adrenal
glands.

Vanillylmandellic acid—A product of catabolism of
the adrenomedullary hormones metanephrine and
normetanephrine.

instructions regarding dietary restrictions, changes in
medications, and instructions for 24-hour urine collec-
tion. These instructions can be prepared by the laborato-
ry and supplied to physicians and nursing units in health
care facilities. Urine collection instructions should be
written in a step-wise manner. Laboratory and nursing
staff can explain each step, reminding the patient to
refrigerate the urine at all times and deliver the container
to the laboratory promptly at the end of the 24-hour peri-
od. Health care providers should also encourage the
patient to drink clear fluids regularly throughout the urine
collection process.

Training

Laboratory technologists performing adrenomedul-
lary hormone tests will have undergone education and
training in biochemistry, enabling them to understand the
role of these hormones in the body and the chemical basis
for expression of the hormones in body fluids. Hands-on
clinical laboratory training will prepare technologists to
perform HPLC or other methods of measuring
adrenomedullary hormones in blood and urine. Nursing
personnel responsible for patients undergoing testing for
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adrenomedullary hormones must understand the critical
nature of the preparation for these tests and help to
encourage patient compliance. Laboratory and nursing
staff will be responsible for noting abnormal results and
calling them to the attention of physicians.

Resources

BOOKS
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Ohio: Lexi-Comp Inc., 1996.

Pagana, Kathleen D. and Timothy J. Manual of Diagnostic
and Laboratory Tests. St. Louis: Mosby, Inc., 1998.

OTHER

“Pheochromocytoma.” Merck Manual Online, 17th ed.,
Whitehouse Station, NJ.: Merck & Co., Inc. 2001.
<http://www.merck.com/pubs>.

ORGANIZATIONS

American Nurses Association. 600 Maryland Ave. SW, Ste.
100 West, Washington, DC 20024. (800)274-4ANA.
<http://www.nursingworld.org>.
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<http://www.ascp.org>.

L. Lee Culvert

I Adult day care
Definition

Adult day care describes programs, services, and
facilities intended to assist physically or mentally
impaired adults who might otherwise require institution-
alization, allowing them to remain in the community. It is
generally considered an alternative to institutional long-
term care and rehabilitation.

Description

There are two general types of adult day care pro-
grams—a medical model and a social model. The med-
ical model provides comprehensive medical, therapeutic,
and rehabilitation day treatment. The social model offers
supervised activities, peer support, companionship, and
recreation. Both models assist older adults and those with
chronic conditions to remain as independent as possible,
for as long as possible.

Programs organized along the medical model lines
are often called adult day health care to distinguish them
from social programs. Adult day health care programs

offer health services such as physician visits, nursing
care, and podiatry, as well as rehabilitation services such
as physical, occupational, and speech therapy in a secure
environment. This model of adult day care is offered to
clients with a variety of chronic medical conditions
including:

« adults with Alzheimer’s disease, other dementias, or

depression

« patients recovering from stroke or head or spinal cord
injuries

« patients with chronic diseases such as diabetes or car-
diovascular disease

« adults with developmental disabilities such as Down
syndrome

* adults suffering from mental illnesses

« frail older adults requiring nursing care and assistance
daily living activities

The social model of adult day care emphasizes
supervised group activities such as crafts, gardening,
music, and exercise. Participants in this model may
require some assistance with the activities of daily living
(e.g., eating, bathing, dressing) but they generally do not
require skilled nursing care. Like adult day health care
facilities, these social programs generally provide trans-
portation and a midday meal for clients, as well as care-
giver support groups, information and referral services,
and community outreach programs.

In 2005, there will be an estimated 36 million
Americans aged 65 or older. According to U.S.
Department of Labor statistics, the fastest growing seg-
ment of older adults is the population age 85 and older.
About 80% of the frail elderly remain in the community
and are cared for by relatives, most commonly by adult
daughters. Today, however, an increasing number of
women aged 35 to 54 are in the workforce and unable to
care for aging parents or disabled adult children at home.

Though the clients of adult day care are the adults
who attend the programs daily or several times each
week, adult day care also meets the needs of families and
other caregivers. Before women entered the workforce,
they were available to care for relatives at home. Today,
adult day care provides a secure, alternative source of
care for women who work outside the home. It also offers
respite, or much needed breaks, for caregivers. Older
adults caring for spouses, or children caring for aging
parents find adult day care helps ease the burden of car-
ing for an ill, confused, or disabled family member.

The first adult day care centers opened in England
during the 1940s and 1950s. Established by psychiatric
hospitals, these centers were designed to reduce the fre-
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KEY TERMS

Alzheimer’s disease—Progressive dementia char-
acterized by worsening memory and other cogni-
tive impairment.

Geriatrician—Physician specializing in the care
and treatment of older adults.

quency of hospital admissions. The first adult day care
centers in the United States appeared during the early
1970s, and today there are more than 4,000 services and
centers. Most centers and programs operate during busi-
ness hours, Monday through Friday, but some offer
weekend and evening care.

According to a 1997 survey conducted by the
National Adult Day Service Association (NADSA), 34
states offer licensure of adult day care, but only 25
require licensure. Adult day care services or programs
may be affiliated with hospitals, nursing homes, home
health agencies, or senior centers, but many are unaffili-
ated, independent programs. They may be located in
storefronts, senior centers, community health and med-
ical centers, and nursing homes.

Among centers responding to the NADSA survey,
the average enrollment (number of clients) was about 40;
the average client age was 76; and about three quarters of
clients lived with family. Nearly 80% of adult day centers
offered nursing services, and approximately 90% are not-
for-profit. Fees ranged from $1 to $200 per day, with an
average of $28 to $43 dollars per day. As of 2001,
Medicare does not pay for any type of adult day care;
however, in 35 states, Medicaid can be used to pay for
adult day care.

Viewpoints

Though fees for adult day care vary widely, the serv-
ice is generally considered cost effective when compared
with the cost of institutional care, such as skilled nursing
facilities or even home health care. More importantly,
adult day care enables older adults, persons with physical
disabilities, and those with cognitive impairments to
maintain their independence. Research has demonstrated
that adult day care also reduces the risks and frequency of
hospitalization for older adults. Adult day care satisfies
two requirements of care; it provides a secure, protected
environment and is often the least restrictive setting in
which care may be delivered.

Quality and standards of care vary from state to state
and from one center or program to another. NADSA and

the National Council on the Aging have developed stan-
dards and benchmarks for care, but adherence to these
standards is voluntary. NADSA is currently developing a
certification program for adult day center administrators
and directors; there is already a certification process for
program assistants. Since no uniform national standards
exist, it is difficult for consumers to know whether a pro-
gram or center is staffed by qualified personnel or pro-
vides appropriate services.

Generally, quality adult day care centers or programs
conduct thorough assessments of each client and develop
individualized plans of care and activities to meet the
needs of the impaired, disabled, or frail older adults. The
plans for each client describe objectives in terms of
improvement or maintenance of health status, functional
capabilities, and emotional well being. Centers must have
high caregiver to client ratios to ensure safety, supervi-
sion, and close attention. Further, all personnel and vol-
unteers should be qualified, trained, and sensitive to the
special needs of the client population. For example, cen-
ters and services for persons with Alzheimer’s disease or
other dementias must take special precautions to ensure
that clients can not wander away from the facility.

Professional implications

The aging population in the United States, the
increasing incidence of Alzheimer’s disease, and rising
popularity of adult day care have created new and addi-
tional opportunities for health professionals and other
care-giving and service personnel.

Along with nurses, physical, occupational, and
speech therapists, adult day care centers employ:

¢ administrators, program, and activity directors
« recreational therapists and assistants

« health aides and program aides

 bus and van drivers

« social workers and counselors

« teachers and trainers

Resources

BOOKS

Ebersole, Priscilla, and Patricia Hess. Toward Healthy Aging
Human Needs and Nursing Response Fifth Edition. St.
Louis: Mosby, 1998, pp. 822-823.

Hogstel, Mildred O. Nursing Care of the older Adult. New
York: Delmar Publishers, 1994, pp. 439-440.
ORGANIZATIONS

National Association of Adult Day Services.
<http://www.ncoa.org/nadsa/ADS>.
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Family Caregiver Alliance.
<http://www.caregiver.org/work&eldercare/bdc.html>.

Seniorresource.com.
<http://www.seniorresource.com/hsdc.htm>.

OTHER

National Association of Adult Day Services. Adult Day
Services Fact Sheet.
<http://www.ncoa.org/nadsa/ADS_factsheet.htm>.

National Association of Adult Day Services. Your Guide to
Selecting an Adult Day Services Center.
<http://www.ncoa.org/nadsa/guide_2_ADS.htm>.

Barbara Wexler

I Advanced practice nurses
Definition

Advanced practice nurses are typically those nurses
prepared at the master’s or doctoral level, and they fall
into four categories of clinicians: clinical nurse special-
ists, certified registered nurse anesthetists, nurse practi-
tioners, and certified nurse-midwives.

Description
Clinical nurse specialists

Clinical nurse specialists (CNSs) are licensed regis-
tered nurses (RNs) with additional master’s or doctorate-
level training in CNS. These advanced practice nurses
are clinical experts in theory-based or research-based
nursing, focusing on specific specialty areas.

CNSs have broadened patient care roles because of
their advanced training. In some states, they have the
authority to prescribe medications.

CNSs assume many roles within the health care
delivery system. While many are in the clinical setting,
others work as educators, administrators, consultants,
researchers, change agents, and case managers. CNSs
can become specialized in the areas of adult psychiatry,
child psychology, community health, home health,
gerontology, and medical-surgical, as well as oncology,
perinatal critical care, critical care, and rehabilitation.
Some nurses in areas of specialty certification classify
themselves as CNSs, others use the umbrella term of
advanced practice nursing

In March 2000, the number of RNs prepared to prac-
tice in at least one advanced practice role was estimated
to be about 7.3% of the total RN population. The largest
group among the advanced practice nurses was the nurse

practitioners, followed by the CNSs. These two groups
together made up about 80% of all advanced practice
nurses. Although about 36.9% of the CNSs were
employed in nursing, only about 24% were practicing
under the position title of CNS. Nearly 25% of CNSs
reported working in nursing education positions.

Certified registered nurse anesthetist

Nurse anesthesia is the oldest of the advanced nurs-
ing specialties. These advanced clinical nurses, called
certified registered nurse anesthetists (CRNAs), adminis-
ter about 65% of the anesthetics given to patients annual-
ly in the United States.

Nurse anesthetists make up the third largest group of
advanced practice nurses, and were the first professional
group in the United States to provide anesthesia services
in the 1800s. Their role in surgery is to keep patients as
comfortable, pain free, and safe as possible. Nurse anes-
thetists perform patient physical assessments; take part in
preoperative teaching; develop, prepare, and implement
the anesthesia plan; select, obtain, and administer anes-
thesia and other medications and fluids needed to manage
the anesthetic; maintain anesthesia throughout the opera-
tion and manage the patient’s airway and pulmonary
status; respond as necessary to emergency situations
ensuring airway management, administering emer-
gency fluids or medications, and performing cardiac life
support techniques; and follow patients through recovery
and into the patient care unit. Essentially, they take care
of patients before, during, and after having surgery or
giving birth.

CRNAs can sub-specialize in pediatric, obstetric,
cardiovascular, plastic, dental, or neurosurgical anesthe-
sia. Some have credentials in critical care nursing and
respiratory care.

Nurse practitioner

Nurse practitioners (NPs) are registered nurses who
have advanced academic and clinical experience.
Because of this additional training, NPs can diagnose and
manage common and chronic illnesses, independently or
as part of a health care team. Nurse practitioners often
can provide primary care previously offered only by doc-
tors and, in many states, they prescribe medications.
While in many cases NPs work in collaboration with
physicians, NPs have the authority to practice without a
physician collaboration or supervision in 18 states.

NPs perform physical exams; diagnose and treat
many acute illnesses and injuries; provide immuniza-
tions; manage high blood pressure, diabetes, and other
chronic conditions; order and interpret x rays and other
lab tests; and counsel and educate patients about how
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Advanced practice nurses

they can live healthy lifestyles. NPs focus much of their
practice on health maintenance, disease prevention,
patient education, and counseling. While they have a
strong emphasis on primary care, NPs practice in a wide
variety of specialties, including neonatology, ob-gyn,
pediatrics, school health, family and adult health, mental
health, home care, geriatrics, and acute care.

Certified nurse-midwife

Certified nurse-midwives (CNMs) focus on the
independent management of women'’s health care, partic-
ularly on pregnancy, childbirth, the postpartum period,
care of the newborn and the family planning, and gyne-
cological needs of women. They have the authority to
write prescriptions. CNMs deliver babies in all types of
health care settings, as well as in private homes, and pro-
vide primary health care to women, often helping them to
realize personal fulfillment through labor and birth.
CNMs work independently and in collaboration with
other health care providers. They also teach and conduct
research.

The trend seems to be that more people are choosing
CNMs. As of 1998, there were nearly 278,000 CNM-
attended births in the United States. About 400 nurse-
midwives pass the national certification exam each year.
The practice of nurse-midwifery is legal in all states and
the District of Columbia. These advanced practice nurs-
es have prescription-writing ability in 50 states and juris-
dictions. Ninety percent of all visits to CNM:s are for pri-
mary and preventive care. Seventy percent of that was
for care during pregnancy and after birth, while 20% was
for care outside of the maternity cycle.

Work settings
Clinical nurse specialists

CNSs work in the acute care, long-term care, and
intermediate care settings. They work in clinical educa-
tion within health care facilities, as well as in nursing
education programs as faculty teaching nursing. Other
settings in which CNSs work include outpatient and
ambulatory care, private practice, home health, physician
office practice, sub-acute care, government or military
service, community health centers, health care adminis-
tration, private industry (working for drug companies or
manufacturers, in managed care and other areas of the
private sector), and nurse-managed centers. Within these
categories, CNSs work in assisted living facilities; spe-
cialized hospital areas, such as cardiac catheterization
labs; correctional facilities; dialysis units; parish nursing;
and psychiatric hospitals.

Certified registered nurse anesthetist

Nurse anesthetists can work with an physician anes-
thesiologist, independently or in groups as providers of
anesthetics. They work as part of a medical team or inde-
pendently in any setting in which anesthesia is given,
including doctors’ and dentists’ offices, pain clinics,
operating rooms of hospitals, and ambulatory surgery set-
tings. CRNAs who work independently or in groups
might have contracts with physicians or hospitals. Some
CRNAs work in private practices, while others choose
the public sector or the U.S. military. They work in uni-
versities as instructors and in research settings as investi-
gators, collaborators, consultants, assistants, interpreters,
and researchers. CRNAs also work in surgical and obstet-
ric environments in MRI units, cardiac catheterization
labs, and lithotripsy units. In these environments, they
provide consultation and implementation of respiratory
and ventilatory care, manage emergency situations, and
start or participate in airway maintenance, ventilation,
and tracheal intubation during CPR.

Nurse practitioner

Nurse practitioners work in metropolitan area clinics
and hospitals, as well as in rural areas, inner cities, and
medically underserved locations. They work in schools,
caring for children, and in nursing homes and assisted
living facilities, caring for the elderly and others. NPs
work in pediatric, family health, women’s health, and
other specialty settings. Some work in private practices
or in nurse-run group practices.

Certified nurse-midwife

CNMs work in clinical practice in public, university,
and military hospitals. They also work in health mainte-
nance organizations, private practices, and birthing cen-
ters. Many practice in public heath clinic, and some pro-
vide home birth services. More than 50% of CNMs work
most often in the office or clinic environment, listing a
hospital or physician practice as their employer.

Education and training
Clinical nurse specialists

Nurses must have a baccalaureate degree or its
equivalent to enroll in a CNS program. To use the title of
CNS, the CNS must have a minimum of a master’s
degree from an education program that prepares CNSs.
The training is graduate-level education. Some universi-
ties have a fast track program whereby they will accept
individuals who do not have a baccalaureate and move
them into a master’s program. CNSs also take a certifica-
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tion exam in a specialty, offered by one of the nationally
recognized certification entities.

CNS students go through advanced theory and prac-
tice training, revolving around the three areas of influ-
ence that impact on direct patient care, supervising direct
patient care, and patient care systems.

The American Nurses Credentialing Center certifies
CNSs as adult psychiatric, child psychology, community
health, home health, gerontology, and medical-surgical
CNSs. There also are other certifying bodies, including
the Rehabilitation Nursing Certification Board, Oncology
Nursing Certification Corporation, and American
Association of Critical Care Nurses Certification.

The doctoral-level CNS typically focuses on research.

Certified registered nurse anesthetist

Nurse anesthetists are registered nurses who com-
plete two to three years of higher education, beyond the
bachelor’s of nursing degree or other appropriate bac-
calaureate degree. They attend accredited nurse anesthe-
sia educations programs, covering all areas of anesthesia.
After completing an accredited program, nurse anes-
thetists must pass a national certification exam to obtain
the CRNA designation.

The education for a nurse anesthetist involves
about 24 to 36 months of graduate course work. It
includes classroom and clinical experience.

In most cases, to be accepted into an accredited
school, those who aspire to become nurse anesthetists
must have an appropriate four-year degree, an RN
license, and at least one year of acute care nursing expe-
rience, which varies by program.

Nurse practitioner

NPs receive their advanced educations through pro-
grams that award master’s degrees. RNs who aspire to
become NPs should have extensive clinical experience
before applying to an NP program. NP programs include
the components of an intensive preceptorship under the
direct supervision of a physician or experienced NP and
instruction in nursing theory. An increasing number of
nurses are becoming prepared as both NPs and CNSs.
Those prepared in both roles are more likely to function
as nurse practitioners.

Certified nurse-midwife

CNMs are educated in the two disciplines of nursing
and midwifery. They must possess evidence of certifica-
tion according to the requirements of the American
College of Nurse-Midwives. Being an RN is a require-

ment to become a certified nurse-midwife. In some cases,
those with baccalaureate degrees in other fields are con-
sidered. Upon graduation, CNMs can receive MS (mas-
ter’s of science), MSN (master’s of science in nursing),
MPH (master’s of public health) degrees or a doctoral
degree. About 68% of CNMs have master’s degrees,
while 4% have doctoral degrees. There are also those
who graduate with a certificate or from a nurse-mid-
wifery education program. However, the number of
states and employers who require master’s-prepared
CNDMs is increasing. Once in the program, student CNMs
receive labor and delivery experience in different types
of settings. They must pass a national certification exam
to call themselves CNMs.

Advanced education and training

All advanced practice nurses with master’s degree
can go on to get their doctorate degrees. Often, those with
doctorate-level training go into research, administration,
or teaching at the university level.

Future outlook

The outlook is good for all types of nurses, especial-
ly those at the RN level or higher. It is projected that if
current trends continue, demand will exceed supply of
RNs by about 2010. It is possible that as many as 114,000
jobs for full-time-equivalent RNs are going to go unfilled
nationwide by 2015. This is due to a growing elderly
population with mounting health care needs, an aging RN
workforce, the expansion of primary care, and techno-
logical advances that require more highly trained nurses.

There is a growing demand for RNs with advanced
clinical skills. Almost all who graduate have jobs waiting
for them.

Resources

ORGANIZATIONS

American Association of Colleges of Nursing. One Dupont
Circle, NW, Suite 530, Washington, DC 20036. (202)
463-6930. <http://www.aacn.nche.edu>.

American Association of Nurse Anesthetists. 222 South
Prospect Avenue, Park Ridge, IL 60068-4001. (847) 692-
7050. <http://www.aana.com>.

American College of Nurse-Midwives. 818 Connecticut Ave.
NW, Suite 900, Washington, DC 20006. (202) 738-9860.
<http://www.acnm.org>.

American College of Nurse Practitioners. 503 Capitol Ct. NE,
#300, Washington, DC 20002. (202) 546-4825.
<http://www.nurse.org>.

American Nurses Association. 600 Maryland Avenue, SW,
Suite 100 West, Washington, DC 20024. (800) 274-
4ANA. <http://www.ana.org>.
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National Association of Clinical Nurse Specialists. 3969
Green Street, Harrisburg, PA 17110-1575. (717) 234-
6799. <http://www.nacn.org>.

OTHER

The Registered Nurse Population National Sample Survey of
Registered Nurses—March 2000. U.S. Department of
Health and Human Services, Health Resources and
Services administration. Bureau of Health Professions.
Division of Nursing. <http://bhpr.hrsa.gov>.

Lisette Hilton

Aerobic testing see Endurance testing

I Aerosol drug administration
Definition

Aerosol drug administration is the administration of
a drug via air particles delivered by an appropriate device
that is inhaled and absorbed into the patient’s body via
the lungs.

Purpose

Aerosol administration of drugs is indicated in cir-
cumstances where rapid absorption and localization
effects of the drug are required to produce the appropri-
ate response. Aerosol administration methods are most
commonly used in asthmatic conditions or specific lung
conditions that cause difficulty in breathing. Diseases
including emphysema, asthma, chronic obstructive pul-
monary disease (COPD), and other similar conditions
warrant and necessitate the use administration of drugs
by this route of administration.

Precautions

Aerosol administration in itself is generally a safe
practice, as long as the health care provider or client is
well educated in its use. It is contraindicated in condi-
tions where complete obstruction of the airway is pres-
ent, as the administration route is completely blocked.
Such conditions, however, are usually resolved rapidly in
emergency situations.

Description

Aerosol drug administration, also known as inhala-
tion therapy, or in some cases, nebulized drug therapy, is
the method by which drugs are dispersed into the lungs
or bronchial airways in the form of tiny droplets—often

bound to water, oxygen, or another gaseous substance.
Drugs are generally delivered by two means. The first is
via a device called a nebulizer. The nebulizer is a
mechanical pump (of which there are many types) that
produces a fine mist in which the drug is dispersed via an
appropriate nebulizer-compatible face mask. This fine
mist is inhaled deep into the lungs for maximum effect.
The second method of delivery is via a hand-held, nebu-
lized aerosol device. These devices, also known as
“puffers,” use the effects of a pressurized gas to create
and disperse the drug into a fine mist or spray, which is
then inhaled.

Both methods of aerosol inhalation are very effective
when used correctly. In cases of extreme breathlessness
or dyspnea (labored or difficult breathing), the mechani-
cal pump nebulizers are generally more effective, as they
disperse the drug over a longer time period; this, in turn,
gives the recipient a longer time period, allowing the air-
ways to open more effectively.

In terms of medical treatment costs and medication
costs, aerosol drug administration is relatively inexpen-
sive. Nebulized therapy via a mechanical pump is usual-
ly completed within five to ten minutes. Delivery of
drug via hand-held devices is completed within a few
seconds.

Procedure for effective mechanical pump
nebulization

» The nebulizer solution and equipment specific to the
type of pump being used should be prepared. If neces-
sary, the instruction guides should be consulted.
(Detailed instruction is beyond the scope of this guide
due to the vast number and variety of pumps available.)

An appropriate face mask is obtained.

The recipient should be placed in a comfortable,
upright position that is greater than 45 degrees. This
will enable maximum breathing efficiency. A hospital
bed with an adjustable backrest, or a chair with good
back support, is adequate. The comfort of the recipient
should be ensured and maintained throughout the pro-
cedure.

The client should be reassured. Often, when a patient is
suffering from breathing difficulty, he or she becomes
anxious and frightened. The nurse should do his or her
best to relax and reassure the patient as much as possi-
ble. When relaxed, the airway has the best chance of
recovery, and inhalation of the nebulized drug is
assured.

» When patient is comfortable and in a suitable position,
the nebulizer pump can be turned on. The nurse must
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confirm that a steady mist is flowing from the mask or
application device.

When a steady flow of mist is achieved, the nurse
should fit the mask or application device correctly to
the patient’s face or trachea (if applicable).

While nebulization and delivery of drug is occurring,
the patient should be monitored for signs of reaction to
the drug and for improvements or deterioration in
breathing patterns.

Once the procedure is complete, the patient’s oxygen
saturation level should be measured, if equipment is
available. This measurement should be recorded and
reported along with any other documentation.

The recipient should be asked if the medication has had
a positive effect. If not, further advice or orders should
be sought from the physician.

The nurse should provide education about delivery of
the drug by inhalation to the recipient. He or she should
also answer questions the recipient may have.

Procedure for inhalation from hand-held devices

Again, there are many devices available that operate in
different manners. A detailed description of each, how-
ever, is beyond the scope of this guide.

For effective delivery of drug from these type of
devices, it is essential that the medication is prepared
properly, using the instructions supplied with the device.

Once the medication has been prepared, the recipient
must hold his or her lips one to two inches (3-5 cm)
from the open mouth. The patient needs to breathe in
deeply (powdered-drug-type devices), or breathe in
deeply while depressing the canister (for canister/barrel
type devices); this will allow the drug to be inhaled
deeply into the airways and lung tissue.

Positive responses should be observed or measured by
the nurse.

All data, as appropriate, must be recorded by the nurse.
If treatment is note effective, further advice or orders
should be sought.

Preparation

Generally, there are no specific pretreatment proce-
dures, except for the set-up of equipment used for the
procedure. The recipient generally requires no personal
preparation in common use of this procedure.

Aftercare

Recipients should be monitored for signs of positive
response to the drug. It is important to rinse the mouth

following inhalation therapy, as drug residue can remain
in the mouth and cause oral problems and tooth decay in
some instances.

Complications

Complications are almost always related to the type
of drug being delivered. Complications may also arise
due to drug overdose. It is important in a hospital or
clinic emergency environment, particularly with asthma
sufferers, that the health care provider assess how much,
and what type of medication, has been administered prior
to the patient’s arrival in the emergency department, to
avoid such complications.

Results
Anticipated outcome for symptom-relieving drugs

In a lung or breathing condition, the desired outcome
from symptom-relieving aerosol drugs is a complete ces-
sation of such symptoms or at least an improvement in
symptoms following completion of the treatment. Failure
to relieve symptoms indicates ineffective drug delivery,
incorrect drug choice or strength, or deterioration of the
patient’s condition.

Anticipated outcome for preventive drugs

While more difficult to measure (as effects can be
both short- or long-term), the goal of using preventive
medications via this specific delivery route is to prevent
or reduce presentation of symptoms. A reduction in the
occurrence of symptoms, or a complete cessation of asso-
ciated symptoms, indicates a successful preventive treat-
ment regime.

Health care team roles

The health care team roles for successful treatment
include:

 All equipment used in the procedure should be main-
tained and used according to the manufacturers’ speci-
fications.

« All treatment options must be explained to the patient.

 The recipient should be monitored during delivery of
inhalation therapy.

« All events and observations for the procedure should be
recorded.

* The recipient must be educated in all aspects of his or
her condition, including the reasons for the use of spe-
cific treatments and drugs.
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Aging and the aged

Resources

BOOKS
Potter, Patricia, and Anne Perry. Fundamentals of Nursing.
Mosby, 2001.

“Primatene Mist.” In PDR Nonprescription Drug Reference.
Montvale, NJ: Medical Economics, 2001.

OTHER

“Bronchodilators, Adrenergic (Inhalation).” In United States
Pharmacopeia Dispensing Information. Rockville, MD:
Micromedex, 2000.
<http://my.webmd.com/content/asset/uspdi.202095>.

“Medication and Delivery System Options for Asthma and
Allergy Are Expanding.” Asthma and Allergy Foundation
of America. <http://www.aafa.org/asthmaandallergy
information/aboutasthmaandallergies/articlesofinterest/
Medication_Delivery.cfm>.

Dean Andrew Bielanowski, R.N., B.Nurs(QUT)

I Aging and the aged
Definition

Aging is the process of growing older, a process that
includes physical changes and, sometimes, mental
changes. “The aged” refers to elderly people, those who
have reached an advanced age.

Description

The concept of aging and the aged has changed, as
record numbers of people around the world are living
longer, a trend expected to continue throughout the twen-
ty-first century and beyond.

The word “elderly” used to refer to an older person,
generally someone age 65 or older. At the beginning of
the twentieth century, 65 was considered an advanced
age. The life expectancy for a baby born in 1900 was 51
years for a girl and 48 years for a boy. That year, approx-
imately one in 25 Americans was over 65.

By the 1930s, legislation set older adults apart from
the rest of American society. Social Security laws
declared that people had to retire from work by age 65.
The ruling affected about 7.5 million people during the
1930s.

At the end of the twentieth century, the older popu-
lation had increased 10 times since 1900. In 2000,
approximately 35 million people age 65 and older
accounted for 13% of America’s population, according to
Older Americans 2000: Key Indicators of Well-Being, a

2000 report from the Federal Interagency Forum on
Aging Related Statistics. According to the report, by
2030 70 million Americans will be 65 or older.

Since the late twentieth century, the age group grow-
ing fastest in many countries has been the “very old” or
the “oldest old.” Opinions vary about the age classifica-
tion for this group. The United States federal government
defines this group as people 85 and older. The United
Nations (U.N.) classifies people 80 and older in this
demographic group.

The oldest age group includes the rapidly increasing
number of centenarians, people age 100 or older. In the
United States, the number of centenarians is projected to
grow from about 60,000 in 2000 to some 2 million by the
middle of the twenty-first century.

The demographic revolution

Advances in areas such as health care, medicines
like antibiotics, and nutrition during the twentieth cen-
tury mean that more people are living longer. An
American baby born at the turn of the twenty-first centu-
ry is expected to live nearly 30 years longer than one born
a century earlier, according to Older Americans 2000.

The increase in life expectancy during the late twen-
tieth century is believed to be as high or higher than any
increase from recorded time until 1900. In many coun-
tries, one out of 10 people was 60 or older in 2000,
according to The Ageing of the World's Population, a
2000 report from the U.N. Division for Social Policy and
Development. The ratio of people over 60 was projected
to change to one out of five in 2050 and one out of three
in 2150, according to the report.

At the same time that more people are living longer,
people around the world are having fewer children. The
lower birth rate is attributed to the availability of family
planning methods. The combination of a growing older
population and a declining birth rate has produced a
demographic revolution that the U.N. predicts will con-
tinue into subsequent centuries.

These demographic trends affect what the U.N. calls
the “old-age dependency balance,” the relationship
between the number of people age 65 and older and the
number of working people age 15 to 64.

Traditionally in the United States, younger workers
have supported older people through wage deductions for
programs such as Social Security. During the first half of
the twenty-first century, the U.N. estimated that the old-
age dependency ratio will double in more developed
areas and triple in less developed areas.

With a smaller pool of workers, organizations
around the world are studying methods to ease the
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Commonly used instruments for geriatric patients

Answered by Score range (poor-good)

Instrument Administered by
Folstein mini mental state Interviewer
Katz activities of daily living Interviewer

Lawton instrumental activities of daily living
Tinetti balance & gait evaluation
Yesavage geriatric depression scale

Interviewer, self-administered
Interviewer, self-administered
Interviewer, self-administered

SOURCE: Abrams, W.B., et al., eds. Merck Manual of Geriatrics. 2nd ed. Whitehouse Station, NJ: Merck Research Laboratories, 1995.

Subject 0-30
Proxy 0-6

Proxy or subject 9-27
Subject 0-28
Subject 15-30

dependency burden. One method of accomplishing this is
to help older adults remain healthy and independent for
as long as possible. Not only does this benefit the aging
person, but health care costs are also reduced.

The demographic revolution has political, social,
and economic significance. Of primary concern is how to
provide health care for the growing number of older peo-
ple, especially those 85 and older. Generally, the oldest
old need more health services than younger people.

The aging process

It used to be thought that as people aged, their bod-
ies became “worn out” over time and then they died. As
the body deteriorates, a person may experience signs of
aging, resulting in the need for dentures or the presence
of a chronic disease. Although methods of prolonging
life are well-known, opinions vary about why people
age.

A range of factors is thought to contribute to aging,
either alone or in combination. For example, a healthy
person whose parents led long lives could expect to live
many years. The probability of a long life would be
increased if the population receives adequate health care,
and modifies unhealthy lifestyle behaviors.

FACTORS AFFECTING THE AGING PROCESS. Factors
that affect the aging process include:

e Heredity. A person whose parents and grandparents
lived to an advanced age could expect to live longer.
On the other hand, a person could inherit the suscepti-
bility to a disease that shortens life. In addition, stress
affects health, and the ability to cope with stress is also
believed to be inherited.

 Senescence. Theories about aging focus on the reason
cells stop dividing and age. Some scientists believe that
cells begin to age when a person is fully grown. Others
theorize that excess DNA accumulates and obstructs
cell activity. Another theory is based on the effect of
chemical compounds called free radicals on the system.
The compounds located in the body and the environ-

ment can accelerate conditions such as heart attacks
and diabetes.

Physiology. The collective functioning of the body’s
components affects how long a person lives.

Biology. Traditionally, women live longer than men.
Scientists believe this is due to the female sex
hormones.

Lifestyle. The choices a person makes when younger
can affect health later in life. A person who smoked cig-
arettes, took drugs, did not eat nutritionally, or failed to
get enough exercise or sleep may suffer poor health
years later. For example, smoking is attributed to
numerous conditions ranging from cancer to gum
diseases.

Psychological factors. Feelings of self-confidence are
linked to a longer life. Conversely, low self-esteem and
negative attitudes about being old may impair health.
This can lead to feelings of depression and loneliness.

PHYSICAL SIGNS OF AGING. How a person ages
varies, however, the aging process includes some gener-
al characteristics such as:

 Lowering of the basal metabolism (the rate of energy
production in the body cells). People may tire more eas-
ily and be more sensitive to changes in the weather.

Reduction of strength, endurance, and ability.

Change in eyesight. People who wear glasses may
experience presbyopia, a form of farsightedness.
Bifocals or reading glasses allow the person to read
print that appears too small. Other aging people who
never needed corrective lenses may need to wear eye-
glasses. Some older people may be diagnosed with eye
conditions such as glaucoma and cataracts.

Change in hearing. Generally, older people have more
difficulty hearing high tones but can hear low tones. A
hearing aid may be prescribed.

Dental changes. Gums may recede, and this can lead to
tooth decay. Lack of proper oral hygiene earlier in life
may result in the removal of all or some of the natural
teeth. Dentures may be required.
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Aging and the aged

Leading causes of death in persons 65 and older
Percentage of all deaths

Cause of death Number of deaths  in those > 65 years old
All causes 1,542,493 100.0
Heart disease 594,858 38.6
Malignant neoplasms,

including neoplasms

of lymphatic and

hematopoietic tissues 345,387 22.4
Cerebrovascular diseases 125,409 8.1
Chronic obstructive

pulmonary disease

and associated

conditions 72,755 4.7
Pneumonia and influenza 70,485 46
Diabetes mellitus 35,523 2.3
Accidents and adverse

effects 26,213 1.7

Motor vehicle accidents 7,210 0.5
All other accidents and

adverse effects 19,003 1.2
Nephritis, nephrotic

syndrome, and

nephrosis 17,306 1.1
Atherosclerosis 17,158 11
Septicemia 15,351 1.0
All other causes 222,048 14.4
SOURCE: National Center for Health Statistics, 1993.

Osteoporosis (a condition characterized by reduced
bone density and brittle bones). This condition, more
common in women, can lead to bone fractures.

Muscle strength and body tone may diminish.

Organ function may slow down.

As skin ages, cells hold less water, and there is less fat
tissue. Skin becomes dry and wrinkled.

Hair loses its pigment (color) and turns white or gray.

Sexual desire and ability may decrease. Drugs such as
Viagra allow men to perform, and products such as
lubricants can help women.

Reproduction. Aging men can still father children.
After menopause, women are usually unable to bear
children.

The senses of taste, touch, and smell may diminish
over time.

MENTAL SIGNS OF AGING. Generally, age has little
effect on the mind. While it is true that older people do
not learn as quickly, once something is learned, the infor-
mation is retained more accurately. However, the brain
like the body, must be exercised. That exercise can take
the form of learning something new. However, most
adults, not just the aging, may experience anxiety about
returning to classes. People who teach adults effectively

make their students feel welcome. They also realize that
adults remember more of what is relevant to them.

As people advance in age, they may experience mem-
ory loss. This is frequently treatable. In addition, a stimu-
lated mind is thought to help avoid the memory loss that
has been associated with aging. Emotional health can
affect physical health, with conditions such stress, loneli-
ness, and depression leading to illness in people of all ages.

DEMENTIA AND ALZHEIMER’S DISEASE. One-third or
more people age 85 and older have moderate or severe
memory impairment. Memory loss can be a symptom of
Alzheimer’s disease, a progressive condition that is not
reversible. Before more was known about Alzheimer’s,
the disease was thought to be a natural symptom of aging.
It is still not easy to diagnose and can be mistaken for
dementia. Although many of those diagnosed with
Alzheimer’s are older than 65, the disease also affects
people in their 40s and 50s. There was no known cure as
of the spring of 2001.

AGE-RELATED HEALTH CONDITIONS. Advanced age
doesn’t cause disease in itself, but the possibility that
some chronic conditions will develop increases as a per-
son ages. These conditions include arthritis and other
musculoskeletal disorders that could affect mobility.

However, the prevalence of arthritis and other chron-
ic diseases like hypertension, heart disease, cancer, dia-
betes, and stroke varies by ethnicity in the United States.
Furthermore, an ongoing healthy lifestyle can help pre-
vent illness and disease later in life. For an older adult,
that lifestyle should include exercise, a proper diet to
avoid malnutrition, and vaccinations such as flu shots.

Viewpoints

Retirement brings many changes to aging people.
After working throughout their lives, they may want to
relax and get into a routine of sitting and watching tele-
vision. They may experience a loss of identity after defin-
ing themselves by their work for so many years.

The aging lifestyle

After retirement, it is crucial to overall health for a
person to find hobbies, social activities, or interests that
challenge both mind and body. Most cities in the United
States have senior centers that offer lunch programs
where people can socialize. Center classes range from
line dancing to journal writing. In addition, volunteer
opportunities for older adults include serving with law
enforcement and as tutors. Many older people remain
socially active through contact with friends, family, and
neighbors. In addition, more older people are physically
active.
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Agism and activism

For centuries, cultures including the Native
Americans, Samoans, and Chinese honored the older
members of their societies. These people respected their
elders for their wisdom and experience. However, nega-
tive attitudes about the aged date back to ancient times.
The Greek philosopher Socrates cited his age as one rea-
son that he planned to commit suicide by taking hem-
lock. He was 70 years old.

Furthermore, some primitive societies regarded the
aged and ailing as burdens. In some situations, people
were murdered or given assistance in committing sui-
cide. Assisted suicide was the subject of much debate
during the late twentieth century and remains an issue in
the twenty-first century, with people divided about
whether or not a person has the right to choose to die.

Health issues are just one factor for those who view
older people as a burden to society. Negative stereotypes
about the aged include the view that they are useless
because they don’t work and therefore don’t contribute
to society. This prejudice against older people is known
as agism, sometimes spelled “ageism.” This negative
attitude can be traced in part to the fact that older people
are visual reminders of aging and death. In addition,
during the second half of the twentieth century, the
media celebrated youth as a valued commodity. The
appearance of an older person was seen as a rarity, as
when Renee Russo appeared in the 1999 movie, The
Thomas Crown Affair. Much was made of the fact that
she was in her 40s.

Older people took a stand during the 1970s. Maggie
Kuhn founded the Gray Panthers, a group that continues
to fight agism. The American Association of Retired
Persons campaigned and continues to advocate for older
people. Both groups champion older adults as vital peo-
ple with much to contribute to society.

The older population of the late twentieth century
now includes Baby Boomers. The first Boomers turned
50 in the late 90s, and this group is expected to vigor-
ously campaign for the rights of the aging and the aged.

Furthermore, with mandatory retirement abolished,
people in their 90s and 100s worked at jobs that they
enjoyed in 2000, according to the New York Times.
However, that same year, agism surfaced after the U.S.
presidential election. Disputed election results in Florida
led to jokes on TV and the Internet about the incompe-
tence of older voters.

National trends

While older people may share a chronological age,
they vary according to their ethnic heritage, economic

status, interests, and education. Some are healthy and
active; others are frail and not as active. According to
Older Americans 2000, the ethnic make-up of people age
65 and older in 2000 was 84% non-Hispanic white, 8%
non-Hispanic black, 6% Hispanic, 2% non-Hispanic
Asian and Pacific Islander, and less than 1% American
Indian and Alaska native. Population percentages are pre-
dicted to change by the year 2050 to 64% non-Hispanic
white, 16% Hispanic, 12% non-Hispanic black, 7% non-
Hispanic Asian and Pacific Islander, and less than 1%
American Indian and Alaska native.

The report indicated that older Americans in 2000
were better educated than older people in 1950. The high-
er education level “positively” influenced health and
socio-economic status.

People age 85 and older are the most likely to live in
nursing homes. About three-fourths of nursing home
residents are women, which reflects their predominance
in the population.

A NATIONAL MODEL. Government, the medical com-
munity, and numerous organizations are studying issues
associated with the ever-increasing aging population. An
overview of the issues facing the aging and the aged is
demonstrated by the scope of the activities of the U.S.
Department of Health and Human Services (HHS) in
2000. Programs and projects included research on the
aging process, aging and disease, Alzheimer’s, and the
relationship between the aging and society. Other HHS
activities included a seniors nutrition program, and serv-
ices and studies related to care at home and long-term
care facilities.

International trends

Globally, the average lifespan increased by 20 years
during the last half of the twentieth century, according to
the U.N. At the end of the century, a 60-year-old woman
living in a developed region could expect to live 22 years
longer. A man that age could expect to live 18 years
longer. In a less developed region, a woman who reaches
age 60 could expect to live 16 years longer, while a 60-
year-old man in that area could expect to live 14 years
longer.

A sampling of other international trends includes:

» People age 60 and older accounted for one in five
Europeans and one in 20 Africans in 2000. In develop-
ing countries, the growth of the aging population is
more rapid than in developed countries. Therefore,
developing countries have less time to adjust to the
expansion of their aging populations.

« In developing countries, older people continue to work.
In Zimbabwe, 82% of men and 70% of women age 60
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Aging and the aged

KEY TERMS

Chronic disease—A condition lasting a long time.
Cognitive—Able to know or perceive.

Geriatrics—The branch of medicine concerned
with the prevention, diagnosis, and treatment of
conditions in aging people and the aged.

Gerontology—The study of the aging process and
conditions associated with this process.

and older worked during the year 2000. Some non-
wage earners worked at home caring for children,
worked on farms, or did other household projects that
allowed other relatives to work for pay.

» More than 25% of people age 75 and older live in China
and India.

« In many Asian and African countries, more than half of
women age 60 and older are widowed. Only 10-20% of
men in that age group outlived their spouses.

* Women outlive men almost everywhere. At age 60,
there are 99 men for every 100 women. By age 90,
there are only 69 men for every 100 women.

A EUROPEAN MODEL. Concern about promoting
health and preventing illness led the European
Commission to start the Megapoles Project in 1997. Part
of the project involved looking at the elderly in the capi-
tal cities of Amsterdam, Athens, Brussels, Copenhagen,
Dublin, Helsinki, Lisbon, London, Madrid, Oslo,
Stockholm, and Vienna. The review, “Growing Old in
Metropolitan Areas” (GOMA), found three major issues
in those cities:

« Prevention of social isolation and loneliness. The goals
include promoting individual self-confidence that
would lead to a more positive perception by others.

« Early detection of dementia, Alzheimer’s disease, and
the implementation of a project to provide individual
competence. The project involves the elderly, their rel-
atives, and caregivers.

« Providing a safer environment that protects older peo-
ple from accidental falls, road traffic, and “firm vigi-
lance” towards violence directed at the elderly.

A 2001 report on GOMA included examples of suc-
cesses. Cities such as Vienna have day centers that offer
therapeutic and health promotion services. Stockholm
has a special bus with wheelchair ramps that transports
seniors to their destinations after morning rush hour.
Furthermore, programs in London reach out to older peo-

ple who may feel isolated for various reasons, for exam-
ple, a lack of language skills. Intergenerational projects
can serve three groups targeted by Megapoles Project: the
elderly, the disadvantaged, and youth and young families.
For example, one facility serves as a day center for the
elderly and a kindergarten. Young and old interacted and
socialized.

Another London project linked older people to social
services through their milkman. This was aimed at peo-
ple who didn’t leave their homes. Isolation can lead to
impaired mobility and cognitive skills, so the milkman
“casually” checks in daily and may encourage visits from
social service workers. This delivery person calls for help
if milk isn’t taken indoors.

Furthermore, senior centers in Madrid and Helsinki
provide information about topics such as health, nutri-
tion, exercise, and home safety.

IMPLICATIONS ACROSS BORDERS. The GOMA
report acknowledged that not all senior projects can be
exported to other cities. And for those living in the United
States, most programs are recognizable. Handicapped-
accessible public transportation is required by law.
National, state, and city agencies are concerned with the
elderly. Senior centers in many cities offer health pro-
grams, physical activities, and classes.

The GOMA report maintained that dialog through-
out the world about the aged and implementation of pro-
grams for this group are crucial. The goal of dialog and
programs is to help the aged feel secure, socially
integrated, and mentally healthy. Not only do these
dialogs and programs benefit the aging population, they
provide some relief to health providers and caregiving
institutions.

Professional implications

In 1965 the federal government created Medicare, a
health insurance program for people age 65 and older. In
1999, Medicare spending totaled $181 million for the 39
million older and disabled people enrolled in the pro-
gram.

The cost of health care for the aging population is
among the issues that will be debated throughout the
twenty-first century as the old-age dependency burden
shifts to fewer younger people. This could lead to further
discussion of health care rationing, i.e. whether the deci-
sion to provide some health care should be limited
because of a person’s advanced age. This issue was dis-
cussed in an article titled “Does Ageism Affect Health
Care Rationing?” (found on the Novartis Foundation web
site <www.healthandage.com>). The author cited an inci-
dent described in a 1998 issue of the medical journal, the
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Lancet. Both articles concerned an 88-year-old woman
who stopped breathing three minutes after admission to a
hospital emergency room. At issue was whether the
woman should be revived since the admitting physician
thought she would die anyway. The doctor revived the
woman, who was still doing well several years later.

The Novartis Foundation writer pointed out that
rationing wouldn’t have been an issue with a younger
patient. The writer maintained that age should not be an
issue when determining whether to provide health care.
The author warned that this issue is complex. In some
cases, a patient may face a lingering death.

Debate will continue about euthanasia, mercy
killing, and the right-to-die. Opponents of these proce-
dures fear that patients may be pressured to end their
lives. In some cases, this pressure may be based on rising
health care costs.

Such debates will affect some members of the med-
ical profession as they are faced with patients and fami-
lies needing guidance. In addition, the shift to an ever-
growing older population will affect health care in the
twenty-first century.

On a more positive note, strategies to delay illness
later in life benefit the elderly and help keep costs down.
For example, delaying the onset of Alzheimer’s disease
by five years would cut its incidence in half and result in
a saving of $50 billion annually in the United States.

This preventive treatment should focus on patients
of all ages. The healthcare team should emphasize to
patients that aging is an ongoing process, so that lifelong
preventive measures such as diet and exercise are the best
tools for long-term health.

Treating the older patient

For the older patient, the goal of treatment is to help
a patient remain physically, mentally, and socially active
for as long as possible. To achieve this goal:

« Patients above the age of 60 should have an annual
comprehensive health assessment.

« Vitamins and inoculations are important.

« Patients should be advised that calcium from sources
such as milk and dairy products is crucial for fighting
osteoporosis and keeping teeth and bones strong.

* Diet should maintain the recommended body weight,
so that a patient is not overweight or too thin. A low-fat
diet is recommended because aging results in a lessen-
ing of fat-digesting enzymes.

» Patients should be reminded that regular exercise pro-
duces benefits that include well-being, good circula-
tion, and good respiration. Exercise helps a person

maintain coordination and mobility. Even if a person is
in a wheelchair or bed, exercise will produce beneficial
results.

* Early treatment to help prevent or lessen a risk of con-
ditions such as cataracts or glaucoma.

The future

Since the aging population is growing and continues
to increase, all health care professionals and staffs should
receive geriatric training. The demographic trend also
creates a demand for people with expertise in gerontol-
ogy and geriatrics. Other career opportunities include
work in long-term care facilities, health education for the
aged, and home health care.

In addition, working with the aged prompts people in
the nursing and allied health fields to take a look at their
lives and those of their relatives. In doing so, they can
make adjustments so that they can attempt to live long
and healthy lives.
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I AIDS
Definition

Acquired immune deficiency syndrome (AIDS) is an
infectious disease caused by the human immunodeficien-
cy virus (HIV). AIDS is the advanced form of infection
caused by HIV and typically only manifests itself after a
long latency period after initial HIV infection. AIDS is a
fatal disease for which there is currently no cure.

Description

First recognized in the United States in 1981, AIDS
is considered one of the most devastating public health
problems in recent history. The Centers for Disease
Control and Prevention (CDC) has estimated that, as of
June 2000, between 800,000 and 900,000 people in the
United States were HIV-positive, and 312,000 were liv-
ing with AIDS. Of adult AIDS cases, 47-53% were
believed to have contracted HIV from same sex male
intercourse, 25-31% from intravenous drug use, and
10% from heterosexual contact. There are an estimated
40,000 new HIV infections each year in the U.S. The
Joint United Nations Program on HIV/AIDS estimates
that, worldwide during the year 2000, an estimated 3 mil-
lion people had died of AIDS, and 34.7 million adults

and 1.4 million children were living with HIV/AIDS.
Approximately 95% of persons with HIV/AIDS were liv-
ing in developing countries.

Risk factors

HIV/AIDS can be transmitted in several ways. The
various routes of transmission (and associated risk fac-
tors) include:

» Sexual contact. Persons at greatest risk are those who
do not practice safe sex (sex with a condom), those who
are not monogamous, those who engage in anal inter-
course, and those who have sex with a partner with
symptoms of advanced HIV infection and/or other sex-
ually transmitted diseases (STDs). In the United States
and Europe, most cases of sexually transmitted HIV
infection arise via same sex contact, whereas in Africa
the disease is spread primarily through heterosexual
intercourse.

Transmission in pregnancy. High-risk mothers include
women who use intravenous drugs, women who have
sex with bisexual men, women who are married to men
who have an abnormal blood condition called hemo-
philia (a condition requiring blood transfusions), and
women living in areas with a high rate of HIV infection
among heterosexuals. The chances of transmitting HIV
from mother to child are higher in women who are in
advanced stages of the disease. Breast feeding increas-
es the risk of transmission by 10%-20%, and vaginal
delivery doubles the risk of transmitting HIV to the
child. Zidovudine (AZT) given to the mother during
pregnancy and given to the baby soon after delivery
have been shown to decrease the risk of HIV transmis-
sion to the child.

Exposure to contaminated blood or blood products.
With the introduction of blood product screening in the
mid-1980s, the incidence of HIV transmission in blood
transfusions has dropped to 1 in 100,000. Among users
of intravenous drugs, risk increases with the duration of
injection use, the frequency of needle sharing, the num-
ber of persons who share a needle, and the number of
AIDS cases in the local population.

Exposure of health care professionals to infected blood.
Studies have shown that 0.32% of highly exposed
health care workers have become infected with HIV
through occupational exposure. Needle injuries are the
most common exposure route. Risk factors for con-
tracting HIV from a needle injury include a deep injec-
tion, a needle that has been used in an artery or vein,
blood visibly apparent on the needle prior to injury, and
blood from a patient with end-stage AIDS. There is evi-
dence that administration of zidovudine (AZT) to the
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injured worker soon after HIV exposure decreases risk
of infection.

HIV is not transmitted by handshakes, coughing,
sneezing, or other casual non-sexual contact. There is
currently no evidence that HIV can be transmitted
through bloodsucking insects such as mosquitoes.

AIDS in women

HIV remains an important cause of death and illness
in women. In the US, AIDS was the fifth leading cause
of death among women aged 25-44 in 1998. In 1999,
32% of new HIV diagnoses were in women. Although
HIV infected women have been observed to die earlier
than men, it is believed that this difference in survival
rates is caused by differences in access to care and
delayed treatment rather than biological differences in
disease progression.

AIDS in children

Since AIDS can be transmitted from an infected
mother to the child during pregnancy, during the birth
process, or through breast milk, all infants born to HIV-
positive mothers are a high-risk group. In 1999, 78% of
new HIV cases in women were in females of childbear-
ing age. Without prenatal intervention, between 20-40%
of children born to HIV-positive women will become
infected with the virus.

AIDS is one of the 10 leading causes of death in
children between one and four years of age. The interval
between exposure to HIV and the development of AIDS
is shorter in children than in adults. Infants infected with
HIV have a 20-30% chance of developing AIDS within a
year and dying before age three. In the remainder, AIDS
progresses more slowly; the average child patient sur-
vives to seven years of age. Some survive into early ado-
lescence.

Causes and symptoms

Because HIV destroys immune system cells, AIDS
is a disease that can affect any of the body’s major organ
systems. HIV attacks the body through three disease
processes: immunodeficiency, autoimmunity, and nerv-
ous system dysfunction.

Immunodeficiency describes the condition in which
the body’s immune response is damaged, weakened, or
is not functioning properly. In AIDS, immunodeficiency
results from the way that the virus binds to a protein
called CD4, which is found on the surface of certain sub-
types of white blood cells, including helper T cells,
macrophages, and monocytes. Once HIV attaches to an
immune system cell, it can replicate within the cell and

AIDS Virus

Virus Protein

Virus DNA

New

Virus 5
Particle © =

Cell DNA

The AIDS virus. (National Institutes of Health. Reproduced by
permission.)

kill the cell in ways that are still not completely under-
stood. In addition to killing some lymphocytes directly,
the AIDS virus disrupts the functioning of the remaining
CD4 cells. Because the immune system cells are
destroyed, many different types of infections and cancers
that take advantage of a person’s weakened immune sys-
tem (opportunistic) can develop.

Autoimmunity is a condition in which the body’s
immune system produces antibodies that work against its
own cells. Antibodies are specific proteins produced in
response to exposure to a specific, usually foreign, pro-
tein or particle called an antigen. In this case, the body
produces antibodies that bind to blood platelets that are
necessary for proper blood clotting and tissue repair.
Once bound, the antibodies mark the platelets for
removal from the body, and they are filtered out by the
spleen. Some AIDS patients develop a disorder, called
immune-related thrombocytopenia purpura (ITP), in
which the number of blood platelets drops to abnormally
low levels.

HIV also infects some susceptible cells in the cen-
tral nervous system. The exact mechanism of HIV entry
into the brain is unknown. Possible modes of entry
across the blood-brain barrier include HIV entry as a sin-
gle cell-free viral particle (virion), entry via infected
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monocyte or lymphocyte, and infection of endothelial
cells (cells forming brain border). Regardless of the
mechanism, evidence suggests that the cerebral spinal
fluid is seeded with HIV very early in the infection
process.

Although not all patients will follow them precisely,
the course of AIDS generally progresses through the
three stages (acute retroviral syndrome, latency period,
and late-stage AIDS) that follow.

Acute retroviral syndrome

Acute retroviral syndrome is a term used to describe
a group of symptoms that can resemble mononucleosis
and that may be the first sign of HIV infection in 50-70%
of all patients and 45-90% of women. The symptoms
may include fever, fatigue, muscle aches, loss of
appetite, digestive disturbances, weight loss, skin rashes,
headache, and chronically swollen lymph nodes (lym-
phadenopathy). Approximately 25-33% of patients will
experience a form of meningitis during this phase in
which the membranes that cover the brain and spinal
cord become inflamed. Acute retroviral syndrome devel-
ops between one and six weeks after infection and lasts
for two to three weeks. Blood tests during this period will
indicate the presence of virus (viremia) and the appear-
ance of the viral p24 antigen in the blood.

Latency period

After the HIV virus enters a patient’s lymph nodes
during the acute retroviral syndrome stage, the disease
becomes latent for as many as 10 years or more before
symptoms of advanced disease develop. During latency,
the virus continues to replicate in the lymph nodes, where
it may cause one or more of the following conditions.

PERSISTENT GENERALIZED LYMPHADENOPATHY
(PGL). Persistent generalized lymphadenopathy, or PGL,
is a condition in which HIV continues to produce chron-
ic painless swellings in the lymph nodes during the laten-
cy period. The lymph nodes that are most frequently
affected by PGL are those in the areas of the neck, jaw,
groin, and armpits. PGL affects between 50-70% of
patients during latency.

CONSTITUTIONAL SYMPTOMS. Many patients will
develop low-grade fevers, chronic fatigue, and general
weakness. HIV may also cause a combination of food
malabsorption, loss of appetite, and increased metabo-
lism that contribute to the so-called AIDS wasting or
wasting syndrome.

OTHER ORGAN SYSTEMS. At any time during the
course of HIV infection, patients may suffer from a yeast
infection in the mouth called thrush, open sores or ulcers,

or other infections of the mouth; diarrhea and other gas-
trointestinal symptoms that cause malnutrition and
weight loss; diseases of the lungs and kidneys; and
degeneration of the nerve fibers in the arms and legs.
HIV infection of the nervous system leads to general loss
of strength, loss of reflexes, and feelings of numbness or
burning sensations in the feet or lower legs.

Late-stage AIDS

Late-stage AIDS is usually marked by a sharp
decline in the number of CD4+ lymphocytes, followed by
a rise in the frequency of opportunistic infections and
cancers. Doctors monitor the number and proportion of
CD4+ lymphocytes in the patient’s blood in order to
assess the progression of the disease and the effectiveness
of different medications. About 10% of infected individ-
uals never progress to this overt stage of the disease.

OPPORTUNISTIC INFECTIONS. Once the patient’s
CD4+ lymphocyte count falls below 200 cells/mm?3, the
patient is at risk for a variety of opportunistic infections.
The infectious organisms may include the following:

e Fungi. The most common fungal disease associated
with AIDS is Pneumocystis carinii pneumonia (PCP).
About 70%-80% of AIDS patients will have at least one
episode of PCP prior to death. PCP is the immediate
cause of death in 15-20% of AIDS patients. It is an
important measure of a patient’s prognosis. Other fun-
gal infections include a yeast infection of the mouth
(candidiasis or thrush) and cryptococcal meningitis.

Protozoa. Toxoplasmosis is a common opportunistic
infection in AIDS patients that is caused by a proto-
zoan. Other diseases in this category include amebiasis
and cryptosporidiosis.

Mycobacteria. AIDS patients may develop tuberculo-
sis or MAC infections. MAC infections are caused by
Mycobacterium avium-intracellulare, and occur in
about 40% of AIDS patients.

Bacteria. AIDS patients are likely to develop bacterial
infections of the skin and digestive tract.

Viruses. AIDS patients are highly vulnerable to
cytomegalovirus (CMV), herpes simplex virus (HSV),
varicella zoster virus (VZV), and Epstein-Barr virus
(EBV) infections. Another virus, JC virus, causes pro-
gressive destruction of brain tissue in the brain stem,
cerebrum, and cerebellum (multifocal leukoen-
cephalopathy or PML), which is regarded as an AIDS-
defining illness by the Centers for Disease Control and
Prevention.

AIDS DEMENTIA COMPLEX AND NEUROLOGIC COM-
PLICATIONS. AIDS dementia complex is a late compli-
cation of the disease. It is unclear whether it is caused by
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the direct effects of the virus on the brain or by interme-
diate causes. AIDS dementia complex is marked by loss
of reasoning ability, loss of memory, inability to con-
centrate, apathy and loss of initiative, and unsteadiness
or weakness in walking. Some patients also develop
seizures. There are no specific treatments for AIDS
dementia complex.

MUSCULOSKELETAL COMPLICATIONS. Patients in
late-stage AIDS may develop inflammations of the mus-
cles, particularly in the hip area, and may have arthritis-
like pains in the joints.

ORAL SYMPTOMS. In addition to thrush and painful
ulcers in the mouth, patients may develop a condition
called hairy leukoplakia of the tongue. This condition is
also regarded by the CDC as an indicator of AIDS. Hairy
leukoplakia is a white area of diseased tissue on the
tongue that may be flat or slightly raised. It is caused by
the Epstein-Barr virus.

AIDS-RELATED CANCERS. Patients with late-stage
AIDS may develop Kaposi’s sarcoma (KS), a skin tumor
that primarily affects homosexual men. KS is the most
common AIDS-related malignancy. It is characterized by
reddish-purple blotches or patches (brownish in persons
with darker skin) on the skin or in the mouth. About 40%
of patients with KS develop symptoms in the digestive
tract or lungs. KS may be caused by a herpes virus-like
sexually transmitted disease agent rather than HIV.

The second most common form of cancer in AIDS
patients is a tumor of the lymphatic system (lym-
phoma). AIDS-related lymphomas often affect the cen-
tral nervous system and develop very aggressively.

Invasive cancer of the cervix is an important diag-
nostic marker of AIDS in women.

Diagnosis

Because HIV infection produces such a wide range
of symptoms, the CDC has drawn up a list of 34 condi-
tions regarded as defining AIDS. The physician will use
the CDC list to decide whether the patient falls into one
of these three groups:

« definitive diagnoses with or without laboratory evi-
dence of HIV infection

« definitive diagnoses with laboratory evidence of HIV
infection

« presumptive diagnoses with laboratory evidence of
HIV infection
Physical findings

Almost all the symptoms of AIDS can occur with
other diseases. The general physical examination may

range from normal findings to symptoms that are closely
associated with AIDS. These symptoms are hairy leuko-
plakia of the tongue and Kaposi’s sarcoma. When the
doctor examines the patient, he or she will look for the
overall pattern of symptoms rather than any one finding.

Laboratory tests for HIV infection

BLOOD TESTS (SEROLOGY). The first blood test for
AIDS was developed in 1985. At present, patients who
are being tested for HIV infection are usually given an
enzyme-linked immunosorbent assay (ELISA) test for
the presence of HIV antibody in their blood. Positive
ELISA results are then tested with a Western blot or
immunofluorescence (IFA) assay for confirmation. The
combination of the ELISA and Western blot tests is more
than 99.9% accurate in detecting HIV infection within
four to eight weeks following exposure. Indeterminate
test results are possible (positive ELISA but non-confir-
matory Western blot result) if the tests are given within
the window period after infection (up to eight weeks after
infection, but may be longer). In these indeterminate
cases, the ELISA and Western blot should be repeated
every three months until a definitive result is made. The
patient should be considered HIV positive until proven
otherwise. The polymerase chain reaction (PCR) test can
be used to detect the presence of viral nucleic acids in the
very small number of HIV patients who have false-nega-
tive results on the ELISA and Western blot tests.

OTHER LABORATORY TESTS. In addition to diagnostic
blood tests, other blood tests are used to track the course
of AIDS in patients that have already been diagnosed,
including blood counts, viral load tests, p24 antigen
assays, and measurements of [3,-microglobulin ($,M).

Doctors will use a wide variety of tests to diagnose
the presence of opportunistic infections, cancers, or other
disease conditions in AIDS patients. Tissue biopsies,
samples of cerebrospinal fluid, and sophisticated imaging
techniques, such as magnetic resonance imaging
(MRI) and computed tomography scans (CT) are used to
diagnose AIDS-related cancers, some opportunistic
infections, damage to the central nervous system, and
wasting of the muscles. Urine and stool samples are used
to diagnose infections caused by parasites. AIDS patients
are also given blood tests for syphilis and other sexually
transmitted diseases.

Diagnosis in children

Diagnostic blood testing in children older than 18
months is similar to adult testing, with ELISA screening
confirmed by Western blot. Younger infants can be diag-
nosed by direct culture of the HIV virus, PCR testing,
and p24 antigen testing.
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KEY TERMS

Acute retroviral syndrome—A group of symptoms
resembling mononucleosis that often are the first
sign of HIV infection in 50-70% of all patients and
45-90% of women.

AIDS dementia complex—A type of brain dysfunc-
tion caused by HIV infection that causes diffi-
culty thinking, confusion, and loss of muscular
coordination.

Antibody—A specific protein produced by the
immune system in response to a specific foreign
protein or particle called an antigen.

Antigen—Any substance that stimulates the body to
produce antibody.

Autoimmunity—A condition in which the body’s
immune system produces antibodies in response to
its own tissues or blood components instead of for-
eign particles or microorganisms.

CD4—A type of protein molecule in human blood,
sometimes called the T4 antigen, that is present on
the surface of 65% of immune cells. The HIV virus
infects cells that have CD4 surface proteins, and as
a result, depletes the number of T cells, B cells, nat-
ural killer cells, and monocytes in the patient’s
blood. Most of the damage to an AIDS patient’s
immune system is done by the virus’ destruction of
CD4+ lymphocytes.

Hairy leukoplakia of the tongue—A white area of
diseased tissue on the tongue that may be flat or
slightly raised. It is caused by the Epstein-Barr virus
and is an important diagnostic sign of AIDS.

In terms of symptoms, children are less likely than
adults to have an early acute syndrome. They are, howev-
er, likely to have delayed growth, a history of frequent ill-
ness, recurrent ear infections, a low blood cell count, fail-
ure to gain weight, and unexplained fevers. Children with
AIDS are more likely to develop bacterial infections,
inflammation of the lungs, and AIDS-related brain disor-
ders than are HIV-positive adults.

Treatment

Because AIDS is a fatal disease, AIDS therapies
focus on improving the quality and length of life for
AIDS patients by slowing or halting the replication of the
virus, and treating or preventing infections and cancers

Hemophilia—Any of several hereditary blood
coagulation disorders occurring almost exclusively
in males. Because blood does not clot properly,
even minor injuries can cause significant blood loss
that may require a blood transfusion, with its asso-
ciated minor risk of infection.

Human immunodeficiency virus (HIV)—A transmis-
sible retrovirus that causes AIDS in humans. Two
forms of HIV are now recognized: HIV-1, which caus-
es most cases of AIDS in Europe, North and South
America, and most parts of Africa; and HIV-2, which
is chiefly found in West African patients. HIV-2, dis-
covered in 1986, appears to be less virulent than HIV-
1 and may also have a longer latency period.

Immunodeficient—A condition in which the
body’s immune response is damaged, weakened,
or is not functioning properly.

Kaposi’s sarcoma—A cancer of the connective tis-
sue that produces painless purplish red (in people
with light skin) or brown (in people with dark skin)
blotches on the skin. It is a major diagnostic mark-
er of AIDS

Latent period—Also called incubation period, the
time between infection with a disease-causing
agent and the development of disease.

Lymphocyte—A type of white blood cell that is
important in the formation of antibodies and that
can be used to monitor the health of AIDS patients.

that take advantage of a person’s weakened immune sys-
tem. No vaccine is effective in preventing HIV infection.

Treatment for AIDS covers four considerations:

TREATMENT OF OPPORTUNISTIC INFECTIONS AND
MALIGNANCIES. Most AIDS patients require complex
long-term treatment with medications for infectious dis-
eases. This treatment is often complicated by the devel-
opment of resistance in the disease organisms. AIDS-
related malignancies in the central nervous system are
usually treated with radiation therapy. Cancers elsewhere
in the body are treated with chemotherapy.

PROPHYLACTIC TREATMENT FOR OPPORTUNISTIC
INFECTIONS. Prophylactic treatment is treatment that is
given to prevent disease. AIDS patients with a history of
Pneumocystis pneumonia; with CD4+ counts below 200
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Lymphoma—A cancerous tumor in the lymphatic
system that is associated with a poor prognosis in
AIDS patients.

Macrophage—A large white blood cell, found pri-
marily in the bloodstream and connective tissue,
that helps the body fight off infections by ingesting
the disease-causing organism. HIV can infect and
kill macrophages.

Monocyte—A large white blood cell that is formed
in the bone marrow and spleen. About 4% of the
white blood cells in normal adults are monocytes.
Mycobacterium avium (MAC) infection—A type of
opportunistic infection that occurs in about 40% of
AIDS patients and is regarded as an AIDS-defining
disease.

Non-nucleoside reverse transcriptase inhibitors—
A newer class of anti-retroviral drugs that work by
inhibiting the reverse transcriptase enzyme neces-
sary for HIV replication.

Nucleoside analogue reverse transcriptase
inhibitors—The first group of effective anti-retrovi-
ral medications. They work by interfering with HIV
synthesis of its viral DNA.

Opportunistic infection—An infection by organ-
isms that usually do not cause infection in people
with healthy functioning immune systems.

Persistent generalized lymphadenopathy (PGL)—A
condition in which HIV continues to produce
chronic painless swellings in the lymph nodes dur-
ing the latency period.

cells/mm3 or 14% of lymphocytes; weight loss; or thrush
should be given prophylactic medications. The three
drugs given are trimethoprim-sulfamethoxazole, dap-
sone, or pentamidine in aerosol form.

ANTI-RETROVIRAL TREATMENT. In recent years
researchers have developed drugs that suppress HIV
replication, as distinct from treating its effects on the
body. These drugs fall into three classes:

» Nucleoside reverse transcriptase inhibitors (NRTIs).
These drugs work by looking very similar to the mole-
cules acted upon by the HIV enzyme reverse transcrip-
tase. Reverse transcriptase binds to these drugs, which
in turn stop the viral replication process. These drugs
include zidovudine, didanosine (ddi), zalcitabine (ddC),

Pneumocystis carinii pneumonia (PCP)—An oppor-
tunistic infection caused by a fungus that is a major
cause of death in patients with late-stage AIDS.

Progressive multifocal leukoencephalopathy
(PML)—A disease caused by a virus that destroys
white matter in localized areas of the brain. It is
regarded as an AIDS-defining illness.

Protease inhibitors—A new class of anti-retroviral
drugs used to treat AIDS that works by preventing
the HIV protease enzyme from generating new
functioning HIV viruses.

Protozoan—A single-celled, usually microscopic
organism that is eukaryotic and, therefore, different
from bacteria (prokaryotic).

Retrovirus—A virus that contains a unique enzyme
called reverse transcriptase that allows it to repli-
cate within new host cells.

T cells—Lymphocytes that originate in the thymus
gland. T cells regulate the immune system'’s
response to infections, including HIV. CD4 lym-
phocytes are a subset of T lymphocytes.

Thrush—A yeast infection of the mouth character-
ized by white patches on the inside of the mouth
and cheeks.

Viremia—The measurable presence of virus in the
bloodstream that is a characteristic of acute retrovi-
ral syndrome.

Wasting syndrome—A progressive loss of weight
and muscle tissue caused by the AIDS virus.

stavudine (d4T), lamivudine (3TC), and abacavir
(ABC).

» Non-nucleoside reverse transcriptase inhibitors
(NNRTIs). These drugs de-activate the HIV enzyme
reverse transcriptase. This class of drugs includes nevi-
rapine (NVP), delavirdine (DLV), and efavirenz (EFV).

Protease inhibitors. A new class of drugs, protease
inhibitors are effective against HIV strains that have
developed resistance to nucleoside analogues and are
used in combination with them. These compounds
include saquinavir (SQV), ritonavir (RJV), indinavir
(IDV), nelfinavir (NFV), and amprenavir (APV).

New combinations of therapies are also being devel-
oped, primarily to improve adherence. Trizivir for the
treatment of HIV in adults and adolescents is a fixed-
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Risk of acquiring HIV infection by entry site
Risk
virus reaches Risk

Entry site entry site virus enters Risk inoculated
Conjuntiva Moderate Moderate Very low
Oral mucosa Moderate Moderate Low
Nasal mucosa Low Low Very low
Lower respiratory Very low Very low Very low
Anus Very high Very high Very high
Skin, intact Very low Very low Very low
Skin, broken Low High High
Sexual:

Vagina Low Low Medium

Penis High Low Low

Ulcers (STD) High High Very high
Blood:

Products High High High

Shared needles High High Very high

Accidental needle Low High Low
Traumatic wound Modest High High
Perinatal High High High
SOURCE: Hopp, J.W. and E.A. Rogers. AIDS and the Allied
Health Professions. Philadelphia: F.A. Davis Co., 1989.

dose combination of abacavir, zidovudine, and lamivu-
dine. Another combination therapy, Combivir, combines
lamivudine and zidovudine. Both Trizivir and Combivir
are combinations of NRTTs that combine drugs into a sin-
gle dosage, making it easier for patients to comply with
their dosage regimens.

Treatment guidelines for these agents are continual-
ly being modified as new medications are developed and
introduced. Guidelines for when to start anti-retroviral
therapy have been published separately by the
International AIDS Society—United States and U.S.
Department of Health and Human Services. These guide-
lines are very similar and base their recommendations
on a patient’s CD4 counts, viral load, and clinical
symptoms.

In terms of specific treatment approaches, the
January 2000 guidelines from the U.S. Department of
Health and Human Services suggest two strategies for
initial treatment, both of which use combinations of
drugs: two nucleosides and a protease inhibitor, or two
nucleosides and a non-nucleoside drug. Over time, treat-
ment changes may be required; factors that must be con-
sidered when changing treatment regimens include drug
toxicity, clinical symptoms, viral load, CD4 counts,
adherence to current and future medications, and other
viable treatment options.

STIMULATION OF BLOOD CELL PRODUCTION.
Because many patients with AIDS suffer from abnormal-
ly low levels of both red and white blood cells, they may
be given medications to stimulate blood cell production.

Epoetin alfa (erythropoietin) may be given to anemic
patients. Patients with low white blood cell counts may
be given filgrastim or sargramostim.

Treatment in women

Treatment of pregnant women with HIV is particu-
larly important because anti-retroviral therapy has been
shown to reduce transmission to the infant by 65%.

Prognosis

No cure for AIDS has been discovered. Treatment
stresses aggressive combination drug therapy for those
patients with access to the expensive medications and
who tolerate them adequately. The use of these multi-drug
therapies, called highly active antiretroviral therapies or
HAART, has significantly reduced the numbers of deaths
in the United states resulting from AIDS. The data is still
inconclusive, but the potential exists to prolong life indef-
initely using these and other drug therapies to boost the
immune system, keep the virus from replicating, and
ward off opportunistic infections and malignancies.

Prognosis after the latency period depends on the
patient’s specific symptoms and the organ systems
affected by the disease. Patients with AIDS-related lym-
phomas of the central nervous system die within two to
three months of diagnosis; those with systemic lym-
phomas may survive for eight to ten months.

Health care team roles

The physician oversees the treatment strategy and
patient evaluation for patients who are HIV-positive
and/or have AIDS. Adherence to treatment is a critical
aspect of clinical care in AIDS, and nurses play a key role
in educating patients and providing them with adherence
tools. Nurses, social workers, and psychologists can also
be trained as HIV counselors to advise patients about
HIV testing and, if necessary, to assist and guide patients
in adjusting to a life with HIV. During end-stage AIDS,
nurses, social workers, and other hospice workers ensure
that patients do not experience unnecessary pain and dis-
comfort.

Prevention

As of 2000, there is no vaccine effective against
HIV/AIDS. Several vaccines are being investigated,
however, both to prevent initial HIV infection and as a
therapeutic treatment to prevent HIV from progressing to
full-blown AIDS.
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Several types of prevention programs have been
found to be effective in reducing sexual transmission of
HIV. These include:

« targeted education for at-risk groups, emphasizing pre-
ventive practices such as condom use, monogamy, and
HIV testing prior to beginning a sexual relationship

« counseling with or without testing for HIV and other
sexually transmitted diseases

« education programs in institutions such as the military,
prisons, and the workplace

e greater access to condoms

Preventive measures for other modes of transmis-
sion include:

» Making clean needles more available and discouraging
intravenous drug users from sharing needles.

Encouraging health care professionals to take all nec-
essary precautions by wearing gloves and masks when
handling body fluids.

Encouraging health care institutions to provide safer
medical devices such as self-sheathing needles and
retracting and/or needleless intravenous systems.

Informing individuals who are planning to undergo
major surgery that they can donate blood in advance to
prevent a risk of infection from a blood transfusion.
(However, blood and blood products are carefully mon-
itored.)

Encouraging testing for HIV infection if there has been
suspected exposure to HIV. If HIV infection is con-
firmed, sexual partners should be informed and, if nec-
essary, receive medical attention.
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I AIDS counseling
Definition

AIDS counseling is a specialized branch of counsel-
ing or social work that deals with the prevention of the
disease and the treatment of clients who have been diag-
nosed with human immunodeficiency virus (HIV) or
acquired immunodefiency syndrome (AIDS).
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AIDS counseling

KEY TERMS

AIDS—Acquired immunodeficiency syndrome,
caused by infection with HIV.

BSW—Baccalaureate degree in social work.

HIV—Human immunodeficiency virus, a
pathogen that gradually destroys the immune sys-
tem and eventually causes death.

Lay person—Person who performs a job effective-
ly with little or no special training.

Long-term care—A facility that provides nursing
and basic needs care when a client is no longer
able to receive that care at home.

MSW-—Master’s degree in social work.

Needs assessment—Interview conducted by a
counselor with client and family, to review charts
and interview other health workers to determine
what specific services are required by client.

Description

The AIDS epidemic created a specialized niche for
the treatment of the disease. Counselors and social work-
ers who work in this particular field help clients who are
directly affected by HIV and AIDS meet their personal,
medical, financial and emotional needs. They also edu-
cate both patients and the public about the disease.

AIDS counselors teach the general public about the
causes and risk factors of AIDS, and the steps necessary
to prevent HIV infection. Education is also required for
the people who have already been infected with HIV.
AIDS counselors teach their clients how to prevent the
spread of the disease via safe sexual practices, responsi-
ble prenatal care, and treatment for drug addiction.

Education about the disease, although very impor-
tant, is only a small part of AIDS counseling. Because
AIDS affects a wide spectrum of the population, coun-
seling needs are as varied as those of the clients. AIDS
counseling may cover substance abuse, mental health
problems, preparation for death, medication and treat-
ment approaches, financial needs, prenatal care, child
care, family dynamics, and homelessness. Some of these
needs require licensed professionals such as physicians,
pharmacists, and psychologists to help the client; others
simply require a caring lay person to help the client find
the right services.

Social workers are highly involved in AIDS counsel-
ing because of the nature of their profession. Social

workers act as advocates for patient’s rights, arrange for
community support, make arrangements for patients to
go to long-term care facilities, find funds to pay for hous-
ing and medication, link the patients to social service and
community outreach programs, arrange and lead support
groups, plan for home care, and counsel the patients and
their families.

Work settings

AIDS counselors work in a variety of locations,
including hospitals, community outreach clinics, public
health clinics, hospices, or mental health and substance
abuse facilities.

AIDS counselors work varying hours, depending
upon the requirements of the facility in which they work.
Often the hours are 8 A.M. to 5 P.M., Monday through
Friday, but counselors or social workers may be required
to work evenings or weekends, and may be on call for
hospices and hospitals.

Education and training

Professional counselors are required to have at least
a master’s degree in counseling, although education,
training, and licensing requirements vary from state to
state. Psychologists must have a master’s degree or a
Ph.D in psychology. Professional counselors are required
to have 900 hours of field work or an internship.

The minimum educational requirement for social
workers is a bachelor’s degree in social work (BSW).
However, people who hold a undergraduate degrees in
another discipline such as psychology or sociology may
also qualify for entrance-level jobs in AIDS counseling.

BSW programs prepare students for direct care of
clients. Students who major in social work must complete
400 hours of supervised field work in addition to courses
in social work practice, social work policies, human
behavior and social environment, research methods,
social work values and ethics, study of populations at
risk, and the promotion of social justice.

An advanced degree is the standard for many posi-
tions in social work including positions within the field
of health care. A master’s degree in social (MSW) allows
the social worker to be certified for clinical and supervi-
sory work.

Advanced education and training

The National Association of Social Workers requires
social workers to complete 90 hours of continuing edu-
cation classes every three years to continue their certifi-
cation in the profession. Licensed professionals with
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advanced degrees may be required to complete more
than 90 hours of continuing-education classes.

Future outlook

AIDS counseling is a growing profession. The
national Bureau of Labor Statistics predicts that growth
will continue at a rate exceeding that for other occupa-
tions until at least 2008. There are several reasons why
AIDS counseling continues to grow:

« increased awareness of AIDS and increased funding for
prevention and treatment

 advanced medical treatment of AIDS patients
« longer life expectancy of patients

 growth of home health care and agencies now serving
AIDS patients

« replacement of workers seeking career change

« stress and burnout among counselors and social work-
ers, causing them to leave profession

« increase in population of people living with AIDS

Resources
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Peggy Elaine Browning

I AIDS tests
Definition

AIDS tests, short for acquired immunodeficiency
syndrome tests, cover a number of different procedures
used in the diagnosis and treatment of HIV-infected
patients. Tests that measure antibodies to the human
immunodeficiency virus (HIV) are called AIDS serology
tests. Serology is the branch of immunology that deals

with the identification and measurement of antibodies in
serum which indicate the presence of disease or immuni-
ty to disease. Serum is the normally clear light yellow
noncellular portion of blood that forms after the sample
is allowed to clot. Some AIDS tests measure HIV anti-
gens or nucleic acid rather than antibodies produced in
response to HIV infection. AIDS tests evaluate the pres-
ence of HIV in blood serum, and the effects of HIV infec-
tion on the patient’s immune system.

Purpose

AIDS serology tests have several uses. Some AIDS
tests are used to diagnose patients or confirm a diagnosis;
others are used to measure the progression of the disease
or the effectiveness of specific treatment regimens. Some
AIDS tests can also be used to screen blood donations for
safe use in transfusions.

In order to understand the different purposes of the
blood tests used for AIDS patients, it is helpful to under-
stand how HIV infection affects the immune system. HIV
is a retrovirus that enters the blood stream of a new host
in the following ways:

« sexual contact, including oral and anal intercourse

« entry of HIV infected body fluids (such as blood or
urine) through a cut or break in the skin

* transmission during pregnancy

« using or being pricked by a needle that had previously
been used by or on an infected person

« transfusion of infected blood products

A retrovirus is a virus that contains two identical
strands of RNA and a unique enzyme called reverse tran-
scriptase that converts the viral RNA to DNA within the
host cell. Another viral enzyme called integrase inserts
this proviral DNA into the host cell genome. Other viral
proteins control the process of transcription which forms
RNA copies of the inserted DNA, production of structur-
al viral proteins, assembly of immature virus particles,
maturation, and release (budding) from the host cell. The
entire process takes 12-24 hours.

The primary host cell for HIV is the T helper cell.
The HIV envelope contains a glycoprotein called gp120,
which binds to a surface molecule on the T helper cell
called CD4. Other types of lymphocytes which lack the
CD4 molecule are not infected. In addition to T helper
cells, HIV can infect phagocytic cells (macrophages,
monocytes, and dendritic cells) which serve as reservoirs
and spread the virus throughout the body. The virus can
also infect certain tissue cells such as neurons, which in
part accounts for some of the underlying pathology of
HIV disease.
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HIV disease begins as a flu-like illness two to six
weeks after infection which subsides without treatment.
Antibodies to the viral envelope appear eight to 12 weeks
after infection. Most patients enter a phase of clinical
latency, which on average lasts eight to 10 years. This is
followed by gradual loss of CD4 positive lymphocytes
(T helper cells). T helper cells produce a substance called
interleukin-2 (IL-2), which stimulates other cells (T cells
and B cells) in the human immune system to respond to
infections. Without the IL-2, the immune response col-
lapses and patients become susceptible to a wide range of
infections. Depletion of T helper cells signals the onset of
opportunistic infections, malignancy, dementia, and a
constellation of other diseases associated with AIDS.

There are no medical restrictions on administering
AIDS tests. Most tests are performed on blood, but a
screening test using urine is available. Health care pro-
fessionals should always follow standard precautions
recommended by the Centers for Disease Control (CDC)
to reduce the possibility of accidental needlestick injury
or exposure to the patient’s blood and body fluids. This
includes wearing latex gloves, washing hands before and
following venipuncture, and using disposable needles
and safety devices.

Description
Diagnostic tests

Diagnostic blood tests for AIDS are usually given to
persons in high-risk populations, pregnant females,
health care and public service workers who have been
exposed to HIV, or those who have symptoms associated
with AIDS. The condition of testing positive for HIV
antibody in the blood is called seroconversion, and per-
sons who are HIV-positive are called seroconverters.

AIDS tests used to diagnose infection fall into two
categories, screening tests and confirmatory tests. It is
possible to diagnose HIV infection by isolating the virus
from the blood. However, viral culture is expensive, not
widely available, and time consuming. Screening tests
detect the presence of antibodies to several HIV antigens.
These tests are inexpensive, widely available, and accu-
rate in detecting 99.9% of HIV infections. However,
approximately 0.2% of persons without HIV infection
will test positive. In order to eliminate these false posi-
tives, persons should be tested in duplicate and positive
results followed by a confirmatory test.

ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA).
This test is the most commonly used method to screen
blood for transfusions as well as to diagnose patients. An
ELISA test for HIV works by attaching two or more HIV
antigens to a plastic well or beads. A sample of the

patient’s blood serum is added and incubated. If antibod-
ies to HIV antigens are present, they will bind to the tube,
or bead. After washing to remove excess proteins, an
anti-human immunoglobulin conjugated to an enzyme is
added. After incubation, excess antibody is washed away
and a chemical called a substrate is added. The enzyme
reacts with the substrate to form a colored product that
indicates a positive test.

The latest generation of ELISA tests are 99.5% sen-
sitive to HIV. Occasionally, the ELISA test will be posi-
tive for a patient without symptoms of AIDS from a low-
risk group. Because this result is likely to be a false
positive, the ELISA must be repeated on the same sample
of the patient’s blood. If the second ELISA is positive, the
result should be confirmed by the Western blot or other
confirmatory test.

WESTERN BLOT (IMMUNOBLOT). The Western blot
or immunoblot test is used as a reference procedure to
confirm the diagnosis of HIV infection. In Western blot
testing, HIV antigens of different size are purified from
HIV cultures and separated from each other by the
process of electrophoresis. (In electrophoresis, protein
molecules are suspended in a gel and separated by apply-
ing an electric current through the gel.) The HIV antigens
are transferred to a nylon membrane or nitrocellulose fil-
ter. The patient’s serum is added to this, and if antibodies
are present they will bind to the corresponding viral anti-
gens. The membrane is washed and anti-human
immunoglobulin conjugated to an enzyme is added. After
washing again, the color-developing substrate is added,
which causes colored bands to appear where the serum
antibodies are attached to the membrane. Western blots
can detect antibodies to several HIV antigens, but results
must be interpreted with caution because antibodies pro-
duced against other viruses may cross-react. A test is
considered positive when antibodies are seen against
antigens from at least two of the three major HIV anti-
gens (p24, gp41, and gp120/160).

When used in combination with ELISA testing,
Western blot testing is 99.9% specific. It can, however,
yield false negatives in patients with very early HIV
infection and in those infected by HIV-2. In some patients
the Western blot yields indeterminate results.

IMMUNOFLUORESCENCE ASSAY (IFA). This method is
sometimes used to confirm ELISA results instead of the
Western blot test. An IFA test detects the presence of HIV
antibody in a sample of the patient’s serum by incubating
the serum with H9 cells infected with HIV virus. The
cells are grown in tissue culture and transferred to glass
slides, which are frozen. After incubating with the
patient’s serum, the slide is washed to remove the serum
and fluorescein-conjugated anti-human immunoglobulin
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is added. After incubation, the unbound conjugate is
removed by washing the slide. The slide is examined
using a fluorescent microscope. The conjugate causes
the HIV-infected cells coated with antibody to have a
green fluorescence. This test can detect antibody of the
IgM class that is produced within seven to 10 days after
infection.

RADIOIMMUNOPRECIPITATION ASSAY (RIPA). A
third confirmatory HIV testing method is the radioim-
munoprecipitation assay (RIPA). This test also uses H9
lymphocytes infected with HIV. The cells are grown in
tissue culture media containing radioactive methionine.
This causes the viral antigens to be radioactive. A lysate
is prepared from the cultured cells and incubated with
serum. If antibodies are present in the serum they will
bind to the radioactive viral antigens. These radioactive
immune complexes are isolated onto sepharose beads
coated with Staphylococcal protein-A. The beads are
precipitated and tested for radioactivity, the presence of
which indicates a positive test.

VIRAL LOAD TESTS. Tests for viral load measure the
amount of virus in the blood either by quantifying nucle-
ic acid or p24 antigen (p24 antigen capture assay). They
may be used as confirmatory tests for HIV infection, but
are more often used to determine the progression of HIV
disease to AIDS and to determine the onset of drug resist-
ance, both of which are signaled by an increase in the
concentration of circulating viruses. The nucleic acid
based tests for viral load include the reverse transcrip-
tase-polymerase chain reaction (RT-PCR) test, branched
DNA signal amplification method (bDNA), and the
nucleic acid sequence-based amplification method
(NASBA). DNA amplification methods can detect as lit-
tle as 50 copies of viral RNA per mL of plasma and can
detect infection during the “window phase,” when anti-
body levels are too low to produce a positive test result.
In the RT-PCR assay, guanidinum isothocyanate is added
to the patient’s serum or plasma. The RNA is precipitat-
ed with isopropanol, and the RNA is resuspended and
incubated in a medium containing reverse transcriptase,
heat stable DNA polymerase (Taq polymerase), oligonu-
clotide primers tagged with biotin, and nucleotide
triphosphates. The reverse transcriptase produces a dou-
ble stranded DNA copy of the viral RNA. This DNA
copy serves as the template for the polymerase chain
reaction. Heat is used to separate the target DNA strand,
a process known as denaturation. The temperature is
lowered and the primers bind to the target sequence, a
process called annealing. Heat stable DNA polymerase
fills in the sequence by adding nucleotide triphosphates
to the 3’ end of the primer, a process called extention.
This makes a new copy of the double stranded DNA. The
cycle is repeated, making use of the newly synthesized

DNA molecule as a template. If the process is repeated
30 times there will be over one billion copies of the tar-
get DNA. The amplified DNA, called amplicons, are
denatured into single strands and are detected by means
of an enzyme-conjugated DNA probe which hybridizes
to the amplicons.

P24 ANTIGEN CAPTURE ASSAY. The p24 antigen cap-
ture assay is also used to measure viral load. Found in the
viral core of HIV, p24 is a protein that can be measured
by enzyme immunoassay. Generally, p24 is detected
early in infection (before antibody production) but then
falls to undetectable levels shortly after antibody produc-
tion. The p24 assay is useful in detecting HIV infection
before seroconversion, and for this reason it is used along
with ELISA when testing donor blood for HIV. A return
to detectable levels occurs when the virus becomes acti-
vated. Therefore, the test is used to identify patients who
have become unresponsive to antiviral therapy and to
indicate progression to AIDS. The test is not a useful
screening test for HIV, since only about 20-30% of
patients are positive in the early stages of HIV infection.
Beads coated with monoclonal antibodies against p24
antigen are mixed with serum and incubated. After wash-
ing to remove unbound serum proteins, the beads are
mixed with a second antibody to p24 derived from a rab-
bit. The beads are washed again, and an enzyme-conju-
gated anti-rabbit immunoglobulin is added. A final wash
step is performed and substrate is added. The amount of
color formed is proportional to the p24 antigen level of
the serum.

BLOOD DONOR TESTING. Blood donated for trans-
fusion is tested for HIV-1 and HIV-2 by ELISA, p24 anti-
gen capture, and RT-PCR. For the latter, donor samples
are pooled and tested for the presence of virus. This
process detects the rare donors units that are negative for
anti-HIV but potentially infective. This process has
reduced the window phase from 22 days (ELISA alone)
down to 11 days. It is estimated that the risk of receiving
a transfusion of HIV positive blood in the United States
is less than 1 in 562,500 when ELISA and p24 antigen
testing are both used.

In 1999, the U.S. Food and Drug Administration
(FDA) approved an HIV home testing kit. The kit con-
tains multiple components, including material for speci-
men collection, a mailing envelope to send the specimen
to a laboratory for analysis, and provides pre- and post-
test counseling. It uses a finger prick process for blood
collection. The results are obtained by the purchaser
through a toll-free telephone number using a personal
identification number (PIN). Post-test counseling is pro-
vided over the telephone by a licensed counselor. The
only kit approved by the FDA as of 2001 was the Home
Access test system.
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KEY TERMS

Antibody—A protein in the blood that identifies
and helps remove disease organisms or their toxins.
Antibodies are secreted by B cells. AIDS diagnostic
tests work by demonstrating the presence of HIV
antibody in the patient’s blood.

Antigen—Any substance that stimulates the body to
produce antibodies.

B cell—A type of white blood cell derived from
bone marrow. B cells are sometimes called B lym-
phocytes. They secrete antibody and have a num-
ber of other complex functions within the human
immune system.

CD4—A type of protein molecule in human blood
that is present on the surface of 65% of human T
cells. CD4 is a receptor for the HIV virus. When the
HIV virus infects cells with CD4 surface proteins, it
depletes the number of T cells, B cells, natural killer
cells, and monocytes in the patient’s blood. Most of
the damage to an AIDS patient’s immune system is
done by the virus’ destruction of CD4+ lympho-
cytes. CD4 is sometimes called the T4 antigen.

Complete blood count (CBC)—A routine analysis
performed on a sample of blood taken from the
patient’s vein with a needle and vacuum tube. The
measurements taken in a CBC include a white
blood cell count, a red blood cell count, the red
cell distribution width, the hematocrit (ratio of the
volume of the red blood cells to the blood volume),

Prognostic tests

In addition to tests for viral antigens and antibodies,
other blood tests are needed to evaluate and manage
patients with HIV disease. The most important of these is
the CD4 positive lymphocyte count. This test measures
the number of T helper cells in the blood. A CD4 count
of less than 200/microL or 14% of the total lymphocyte
count in a person who is HIV positive constitutes a diag-
nosis of AIDS. A falling CD4 positive lymphocyte count
parallels a rise in viral replication and correlates with
both a risk of opportunistic infection and drug resistance
in patients receiving highly active antiviral therapy
(HAART).

It is important for doctors treating AIDS patients to
measure the CD4 positive lymphocyte count on a regular

and the amount of hemoglobin (the blood protein
that carries oxygen).

Electrophoresis—A method of separating complex
protein molecules suspended in a gel by running an
electric current through the gel.

Enzyme-linked immunosorbent assay (ELISA)—A
diagnostic blood test used to screen patients for
AIDS or other viruses. The patient’s blood is mixed
with antigen attached to a plastic tube or bead sur-
face. A sample of the patient’s blood serum is
added, and excess proteins are removed. A second
antibody coupled to an enzyme is added, followed
by a chemical that will cause a color reaction that
can be measured by a special instrument.

Human immunodeficiency virus (HIV)—A trans-
missible retrovirus that causes AIDS in humans.
Two forms of HIV are now recognized: HIV-1,
which causes most cases of AIDS in Europe, North
and South America, and most parts of Africa; and
HIV-2, which is chiefly found in West African
patients. HIV-2, discovered in 1986, appears to be
less virulent than HIV-1, but may also have a longer
latency period.

Immunofluorescent assay (IFA)—A blood test
sometimes used to confirm ELISA results instead of
using the Western blotting. In an IFA test, HIV anti-
gen is mixed with a fluorescent compound and
then with a sample of the patient’s blood. If HIV
antibody is present, the mixture will fluoresce
when examined under ultraviolet light.

basis. Experts consulted by the U.S. Public Health
Service recommend the following frequency of serum
testing based on the patient’s CD4+ level:

* CD4+ count more than 600 cells/microL: Every six
months.

* CD4+ count between 200-600 cells/microL: Every
three months.

* CD4+ count less than 200 cells/microL: Every three
months.

When the CD4+ count falls below 200 cells/microL,
the doctor will put the patient on a medication regimen to
protect him or her against opportunistic infections.

BETA,-MICROGLOBULIN (8,M). Beta,-microglobulin
is a protein found on the surface of all human cells with
a nucleus. It is released into the blood when a cell dies.
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Lymphocyte—A type of white blood cell that is
important in the formation of antibodies. Doctors
can monitor the health of AIDS patients by measur-
ing the number or proportion of certain types of
lymphocytes in the patient’s blood.

Macrophage—A large white blood cell, found pri-
marily in the bloodstream and connective tissue, that
helps the body fight off infections by ingesting the dis-
ease organism. HIV can infect and kill macrophages.

Monocyte—A large white blood cell that is formed
in the bone marrow and spleen. About 4% of the
white blood cells in normal adults are monocytes.

Opportunistic infection—An infection that devel-
ops only when a person’s immune system is weak-
ened, as happens to AIDS patients.

Polymerase chain reaction (PCR)—A test performed
to evaluate false-negative results to the ELISA and
Western blot tests. In PCR testing, numerous copies
of a gene are made by separating the two strands of
DNA containing the gene segment, marking its loca-
tion, using DNA polymerase to make a copy, and
then continuously replicating the copies. The ampli-
fication of gene sequences that are associated with
HIV allows for detection of the virus by this method.

Retrovirus—A virus that contains a unique enzyme
called reverse transcriptase that allows it to repli-
cate within new host cells.

Seroconversion—The change from HIV-negative to

HIV-positive status during blood testing. Persons
who are HIV-positive are called seroconverters.

Although rising blood levels of 3,M are found in patients
with cancer and other serious diseases, a rising 3,M blood
level can be used to measure the progression of AIDS.

GENOTYPIC DRUG RESISTANCE TEST. Genotypic test-
ing can help determine whether specific gene mutations,
common in people with HIV, are causing drug resistance
and drug failure. The test looks for specific genetic muta-
tions within the virus that are known to cause resistance
to anti-viral drugs. For example the drug 3TC, also
known as lamivudine (Epivir), is not effective against
strains of HIV that have a mutation at a particular posi-
tion, known as M184V, in their reverse transcriptase
enzyme. If the genotypic resistance test shows a mutation
at position M184YV, it is likely that person is resistant to
3TC and not likely to respond to treatment. Genotypic

Serology—The analysis of the contents and proper-
ties of blood serum.

Serum—The part of human blood that remains lig-
uid when blood cells form a clot. Human blood
serum is clear light yellow in color.

T cells—Lymphocytes that originate in the thymus
gland. T cells regulate the immune system’s
response to infections, including HIV. CD4 lym-
phocytes are a subset of T lymphocytes.

Viral load test—A new blood test for monitoring
the speed of HIV replication in AIDS patients. The
viral load test is based on PCR techniques and sup-
plements the CD4+ cell count tests.

Western blot—A technique that is used to confirm
ELISA results. HIV antigen is purified by elec-
trophoresis and attached by blotting to a nylon or
nitrocellulose filter. The patient’s serum is reacted
against the filter, followed by treatment with devel-
oping chemicals that allow HIV antibody to show
up as a colored patch or blot. If the patient is HIV-
positive, there will be stripes at specific locations for
two or more viral proteins. A negative result is blank.

WBC differential—A white blood cell count in
which the technician classifies the different white
blood cells by type as well as calculating the num-
ber of each type. A WBC differential is necessary to
calculate the absolute CD4+ lymphocyte count.

tests are only useful when the patient is already taking
antiviral medication, and the viral load is greater than
1,000 copies per mL of plasma. The cost of the viral drug
resistance testing is usually between $300 and $500, and
is usually not covered by insurance plans, including
Medicare.

PHENOTYPIC DRUG RESISTANCE  TESTING.
Phenotypic testing directly measures the in vitro sensi-
tivity of a patient’s HIV strains to particular drugs and
drug combinations. The test measures the concentration
of a drug required to inhibit viral replication by 50% and
90%. This is the same method used by researchers to
determine whether a drug might be effective against HIV
before using it in human clinical trials. Phenotypic
testing is a more direct measurement of resistance than
genotypic testing. Unlike genotypic testing, phenotypic
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testing does not require a high viral load, but it is recom-
mended that persons already be taking antiretroviral
drugs. The cost is between $700 and $900 and is usual-
ly not covered by insurance plans, including Medicare.

AIDS serology in children

Children born to HIV-infected mothers may acquire
the infection through the mother’s placenta or during the
birth process. Public health experts recommend the test-
ing and monitoring of all children born to mothers with
HIV. Diagnostic testing in children older than 18 months
is similar to adult testing, with ELISA screening con-
firmed by Western blot. Younger infants can be diag-
nosed by direct culture of the HIV virus, PCR testing,
and p24 antigen testing. These techniques allow a pedia-
trician to identify 50% of infected children at or near
birth, and 95% of cases in infants three to six months
of age.

Preparation

In addition to diagnostic testing for HIV infection,
many laboratory tests are important to the proper man-
agement and treatment of patients with HIV disease and
AIDS. These include the complete blood count (CBC),
cultures and serological tests for opportunistic infections,
Pap smear for cervical cancer, imaging studies, nerve
conduction studies, and tests for nutritional status.

Preparation and aftercare are important parts of
AIDS diagnostic testing. Doctors are now advised to take
the patient’s emotional, social, economic, and other cir-
cumstances into account and to provide counseling
before and after testing. Patients are generally better able
to cope with the results if the doctor has spent some time
with them before the blood test explaining the basic facts
about HIV infection and testing. Many doctors now offer
this type of informational counseling before performing
the tests.

Complications

The risks of AIDS testing are primarily related to
disclosure of the patient’s HIV status rather than to any
physical risks connected with blood testing. Some
patients are better prepared to cope with a positive diag-
nosis than others, depending on their age, sex, health,
resources, belief system, and similar factors.

Results

Normal results for ELISA, Western blot, IFA, and
PCR testing are negative for HIV antibody.

Normal results for CD4+ lymphocytes: 500-1200/
microL, 34-67% of all lymphocytes.

The following abnormal results of AIDS tests indi-
cate progression of the disease:

» Percentage of CD4 positive lymphocytes: less than
14% of all lymphocytes.

e CD4+ lymphocyte count: less than 200 cells/microL.

* Viral load test: Levels more than 5000 copies/mL.

Health care team roles

Nurses and phlebotomists (workers who draw blood)
are usually the health care professional that draw the
blood for AIDS tests. However, it is the physician that
recommends specific treatment and prescribes needed
medication. HIV tests are performed by clinical laborato-
ry scientists, CLS (NCA) or medical technologists, MT
(ASCP). It is often the role of a trained counselor to tell
the patient the test results. Regardless of the results, nurs-
es, health care educators, and counselors often are
responsible for educating the patient about safe sex prac-
tices and risk factors for contracting HIV, along with the
possible need for periodic repeat testing.
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Air embolism see Gas embolism

I Airway management
Definition

Airway management involves ensuring that the
patient has a patent airway through which effective ven-
tilation can take place.

Purpose

An obstructed airway means that the body is
deprived of oxygen. If ventilation is not reestablished,

brain death will occur within minutes. The primary pur-
pose of airway management is to provide a continuously
open airway along with a continuous source of oxygen.
When a patient is critically ill and requires an artificial
airway and mechanical ventilation, it is the responsibili-
ty of the healthcare professionals caring for the patient to
ensure that the airway is secure.

Another goal of airway management is to provide an
artificial airway that is as close to the patient’s natural
airway as possible. This may mean mechanically per-
forming physiological functions such as humidifying
inspired air and removing secretions.

Precautions

Airway management is a necessity for any patient
who has an artificial airway. If the patient is restless or
agitated, it is recommended that activities such as suc-
tioning or endotracheal tube care be postponed until
either the patient is calm or a sedative has been given.
This is to avoid inadvertent removal of the airway.
However, if the patient’s respiratory status is unstable,
suctioning or repositioning the endotracheal tube should
be done if it will stabilize the patient.

Description

Airway management consists of much more than
just keeping the breathing tube in the correct position.
The tube must be managed so that it allows optimal ven-
tilation with the fewest complications.

Humidification

Humidification of inspired air normally takes place
in the upper respiratory tract. When this area is bypassed
by an artificial airway (such as an endotracheal or tra-
cheostomy tube), humidification must be performed out-
side the body. If supplemental oxygen is used, it will
require humidification to prevent drying and irritation of
the respiratory tract and to facilitate removal of secre-
tions. There are humidification devices available that can
be attached to oxygen flow meters or ventilators.

Suctioning

Suctioning consists of inserting a sterile catheter into
the endotracheal or tracheostomy tube in order to remove
secretions. This is an extremely important part of caring
for a patient with an artificial airway, since the reflex of
coughing, which would normally remove these secre-
tions, is not effective. The patient will experience respi-
ratory distress if the tube is obstructed by sputum.
Suctioning should be performed only when the patient
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Airway management

KEY TERMS

Bag-valve-mask device—Device consisting of a
manually compressible bag containing oxygen
and a one-way valve and mask that fits over the
mouth and nose of the patient.

Endotracheal tube—Tube inserted into the tra-
chea via either the oral or nasal cavity for the pur-
pose of providing a secure airway.

Hypoxemia—Abnormal deficiency of oxygen in
the arterial blood.

Oxygen flow meter—Meter attached to a oxygen
source that controls the amount of supplemental
oxygen the patient receives.

Pulse oximeter—Noninvasive machine that meas-
ures the amount of hemoglobin that is saturated
with oxygen.

Tracheostomy tube—Surgically created opening
in the trachea for the purpose of providing a
secure airway. This is used when the patient
requires long-term ventilatory assistance.

Ventilator (mechanical ventilation)—Device used
to provide assisted respiration and positive pres-
sure breathing.

needs it; however, the need should be assessed at least
every two hours.

A number of studies have been done to find ways to
minimize the complications of suctioning. Equipment
should be sterilized to decrease the risk of infection.
There are now closed suction systems available that are
attached to the ventilator tubing on one end and to the
artificial airway on the other. The catheter remains pro-
tected inside a sterile plastic sleeve that is changed every
24 hours. This system limits the amount of times the tub-
ing must be disconnected from the airway, thus reducing
exposure of the trachea to environmental contaminants.

Suctioning causes oxygen deprivation for the time
that the suction is applied. Hypoxemia can be minimized
by preoxygenating the patient with 100% oxygen prior to
suctioning and between each pass of the suction catheter.
(This can be done by either pushing the 100% oxygen
button on the ventilator or by using a bag-valve-mask
device.) The patient’s pulse oximetry should be moni-
tored while suctioning. The duration of each suction pass
should be limited to 10 seconds and the number of pass-
es should be limited to three or less if possible. This
decreases hypoxemia and airway trauma. Studies have

shown that using intermittent suction is no more benefi-
cial than continuous suction.

Installation of a small amount of saline prior to suc-
tioning was a common procedure in the past. It was
thought that saline helped to loosen secretions and to facil-
itate their removal, but studies have shown this is not the
case. On the contrary, saline installation has been shown to
increase infection rates and to cause decreased oxygen
levels for longer periods than suctioning without saline
use. This procedure is no longer regarded as beneficial.

Preparation

Preparation for airway management includes
explaining all procedures that will be performed to the
patient. Often, patients who are receiving mechanical
ventilation are kept sedated or even paralyzed to facilitate
optimal ventilation. The level of sedation should be
assessed. If patients are not receiving continuous infu-
sions of a sedating drug, they may have a physician’s
order for sedation as needed. If they are agitated, they
should be given the prescribed dose of sedation prior to
performing any airway-related procedures, to ensure that
the airway is not inadvertently removed.

Patients receiving mechanical ventilation also often
have bilateral soft wrist restraints applied to prevent
accidental removal of the artificial airway. It is recom-
mended that these be securely fastened before starting an
airway-related procedure, or that another healthcare pro-
fessional be at the bedside to help calm and hold the
patient. Also, all needed supplies should be at the bedside
prior to starting a procedure, so as to not cause excess
discomfort or stress for the patient.

Aftercare

After the procedure is finished, the patient should be
reassured if necessary and their respiratory status should
be reassessed. The insertion point of the airway should be
confirmed to be at the same place as prior to the proce-
dure, unless the purpose was to change the depth of the
tube. If the airway has been manipulated since suction-
ing, the patient may require suctioning again. Any waste
should be disposed of in the garbage or in a biohazard
container if there is a large amount of blood. Prior to the
healthcare professional leaving the room, the patient
should be made comfortable, further sedation or pain
medication should be administered as needed and the
patient should be confirmed to be stable.

Complications

The greatest risk of airway management is that the
airway may be inadvertently removed, causing the
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patient to have respiratory distress. Procedures that
require manipulating the airway may cause fear or agita-
tion for patients if they feel that they do not have control
over their breathing. If the patient becomes combative, it
can be very difficult to finish the procedure without dis-
turbing the airway.

Results

The anticipated outcomes of airway management are
a continuously open airway through which effective ven-
tilation can take place, and prevention of infection.

Health care team roles

The nurse and respiratory therapist are equally
responsible for monitoring and managing artificial air-
ways. Both perform sterile suctioning and both document
their assessment of the patient’s respiratory status. The
respiratory therapist is generally responsible for manag-
ing the ventilator, adding humidification, and changing
ventilator tubing.

If the patient is accidentally extubated (the airway is
removed), both the nurse and respiratory therapist must
assist in reinsertion. This is usually done by an anesthesi-
ologist, a certified registered nurse anesthetist (CRNA),
a medical resident, or another physician. The respiratory
therapist is generally responsible for ventilating the
patient with a bag-valve-mask device until reintubation
(reinsertion of the airway), while the nurse gathers equip-
ment, administers medications, and monitors the patient’s
pulse oximetry, vital signs, and cardiac rhythm.

The nurse and respiratory therapist are also responsi-
ble for finding alternative means for the patient to com-
municate. Artificial airways are inserted through the vocal
cords, making speaking impossible. The patient should be
encouraged to try alternative methods such as mouthing
words, writing, or pointing to letters, words, or pictures
on a communication board. Communicating with these
patients takes great patience and creativity, as well as ded-
ication to helping them feel like their needs are being met.

Resources

BOOKS

Norris, June, ed. Critical Care Skills: A Nurse’s PhotoGuide.
Springhouse: Springhouse Corporation, 1996.

Thelan, Lynne, et al. Critical Care Nursing: Diagnosis and
Management. St. Louis, MO: Mosby, 1998.

PERIODICALS

Carroll, P. “Should Suctioning Be Left to the Nurse?”
American Journal of Critical Care (March 2000):85-86.

Abby Wojahn, RN, BSN, CCRN

Airway suctioning see Airway management

Alanine aminotransferase test see Liver
function tests

Albumin test see Liver function tests

Alcohol-related neurologic disease see
Alcoholic paralysis

Alcohol abuse see Alcoholism
Alcohol dependence see Alcoholism

Alcoholic neuropathy see Alcoholic
paralysis

I Alcoholic paralysis
Definition

Alcohol paralysis, or alcohol-related neurological
disease, is an umbrella term for a wide variety of nervous
system disorders that are directly caused by the ingestion
of toxic amounts of alcohol.

These can be grouped into four categories:
» effects of acute alcohol intoxication
» withdrawl from alcohol

« diseases and neurological damage related to alco-
holism

« fetal alcohol syndrome

Description
Effects of acute intoxication

Alcohol, or ethanol, has long-demonstrated direct
toxic effects on nerve and muscle cells. Depending on
which nerve and muscle pathways are involved, alcohol
can have far-reaching effects on different parts of the
brain, peripheral nerves, and muscles. When a person
drinks alcohol, it is absorbed by blood vessels in the
stomach lining and flows rapidly throughout the body
and brain. Ethanol freely crosses the blood-brain barrier
that ordinarily keeps large molecules from escaping from
the blood vessel to the brain tissue. Drunkenness, or
intoxication, may occur at blood alcohol concentrations
of as low as 50-150 mg per 100 milliliters (0.02-0.05 oz
per qt) in what are usually called social drinkers.
Sleepiness, stupor, coma, or even death from respiratory
depression and low blood pressure occur at progres-
sively higher concentrations.
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Alcoholic paralysis

Although alcohol is broken down by the liver, the
toxic effects from a high dose of alcohol are most likely
a direct result of alcohol itself rather than of its break-
down products. The fatal dose varies widely because
people who drink heavily develop a tolerance to the
effects of alcohol with repeated use. In addition, alcohol
tolerance results in the need for higher levels of blood
alcohol to achieve intoxicating effects, which increases
the likelihood that habitual drinkers will be exposed to
high and potentially toxic levels of ethanol. This is par-
ticularly true when binge drinkers fail to eat, because
fasting decreases the rate of alcohol clearance and caus-
es even higher blood alcohol levels.

Recent research indicates that alcohol’s toxicity may
be a component of violence and aggression. A National
Institute on Alcohol Abuse and Alcoholism (NIAAA)
study showed that an estimated 86 percent of homicide
offenders, 37 percent of assault offenders, 60 percent of
sexual offenders, and 13 percent of child abusers were
drinking at the time of the offense. Forty-two percent of
violent crimes reported to police involved alcohol, and
51 percent of victims interviewed believed that the per-
son who had assaulted them had been drinking.

A December 1999 NIAAA study suggests that
because they absorb and metabolize alcohol differently
than men, women may be more susceptible to its adverse
effects. This was based on magnetic resonance imag-
ing (MRI) studies of the brains of alcoholic women,
compared with both non-alcoholic women and alcoholic
men. Imaging showed that the brain regions involved in
coordinating brain functions were markedly smaller in
the alcoholic women than either of the other two groups.

Two separate studies, conducted in February and
August of 2000, proposed and showed evidence that
even early drinking can seriously affect memory.
Researchers at Duke University and the University of
California both found that adolescence, especially
between the ages of 15 and 16, are important years in
brain development, and this development is adversely
affected by alcohol and drug use. It is as yet unknown
whether such impairment is reversible.

Withdrawal

When a chronic alcoholic suddenly stops drinking,
withdrawal of alcohol leads to a syndrome of increased
excitability of the central nervous system, called delir-
ium tremens) or “DTs.” Symptoms begin six to eight
hours after abstinence, and are most pronounced 24-72
hours after abstinence. They include body shaking
(tremulousness), insomnia, agitation, confusion, hearing
voices or seeing images that are not really there (such as
crawling bugs), seizures, rapid heart beat, profuse

sweating, high blood pressure, and fever. Alcohol-relat-
ed seizures are reported in approximately 15 percent of
alcoholics, and the chance of having seizures, as well as
the severity of the seizures, increases with the number of
withdrawal incidences. In structural imaging, it was
found that alcoholics that had had seizures showed
shrinkage on both sides of the brain behind the frontal
lobe.

Diseases and brain damage related to alcoholism

Wernicke-Korsakoff syndrome is caused by defi-
ciency of the B-vitamin thiamine, and can also be seen
in people who don’t drink but have some other cause of
thiamine deficiency, such as chronic vomiting, that pre-
vents the absorption of this vitamin. Patients with this
condition have the sudden onset of Wernicke
encephalopathy; the symptoms include marked confu-
sion, delirium, disorientation, inattention, memory loss,
and drowsiness. Examination reveals abnormalities of
eye movement, including jerking of the eyes (nystagmus)
and double vision. Problems with balance make walking
difficult. People may have trouble coordinating their leg
movements, but usually not their arms. If thiamine is not
given promptly, Wernicke encephalopathy may progress
to stupor, coma, and death.

If thiamine is given and death averted, Korsakoff’s
syndrome may develop in some patients, who suffer from
memory impairment that leaves them unable to remem-
ber events for a period of a few years before the onset of
illness (retrograde amnesia) and unable to learn new
information (anterograde amnesia). Most patients have
very limited insight into their memory dysfunction and
have a tendency to make up explanations for events they
have forgotten (confabulation).

Severe alcoholism can cause cerebellar degenera-
tion, a slowly progressive condition affecting portions of
the brain called the anterior and superior cerebellar ver-
mis causing a wide-based gait, leg incoordination, and an
inability to walk heel-to-toe in tightrope fashion. The gait
disturbance usually develops over several weeks, but
may be relatively mild for some time, and then suddenly
worsen after binge drinking or an unrelated illness.

Fetal alcohol syndrome

Fetal alcohol syndrome (FAS) occurs in infants born
to alcoholic mothers when prenatal exposure to ethanol
retards fetal growth and development. Alcohol is a
known teratogen (an agent capable of causing physical
abnormalities in developing fetuses) that affects both the
infant’s body and brain. It can cause this damage across
the entire pregnancy, not just the first trimester. Affected
infants often have a distinctive appearance with a thin
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upper lip, flat nose and mid-face, short stature and small
head size. Almost half are mentally retarded, and most
others are mildly impaired intellectually or have prob-
lems with speech, learning, and behavior.

Up to three births of every thousand in the industri-
alized countries of the world will produce a child born
with FAS. This condition is considered more apt to occur
following continuous, heavy alcohol intake by the moth-
er, but has also been seen following intermittent or binge
drinking. A study by Dr. John W. Olney, of Washington
University School of Medicine, found that because brain
cells building the connections necessary for memory,
learning and thought begin to develop in the sixth month
in-utero, one brief (four-hour) drinking binge during that
period of time can damage millions of developing cells.

Causes and symptoms

Acute excess intake of alcohol can cause drunken-
ness (intoxication) or even death, and chronic or long-
term abuse leads to potentially irreversible damage to
virtually any level of the nervous system. Any given
patient with long-term alcohol abuse may have no neu-
rologic complications, a single alcohol-related disease,
or multiple conditions, depending upon the genes they
have inherited, how well nourished they are, and other
environmental factors, such as exposure to other drugs or
toxins.

Neurologic complications of alcohol abuse may also
result from nutritional deficiency, because alcoholics
tend to eat poorly and may become depleted of thiamine
or other vitamins important for nervous system function.
Persons who are intoxicated are also at higher risk for
head injury or for compression injuries of the peripher-
al nerves. Sudden changes in blood chemistry, especially
sodium, related to alcohol abuse may cause central pon-
tine myelinolysis, a condition of the brainstem in which
nerves lose their myelin coating. Liver disease compli-
cating alcoholic cirrhosis may cause dementia, delirium,
and movement disorder.

Alcoholic myopathy, or weakness secondary to
breakdown of muscle tissue, is also known as alcoholic
rhabdomyolysis or alcoholic myoglobinuria. Males are
affected by acute (sudden onset) alcoholic myopathy four
times as often as females. Breakdown of muscle tissue
(myonecrosis) can come on suddenly during binge drink-
ing or in the first days of alcohol withdrawal. In its
mildest form, this breakdown may cause no noticeable
symptoms, but may be detected by a temporary elevation
in blood levels of an enzyme found predominantly in
muscle, called the MM fraction of creatine kinase.

The severe form of acute alcoholic myopathy is
associated with the sudden onset of muscle pain,
swelling, and weakness; a reddish tinge in the urine
caused by myoglobin, a breakdown product of muscle
excreted in the urine; and a rapid rise in muscle enzymes
in the blood. Symptoms usually worsen over hours to a
few days, and then improve over the next week to 10
days as the patient is withdrawn from alcohol. Muscle
symptoms are usually generalized, but pain and swelling
may selectively involve the calves or other muscle
groups. The muscle breakdown of acute alcoholic
myopathy may be worsened by crush injuries, which may
occur when people drink so much that they compress a
muscle group with their body weight for a long time
without moving, or by withdrawal seizures with general-
ized muscle activity.

In patients who abuse alcohol over many years,
chronic alcoholic myopathy may develop. Males and
females are equally affected. Symptoms include painless
weakness of the limb muscles closest to the trunk and the
girdle muscles, including the thighs, hips, shoulders, and
upper arms. This weakness develops gradually, over
weeks or months, without symptoms of acute muscle
injury. Muscle atrophy, or decreased bulk, may be strik-
ing. The nerves of the extremities may also begin to
break down, a condition known as alcoholic peripheral
neuropathy, which can add to the person’s difficulty in
moving. Symptoms of peripheral neuropathy, too, typi-
cally develop slowly, over a period of months.

The way in which alcohol destroys muscle tissue is
still not well understood. Proposed mechanisms include
muscle membrane changes affecting the transport of cal-
cium, potassium, or other minerals; impaired muscle
energy metabolism; and impaired protein synthesis.
Alcohol is metabolized (broken down) primarily by the
liver, with a series of chemical reactions in which ethanol
is converted to acetate. Acetate is metabolized by skele-
tal muscle, and alcohol-related changes in liver function
may affect skeletal muscle metabolism, decreasing the
amount of blood sugar available to muscles during pro-
longed activity. Because not enough sugar is available to
supply needed energy, muscle protein may be broken
down as an alternate energy source. However, toxic
effects on muscle may be a direct result of alcohol itself
rather than of its breakdown products.

Although alcoholic peripheral neuropathy may con-
tribute to muscle weakness and atrophy by injuring the
motor nerves controlling muscle movement, alcoholic
neuropathy more commonly affects sensory fibers. Injury
to these fibers can cause tingling or burning pain in the
feet, which may be severe enough to interfere with walk-
ing. As the condition worsens, pain decreases but numb-
ness increases.
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Alcoholic paralysis

KEY TERMS

Abstinence—Refraining from the use of alcoholic
beverages.

Atrophy—A wasting or decrease in size of a mus-
cle or other tissue.

Cerebellum—The part of the brain involved in
coordination of movement, walking, and balance.

Degeneration—Gradual, progressive loss of nerve
cells.

Delirium—Sudden confusion with decreased or
fluctuating level of consciousness.

Delirium tremens—A complication that may
accompany alcohol withdrawal. The symptoms
include body shaking (tremulousness), insomnia,
agitation, confusion, hearing voices or seeing
images that are not really there (hallucinations),
seizures, rapid heart beat, profuse sweating, high
blood pressure, and fever.

Dementia—Loss of memory and other higher
functions, such as thinking or speech, lasting six
months or more.

Myoglobinuria—Reddish urine caused by excre-
tion of myoglobin, a breakdown product of
muscle.

Myopathy—A disorder that causes weakening of
muscles.

Neuropathy—A condition affecting the nerves
supplying the arms and legs. Typically, the feet
and hands are involved first. If sensory nerves are
involved, numbness, tingling, and pain are promi-
nent, and if motor nerves are involved, the patient
experiences weakness.

Thiamine—A B vitamin essential for the body to
process carbohydrates and fats. Alcoholics may
suffer complications (including Wernike-Korsakoff
syndrome) from a deficiency of this vitamin.

Wernicke-Korsakoff syndrome—A combination
of symptoms, including eye-movement problems,
tremors, and confusion, that is caused by a lack of
the B vitamin thiamine and may be seen in alco-
holics.

Diagnosis

The diagnosis of alcoholic paralysis depends large-
ly upon the practitioner taking a thorough history and
finding characteristic symptoms in patients who abuse

alcohol. Other possible causes should be excluded by
the appropriate tests, which may include blood chem-
istry, thyroid function tests, brain MRI or computed
tomography (CT) scan, and/or cerebrospinal fluid
analysis.

Acute alcoholic myopathy can be diagnosed by
finding myoglobin in the urine and increased creatine
kinase and other blood enzymes released from injured
muscle. The surgical removal of a small piece of muscle
for microscopic analysis (muscle biopsy) shows the scat-
tered breakdown and repair of muscle fibers. Doctors
must rule out other acquired causes of muscle break-
down, which include the abuse of drugs such as heroin,
cocaine, or amphetamines; trauma with crush injury; the
depletion of phosphate or potassium; or an underlying
defect in the metabolism of carbohydrates or lipids. In
chronic alcoholic myopathy, serum creatine kinase often
is normal, and muscle biopsy shows atrophy, or loss of
muscle fibers. Electromyography (EMG) may show
features characteristic of alcoholic myopathy or neu-
ropathy.

Treatment

Acute management of alcohol intoxication, delirium
tremens, and withdrawal is primarily supportive, to mon-
itor and treat any cardiovascular or respiratory failure
that may develop. In delirium tremens, fever and sweat-
ing may necessitate treatment of fluid loss and secondary
low blood pressure. Agitation may be treated with benzo-
diazepines such as chlordiazepoxide, beta-adrenergic
antagonists such as atenolol, or alpha 2-adrenergic ago-
nists such as clonidine. Because Wernicke’s syndrome is
rapidly reversible with thiamine, and because death may
intervene if thiamine is not given promptly, all patients
admitted for acute complications of alcohol, as well as all
patients with unexplained encephalopathy, should be
given intravenous thiamine.

Withdrawal seizures typically resolve without spe-
cific anti-epileptic drug treatment, although status epilep-
ticus (continual seizures occurring without interruption)
should be treated vigorously with injections of phenytoin
(Dilantin), diazepam (Valium), or phenobarbital. Acute
alcoholic myopathy with myoglobinuria requires moni-
toring and maintenance of kidney function, and correc-
tion of imbalances in blood chemistry including potassi-
um, phosphate, and magnesium levels.

Chronic alcoholic myopathy and other chronic con-
ditions are treated by correcting associated nutritional
deficiencies and maintaining a diet adequate in protein
and carbohydrate. The key to treating any alcohol-relat-
ed disease is helping the patient overcome alcohol
addiction. Behavioral measures and social supports may
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be needed in patients who develop broad problems in
their thinking abilities (dementia) or remain in a state
of confusion and disorientation (delirium). People
with walking disturbances may benefit from physical
therapy and assistive devices. Doctors may also pre-
scribe drugs to treat the pain associated with peripheral
neuropathy.

Prognosis

Complete recovery from Wernicke’s syndrome may
follow prompt administration of thiamine. However,
repeated episodes of encephalopathy or prolonged alco-
hol abuse may cause persistent dementia or Korsakoff
psychosis. Most patients recover fully from acute alco-
holic myopathy within days to weeks, but severe cases
may be fatal due to acute kidney failure or distur-
bances in heart rthythm secondary to increased potassi-
um levels. Recovery from chronic alcoholic myopathy
may occur over weeks to months of abstinence from
alcohol and correction of malnutrition. Cerebellar
degeneration and alcoholic neuropathy may also
improve to some extent with abstinence and balanced
diet, depending on the severity and duration of the
condition.

Prevention

Prevention requires abstinence from alcohol.
Persons who consume small or moderate amounts of
alcohol might theoretically help prevent nutritional com-
plications of alcohol use with dietary supplements
including B vitamins. Historically, it is known that the
incidence of neurological damage to people afflicted
with alcoholism was even greater before bakeries began
to enrich bread with vitamins and minerals. However,
proper nutrition cannot protect against the direct toxic
effect of alcohol or of its breakdown products. Patients
with any alcohol-related symptoms or conditions, preg-
nant women, and patients with liver or neurologic dis-
ease should abstain completely. Based upon several
recent studies, persons with family history of alcoholism
or alcohol-related conditions may be considered at
increased risk for both alcoholism and the neurologic
complications of alcohol use.

Health care team roles

Because alcohol is the most widely abused drug in
our society, there is a prevalence of people with alcohol-
related consequences in all treatment settings. Nearly
every member of the health care team, across a broad
spectrum of places including hospitals, nursing homes,

clinics and even homes will be involved with the patient
with alcohol-related neurological disease.

* Physicians, especially primary care physicians, have
long been the front line of diagnosis and care for alco-
holics, long before a neurologist (a physician who spe-
cializes in diseases of the nervous system) becomes
involved. In the past education regarding alcoholism
was not considered to be adequate, but this has changed
considerably over the past two decades. Health care
providers should take a comprehensive drinking histo-
ry as part of any initial examination of a patient, and
be aware that people suffering from alcoholism, a dis-
ease of denial, often say they drink less than they actu-
ally do.

Nurses will be involved in the day to day treatment of
people with alcohol-related neurological disease who
are temporarily unable, or no longer able at all, to care
for themselves. This may involve caring for and moni-
toring people in withdrawal or DT’s, as well as provid-
ing supportive physical and emotional care, which may
include administering medications, monitoring vital
signs (blood pressure and pulse), providing fluids
either by mouth or intravenously, preventing injuries
during seizures or from falls, and encouraging sobriety
through a calm, non-judgmental attitude.

« Physiotherapists may often become involved in helping
the person with an alcohol-related neurological condi-
tion to restore their ability to walk safely. This may
involve repetitively practicing various steps and pro-
viding encouragement to the person.

* Certified alcoholism counselors (CACs) can help the
alcoholic patient to come to terms with this most baf-
fling, difficult disease. The CAC can provide informa-
tion not only on the disease of alcoholism, but the many
programs available to help deal with it, including
Alcoholics Anonymous and Rational Recovery.

Resources

BOOKS

“Alcohol Withdrawal Delirium.” In The Lippincott Manual of
Nursing Practice, 7th ed. Edited by Sandra Nettina.
Philadelphia: Lippincott, 2001, pp. 1092-3.

ORGANIZATIONS

Canadian Paediatric Society and Canadian Center on
Substance Abuse. <http://www.HealthCanada.org>.

National Institute on Alcohol Abuse and Alcoholism. 6000
Executive Boulevard, Willco Building, Bethesda, MD
20892-7003. <http://silk.nih.gov/silk/niaaal>.
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Alcoholism

I Alcoholism
Definition

Alcoholism is the popular term for alcohol abuse
and alcohol dependence. The hallmarks of both of these
disorders involve repeated life problems that can be
directly tied to a person’s abuse of alcohol. Alcoholism
has serious consequences, affecting an individual’s
health and personal life, as well as having a negative
impact on society at large. Alcoholism is the use of alco-
hol in any harmful way.

Description

The effects of alcoholism are quite far reaching.
Alcohol affects every body system, causing a wide range
of health problems. Such problems include poor nutri-
tion, memory disorders, difficulty with balance and
walking, liver disease (including cirrhosis and hepatitis),
high blood pressure, weakness of muscles (including
the heart), disturbances of heart rhythm, anemia, clotting
disorders, weak immunity to infections, inflammation
and irritation along the entire gastrointestinal system,
acute and chronic problems with the pancreas, low
blood sugar, high blood fat content, interference with
reproductive fertility, and weak bones.

On a personal level, alcohol can be responsible for
marital and other relationship difficulties, depression,
unemployment, child abuse, and general family dys-
function.

Alcoholism causes or contributes to a variety of
severe social problems: homelessness, murder, suicide,
injury, and violent crime. Alcohol is a contributing factor
in 50% of all deaths due to motor vehicle accidents. In
fact, more than 100,000 deaths occur each year due to the
effects of alcohol, of which 50% are due to injuries of
some sort. In the United States, the annual economic cost
of alcoholism and alcohol abuse is estimated at more
than $160 billion.

Causes and symptoms

There are probably a number of factors that work
together to cause a person to become an alcoholic.
Genetic studies have demonstrated that close relatives of
an alcoholic are more likely to become alcoholics them-
selves. This risk appears to hold true even for the child
adopted away from his or her biological family at birth
and raised in a non-alcoholic adoptive family—with no
knowledge of the biological family’s difficulties with
alcohol. More research is being conducted to determine
whether genetic factors can account for differences in

alcohol metabolism, thereby increasing the risk of an
individual becoming an alcoholic—or whether the
involvement of genetics is less direct, perhaps producing
personality traits that render people susceptible to alco-
holism. Many investigators believe that environmental
factors, such as availability and acceptance of alcohol,
peer pressure, or stressful lifestyle are at least as impor-
tant as genetic factors. At the time of this writing in early
2001, researchers were seeking the location of specific
genes that affect susceptibility to alcoholism.

The symptoms of alcoholism can be broken down
into two major categories, symptoms of acute alcohol
abuse and symptoms of long-term alcohol abuse.

Immediate (acute) effects of alcohol abuse

Alcohol exerts a depressive effect on the brain. The
blood-brain barrier does not prevent alcohol from enter-
ing the brain, so the brain-alcohol level will quickly
become equivalent to the blood-alcohol level. Alcohol’s
depressive effects result in difficulty walking, poor bal-
ance, slurred speech, and generally poor coordination
(i.e., accounting, in part, for the increased likelihood of
injury). At higher alcohol levels, a person’s breathing and
heart rates will be slowed, and vomiting may occur, with
a high risk of the vomit being inspired (breathed) into the
Iungs; this can result pneumonia, or in choking and
death (especially if the person is unconscious). Extremely
high blood alcohol levels may result in coma and death.

Effects of long-term (chronic) alcoholism

Long-term abuse of alcohol affects virtually every
organ system of the body:

¢ Nervous system. An estimated 30-40% of all men in
their teens and twenties have experienced alcoholic
blackouts, which occur when drinking a large quantity
of alcohol. This can also result in loss of memory of the
time surrounding the episode of drinking. Alcohol is
well known to cause sleep disturbances, so that overall
sleep quality is affected. Numbness and tingling may
occur in the arms and legs. Two syndromes, which can
occur together or separately, are known as Wernicke’s
and Korsakoff’s syndromes. Both are due to the low
thiamin levels found in the blood of alcoholics.
Wernicke’s syndrome results in disordered eye move-
ments, very poor balance and difficulty walking;
Korsakoff’s syndrome severely affects memory, pre-
venting new learning from taking place.

Gastrointestinal system. Alcohol causes loosening of
the muscular ring that prevents the stomach’s contents
from re-entering the esophagus. Therefore, the acid
from the stomach can flow backwards into the esoph-
agus, thereby burning those tissues and causing pain
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and bleeding. Inflammation of the stomach can also
result in bleeding and pain, and decrease the appetite. A
major cause of severe, uncontrollable bleeding (hemor-
rhage) in an alcoholic is the development of enlarged
(dilated) blood vessels within the esophagus, called
esophageal varices. These varices are actually devel-
oped in response to liver disease, and are extremely
prone to bursting and hemorrhaging. Diarrhea is also
a common affect of alcohol abuse due to alcohol’s
effect on the pancreas. Another condition, inflamma-
tion of the pancreas (pancreatitis) can be a serious and
painful consequence of alcoholism. Throughout the
intestinal tract, alcohol interferes with the absorption of
nutrients, creating a malnourished state. Alcohol is bro-
ken down (metabolized) in the liver, which is pro-
foundly affected by consistently high alcohol levels.
Alcohol interferes with a number of important chemi-
cal processes that also occur in the liver. As a result, the
liver begins to enlarge and fill with fat (i.e., fatty liver),
fibrous scar tissue interferes with the liver’s normal
structure and function (cirrhosis), and the liver may
become inflamed (hepatitis).

Blood alcohol can cause changes to all types of blood
cells. Red blood cells become abnormally large. The
number of white blood cells (WBCs) (important for
fighting infections) decreases, resulting in a weakened
immune system. This places alcoholics at increased
risk for infections; it is thought to account, in part, for
the increased risk of cancer in alcoholics (i.e., ten
times the normal risk). Platelets and blood clotting fac-
tors are negatively affected, causing an increased risk
of hemorrhage.

Heart. Small amounts of alcohol can cause a drop in
blood pressure. With increased use, however, alcohol
begins to move blood pressure into a dangerously high
range. High levels of fats circulating in the blood-
stream increase the risk of heart disease. Heavy drink-
ing results in an increase in heart size, weakening of the
heart muscle, abnormal heart rhythms, and risk of the
formation of blood clots within the chambers of the
heart. These factors greatly increase the risk of stroke,
which can occur if a blood clot from the heart enters the
circulatory system, goes to the brain, and blocks one of
its blood vessels.

Reproductive system. Heavy drinking has a negative
effect on fertility in both men and women. It decreases
testicle and ovary size, thereby interfering with both
sperm and egg production. When an alcoholic woman
becomes pregnant, she assumes the great risk of giving
birth to a baby who has fetal alcohol syndrome. This
causes distinctive facial defects, lowered IQ, and
behavioral problems.

Diagnosis

Two different types of trouble with alcohol are iden-
tified. The first is called alcohol dependence, and refers
to a person who is physiologically dependent on the use
of alcohol. According to the Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition (DSM-1V), an
individual must have three of the following traits to be
diagnosed with alcohol dependence:

* Tolerance, meaning that a person becomes accustomed
to a particular dose of alcohol and must increase the
dose in order to obtain the desired effect.

* Withdrawal, meaning that a person experiences
unpleasant physical and psychological symptoms when
he or she does not drink alcohol.

» The tendency to drink more alcohol than one intends
(i.e., once an alcoholic starts to drink, he or she finds it
difficult to stop).

 Being unable to avoid drinking or stop drinking once
started.

» Having large blocks of time taken up by alcohol abuse.

 Choosing to drink at the expense of other important
tasks or activities.

« Drinking despite evidence of negative effects on one’s
health, relationships, education, or job.

Under DSM-IV, a diagnosis of alcohol abuse
requires that one of the following four criteria is met
within a 12-month period. Because of drinking, a person
repeatedly:

« Fails to live up to his or her most important responsi-
bilities.

« Physically endangers himself, herself, or others (e.g.,
by drinking when driving).

« Gets into trouble with the law.
 Experiences difficulties in relationships or jobs.

Diagnosis is often brought about when family mem-
bers relate the alcoholic’s difficulties to a physician. A
physician may become suspicious when a patient suffers
repeated injuries or begins to experience medical prob-
lems that seem related to alcohol abuse. Alcohol abuse is
so widespread that some estimates suggest that about
20% of a physician’s patients will be alcoholics.

Diagnosis is aided by the answers to questionnaires
that try to determine what aspects of a person’s life may
be affected by his or her abuse of alcohol. Determining
the exact quantity of alcohol that a person drinks is much
less important than learning how drinking affects his or
her relationships, jobs, educational goals, and family life.
In fact, because the metabolism of alcohol (how the body
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KEY TERMS

Blood-brain barrier—A membrane that separates
the circulating blood from reaching the brain and
the fluid that surrounds it and the spinal cord.
It prevents many damaging substances from
reaching the brain, but alcohol is able to cross the
barrier.

Dependence—A state in which a person requires
a steady amount of a particular drug in order to
avoid experiencing symptoms of withdrawal.

Detoxification—The phase of treatment during
which a patient stops drinking and is monitored
and cared for while he or she experiences with-
drawal from alcohol.

Relapse—A return to a disease state, after recov-
ery appeared to be occurring; in alcoholism,
relapse refers to a patient beginning to drink alco-
hol again after a period of avoiding alcohol.

Tolerance—A phenomenon whereby a drug abus-
er becomes physically accustomed to a particular
quantity of alcohol (or dosage of a drug), and
requires ever-increasing quantities in order to
obtain the same effects.

Withdrawal—Those signs and symptoms experi-
enced by a person who has become physically
dependent on a drug, experienced upon decreas-
ing the drug’s dosage or discontinuing its use.

breaks down and processes alcohol) is so unique, the
quantity of alcohol consumed is not a criterion for diag-
nosing either alcohol dependence or alcohol abuse.

One very simple tool for beginning to diagnose alco-
holism is the CAGE questionnaire. It consists of four
questions, with the first letters of each key word spelling
the word CAGE:

» Have you ever tried to Cut down on your drinking?

» Have you ever been Annoyed by anyone’s comments
about your drinking?

» Have you ever felt Guilty about your drinking?

* Do you ever need an Eye-opener (a morning drink of
alcohol) to start the day?

There are other, longer lists of questions that help to
determine the severity and effects of a person’s alcohol
abuse. Given the evidence of genetic involvement in
alcoholism, it is important to ascertain whether any rela-
tive of the person has ever suffered from alcoholism.

Physical examination may reveal signs suggestive
of alcoholism: evidence of old injuries; a visible network
of enlarged veins just under the skin around the navel
(called caput medusae); fluid in the abdomen (ascites);
yellowish tone to the skin; decreased testicular size; and
poor nutritional status. Lab work may reveal an increase
in the size of red blood cells; abnormalities in WBCs
(responsible for fighting infection) and platelets (parti-
cles responsible for clotting); and an increase in certain
liver enzymes.

Treatment

Treatment of alcoholism has two parts. The first step
in the treatment of alcoholism, called detoxification,
involves helping the person stop drinking and ridding his
or her body of the harmful (toxic) effects of alcohol.
Because the person’s body has become accustomed to
alcohol, he or she will need to be supported through with-
drawal. Withdrawal will be different for different
patients, depending on the severity of the alcoholism (as
measured by the quantity of alcohol ingested daily and
the length of time the patient has been an alcoholic).
Withdrawal symptoms can range from mild to life-threat-
ening. Mild withdrawal symptoms include nausea, aches,
diarrhea, difficulty sleeping, sweats, anxiety, and trem-
bling. This phase is usually over in about three to five
days. More severe effects of withdrawal can include hal-
lucinations, seizures, an unbearable craving for more
alcohol, confusion, fever, fast heart rate, high blood pres-
sure, and delirium (a fluctuating level of consciousness).
Patients at highest risk for the most severe symptoms of
withdrawal (referred to as delirium tremens) are those
with other medical problems, including malnutrition,
liver disease, or Wernicke’s syndrome. Delirium tremens
usually begins approximately three to five days after the
patient’s last drink, progressing from the more mild
symptoms to the more severe, and may last a number
of days.

Patients going through only mild withdrawal are
simply monitored carefully to ensure that more severe
symptoms do not develop. However, no medications are
necessary. Treatment of a patient suffering the more
severe effects of withdrawal may require sedating med-
ications to relieve the discomfort of withdrawal and to
avoid the potentially life-threatening complications of
high blood pressure, fast heart rate, and seizures.
Benzodiazepines are helpful in those patients suffering
from hallucinations. If the patient is nauseated, fluids
may need to be given through a vein (intravenously),
along with some necessary sugars and salts. It is crucial
that thiamin be included in the fluids, because of it is usu-
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ally quite low in alcoholic patients. Further, thiamin defi-
ciency can lead to Wernicke-Korsakoff syndrome.

After cessation of drinking has been accomplished,
the next steps involve helping the patient avoid ever tak-
ing another drink. This phase of treatment is referred to
as rehabilitation. The best programs incorporate the fam-
ily into the therapy; it has no doubt been severely affect-
ed by the patient’s drinking. Some therapists believe that
family members, in an effort to deal with their loved
one’s drinking problem, sometimes develop patterns of
behavior that unintentionally support or “enable” the
patient’s drinking. This situation is referred to as “code-
pendence,” and must be addressed in order to successful-
ly treat a person’s alcoholism.

Sessions led by peers, where recovering alcoholics
meet regularly and provide support for each other’s
recoveries, are considered to be among the best methods
of preventing a return to drinking (relapse). Perhaps the
most well-known group of this kind is called Alcoholics
Anonymous, which uses a “12-step” model to help peo-
ple avoid drinking. These steps involve recognizing the
destructive power that alcohol has held over the alco-
holic’s life, looking to a higher power for help in over-
coming the problem, and reflecting on the ways in which
the abuse of alcohol has hurt others and, if possible, mak-
ing amends to those people.

There are also medications that may help an alco-
holic avoid returning to drinking. These have been used
with varying degrees of success. Disulfiram (Antabuse)
is a drug that, when mixed with alcohol, causes a very
unpleasant reaction that includes nausea and vomiting,
diarrhea, and trembling. Naltrexone (Revia) and acam-
prosate (calcium acetylhomotaurinate) seem to be
helpful in limiting the effects of a relapse. None of these
medications would be helpful unless the patient is also
willing to work very hard to change his or her behavior.

Alternative treatments can be a helpful adjunct for
the alcoholic patient once the medical danger of with-
drawal has passed. Because many alcoholics have very
stressful lives (whether because of or leading to the alco-
holism is sometimes a matter of debate), many of the
treatments for alcoholism involve dealing with and
relieving stress. These include massage, meditation,
and hypnotherapy. The malnutrition of long-term alcohol
abuse is addressed by nutrition-oriented practitioners,
with careful attention being given to a healthy diet and
the use of nutritional supplements, such as vitamins A, B
complex, and C—as well as certain fatty acids, amino
acids, zinc, magnesium, and selenium. Herbal treatments
include milk thistle (Silybum marianum), which is
thought to protect the liver against damage. Other herbs
believed to be helpful for the patient suffering through

withdrawal include lavender (Lavandula officinalis),
skullcap (Scutellaria lateriflora), chamomile (Matricaria
recutita), peppermint (Mentha piperita), yarrow (Achillea
millefolium), and valerian (Valeriana officinalis).
Acupuncture is believed to both decrease withdrawal
symptoms and to help improve a patient’s chances for
continued recovery from alcoholism.

Prognosis

Recovery from alcoholism is a lifelong process. In
fact, the person who has suffered from alcoholism is
encouraged to refer to himself or herself ever after as “a
recovering alcoholic,” never a recovered alcoholic. This
is because most researchers in the field believe that one
can never fully recover from alcohol because the vulner-
ability to alcoholism is still part of the individual’s bio-
logical and psychological makeup. The potential for
relapse (returning to illness) is always there, and must be
acknowledged and respected. Statistics suggest that,
among middle-class alcoholics in stable financial and
family situations who have undergone treatment, 60% or
more can be successful at an attempt to stop drinking for
at least a year, and many for a lifetime.

Health care team roles

The International Nurses Society on Addictions
(IntNSA) says that it is appropriate for nurses to assess
patients for alcohol-related problems in any setting, and
to initiate discussion of such problems with not only the
patient, but also the family, significant others, and appro-
priate members of an interdisciplinary health team.
Nurses have a responsibility to educate and counsel alco-
holic patients, their families, and significant others.
Nurses with special knowledge or experience in the
subject can play an important role in educating both the
community and fellow health-care professionals.
General-care nurses might wish to seek help or advice
from a clinical specialist in alcoholism. According to
IntNSA, the nurse’s role in treating alcoholism is not
restricted to psychiatric and mental health nursing, as it
involves every other clinical nursing specialty. It is
important that nurses be aware of community resources
so that they can make appropriate treatment referrals.
IntNSA offers Certified Addiction Registered Nurse cer-
tification to nurses who pass rigorous testing.

Prevention

Prevention must occur at a relatively young age,
since the first experience with alcohol intoxication usual-
ly occurs during the teenage years. It is particularly
important that teenagers who are at high risk for alco-
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holism—those with a family history of alcoholism, early
or frequent abuse of alcohol, a tendency to drink to
drunkenness, alcohol abuse that interferes with school
work, a poor family environment, or a history of domes-
tic violence—are educated about alcohol and its long-
term effects. How this is best achieved, without irritating
the youngsters and losing their attention, is a matter of
debate and study.
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I Allergies
Definition

Allergies are abnormal reactions of the immune
system that occur in response to otherwise harmless sub-
stances.

Description

Allergies are among the most common of medical
disorders. About one quarter of all Americans suffer from
some form of allergy, such as asthma, allergic rhinitis

(hay fever), or atopic dermatitis (eczema). Allergy is the
single largest reason for school absence; allergic rhinitis
alone is responsible for two million school day absences
annually. Allergies cause one out of nine physician visits
and are responsible for significant losses of productivity
in the workplace.

An allergy is a type of immune reaction. Normally,
the immune system responds to bacteria, viruses, or par-
ticles—such as pollen or dust—by producing antibodies
(specific proteins) capable of binding to antigens (iden-
tifying molecules) on the foreign particle. The interaction
between the antibody and antigen sets off a series of reac-
tions designed to protect the body from infection. When
this same series of reactions is triggered by harmless,
everyday substances, it is known as an allergy, and the
offending substance is called an allergen.

Allergens enter the body through four main routes:
the airways, skin, gastrointestinal tract, and the circulato-
ry system.

« Airborne allergens cause the sneezing, runny nose of
allergic rhinitis. Airborne allergens can also affect the
lining of the lungs, causing asthma, or the conjunctiva
of the eyes, causing conjunctivitis (pink eye).

Allergens in food may cause itching and swelling of the
lips and throat, cramps, and diarrhea. When absorbed
into the bloodstream, they may cause urticaria (hives)
or more severe reactions such as swelling of the skin,
mucous membranes, organs, and brain (angioedema).
Some food allergens may cause anaphylaxis, a poten-
tially life-threatening condition marked by tissue
swelling, airway constriction, and a sudden drop in
blood pressure.

Allergins that come in direct contact with the skin can
cause reddening, itching, and blistering (contact der-
matitis). Skin reactions can also occur from allergens
introduced through the airways or gastrointestinal tract.
This reaction is known as atopic dermatitis or eczema.

Injection of allergens, from insect bites and stings or
drug administration, can introduce allergens directly into
the circulatory system. There they may cause system-
wide responses (including anaphylaxis), as well as local
reactions of swelling and irritation at the injection site.

Individuals with allergies are not equally sensitive to
all allergens. For example, some may have severe aller-
gic rhinitis but no food allergies, others are extremely
sensitive to nuts but not to any other food. Allergies may
worsen over time. For example, childhood ragweed aller-
gy may progress to year-round dust and pollen allergy.
On the other hand, an individual may lose allergic sensi-
tivity. Infant or childhood atopic dermatitis almost
always disappears with advancing age. More commonly,
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an individual’s apparently diminished sensitivity may
instead be attributable to reduced exposure to allergens
or an increased tolerance for allergy symptoms.

Causes and symptoms
Causes

Mast cells involved in allergic reactions capture and
display an antibody, called immunoglobulin E (IgE), that
binds to allergens. After the allergen is bound, mast
cell granules release a variety of potent chemicals,
including histamine, that are responsible for some of
allergic symptoms.

Immunologists distinguish allergic reactions into
two main types: immediate hypersensitivity reactions,
which are mainly mast cell-mediated and occur within
minutes of contact with allergen, and delayed hypersen-
sitivity reactions, mediated by T cells (a type of white
blood cells) and occurring hours to days after exposure.

Inhaled or ingested allergens usually cause immedi-
ate hypersensitivity reactions. Allergens bind to IgE anti-
bodies on the surface of mast cells, which release the
contents of their granules onto neighboring cells, includ-
ing blood vessels and nerve cells. Histamine binds to the
surfaces of these other cells through special proteins
called histamine receptors. Interaction of histamine with
receptors on blood vessels causes increased leakage,
thereby producing fluid collection, swelling, and redness.
Histamine also stimulates pain receptors, making tissue
more sensitive and irritable. Symptoms last from one to
several hours following contact.

In the upper airways and eyes immediate hypersen-
sitivity reactions cause the runny nose and itchy, blood-
shot eyes typical of allergic rhinitis. In the gastrointesti-
nal tract these reactions lead to swelling and irritation of
the intestinal lining, causing the cramping and diarrhea
typical of food allergy. Allergens that enter the circulato-
ry system may cause hives, angioedema, anaphylaxis, or
atopic dermatitis.

Allergens on the skin usually cause delayed hyper-
sensitivity reaction. Roving T cells contact the allergen,
setting in motion a more prolonged immune response.
This type of allergic response may develop over several
days following contact with the allergen, and symptoms
may persist for a week or more.

THE ROLE OF INHERITANCE. While allergy to specif-
ic allergens is not inherited, the likelihood of developing
some type of allergy seems to be, at least for many peo-
ple. If neither parent has allergies, then the chances of a
child developing allergy is approximately 10-20%; when
one parent has allergies, it is 30-50%; and when both
have allergies, it is 40—75%. Allergy patients share a

genetic predisposition to produce higher levels of IgE in
response to allergens. Those who produce more IgE will
develop a stronger allergic sensitivity.

LEIESET ||V

COMMON ALLERGENS. The most common airborne
allergens are the following:

« plant pollens

animal fur and dander

body parts from house mites (microscopic creatures
found in all houses)

house dust

mold spores

cigarette smoke

solvents

cleaners

Common food allergens include the following:

nuts, especially peanuts, walnuts, and Brazil nuts
fish, mollusks, and shellfish

> eggs
wheat

* milk
« food additives and preservatives

The following types of drugs commonly cause aller-
gic reactions:

« penicillin or other antibiotics
« flu vaccines
* tetanus toxoid vaccine
« gamma globulin
Common causes of contact dermatitis include:
* poison ivy, oak, and sumac
« nickel or nickel alloys
* latex

Insects and other arthropods whose bites or stings
typically cause allergy include:

* bees, wasps, and hornets
* mosquitoes
* fleas

* scabies

Symptoms

Symptoms depend on the specific type of allergic
reaction. Allergic rhinitis is characterized by an itchy,
runny nose, often with a scratchy or irritated throat due to
post-nasal drip. Allergic conjunctivitis (inflammation of
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Allergic rhinitis is commonly triggered by
exposure to household dust, animal fur,
or pollen. The foreign substance that
triggers an allergic reaction is called
an allergen.

The presence of an allergen causes the
body's lymphocytes to begin producing
IgE antibodies. The lymphocytes of an
allergy sufferer produce an unusually
large amount of IgE.

FIRST EXPOSURE

Pollen grains

Histamine

PRy
AN

IgE molecules attach to mast _/Ty'.
cells, which contain histamine. )

The allergic response. (lllustration by Hans & Cassidy.)

the thin membrane covering the eye) causes redness, irri-
tation, and increased tearing in the eyes. Asthma causes
wheezing, coughing, and shortness of breath. Symptoms of
food allergies depend on the tissues most sensitive to the
allergen and whether it is spread systemically by the circu-
latory system. Gastrointestinal symptoms may include
swelling and tingling in the lips, tongue, palate or throat,
and nausea, cramping, diarrhea, and gas. Contact dermati-
tis is marked by reddened, itchy, weepy skin blisters.

Systemic reactions may occur from any type of
allergen, but are more common following ingestion or
injection of an allergen. Skin reactions include hives and
angioedema (a deeper and more extensive skin reaction)
involving more extensive fluid collection. Anaphylaxis is
marked by airway constriction, blood pressure drop,
widespread tissue swelling, heart rhythm abnormalities,
and, in some cases, loss of consciousness.

Diagnosis

Allergies may often be diagnosed by taking a
detailed medical history, matching the onset of symptoms
to the exposure to possible allergens. Allergy tests may
be used to identify potential allergens. These tests usual-
ly begin with prick tests or patch tests that expose the skin

to small amounts of allergen to observe the response.
Reaction will occur on the skin even if the allergen is nor-
mally encountered in food or in the airways.

RAST testing, performed by a laboratory technolo-
gist, is a blood test that measures the level of reactive IgE
antibodies in the blood. Provocation tests, most com-
monly done with airborne allergens, present the allergen
directly through the route normally involved. Food aller-
gen provocation tests require abstinence from the suspect
allergen for two weeks or more, followed by ingestion of
a measured amount.

Treatment

A variety of prescription and over-the-counter drugs
are available for treatment of immediate hypersensitivity
reactions. Most work by decreasing the ability of hista-
mine to provoke symptoms. Other drugs counteract the
effects of histamine by stimulating other systems or
reducing immune responses in general.

Drugs

ANTIHISTAMINES. Antihistamines block the hista-
mine receptors on nasal tissue, decreasing the effect of
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histamine released by mast cells. They may be used after
symptoms appear, though they may be even more effec-
tive when used before symptoms appear. A wide variety
of antihistamines are available.

Some antihistamines produce drowsiness as a major
side effect. These include:

« diphenhydramine (Benadryl and generics)

« chlorpheniramine (Chlor-trimeton and generics)
» brompheniramine (Dimetane and generics)

« clemastine (Tavist and generics)

Antihistamines that do not cause drowsiness are
available by prescription and include the following:

« astemizole (Hismanal)
¢ loratidine (Claritin)

« fexofenadine (Allegra)
« azelastin HCI (Astelin)

Hismanal has the potential to cause serious heart
arrhythmia when taken with the antibiotic erythromycin,
the antifungal drugs ketoconazole and itraconazole, or
the antimalarial drug quinine. Exceeding the recom-
mended dose of Hismanal may also cause arrhythmia.

DECONGESTANTS. Decongestants constrict blood
vessels to counteract the effects of histamine. Nasal
sprays, applied directly to the nasal lining and oral sys-
temic preparations are available. Decongestants are stim-
ulants and may cause increased heart rate and blood
pressure, headaches, and agitation. Use of topical decon-
gestants for longer than several days can cause loss of
effectiveness and rebound congestion, in which nasal
passages become more severely swollen than before
treatment.

TOPICAL CORTICOSTEROIDS. Topical corticos-
teroids reduce mucous membrane inflammation and are
available by prescription. Allergies tend to worsen as the
season progresses because the immune system becomes
sensitized to particular antigens and can produce a faster,
stronger response. Topical corticosteroids are especially
effective at reducing this seasonal sensitization because
they work more slowly and last longer than most other
medication types. As a result, they are best started before
allergy season begins. Side effects are usually mild, but
may include headaches, nosebleeds, and unpleasant taste
sensations.

MAST CELL STABILIZERS. Cromolyn sodium prevents
the release of mast cell granules, thereby preventing the
release of histamine and other chemicals contained in
them. It acts as a preventive treatment if it is begun sev-
eral weeks before the onset of the allergy season. It also
may be used for year round allergy prevention.

Cromolyn sodium is available as a nasal spray for aller-
gic rhinitis and in aerosol (a suspension of particles in
gas) form for asthma.

Immunotherapy

Immunotherapy, also known as desensitization or
allergy shots, alters the balance of antibody types in the
body, thereby reducing the ability of IgE to cause allergic
reactions. Immunotherapy is preceded by allergy testing
to determine the precise allergens responsible. Injections
involve very small but gradually increasing amounts of
allergen, over several weeks or months, with periodic
boosters. Full benefits may take as long as several years
to achieve, and are not seen at all in about one in five
patients. Patients are monitored closely following each
shot because of the small risk of anaphylaxis.

Bronchodilators

Because allergic reactions involving the lungs cause
the airways or bronchial tubes to narrow (as in asthma),
bronchodilators, which cause the smooth muscle lining
the airways to dilate, can be very effective. Some bron-
chodilators used to treat acute asthma attacks include
adrenaline, albuterol, or other adrenergic stimulants,
most often administered as aerosols. Theophylline, natu-
rally present in coffee and tea, is another drug that pro-
duces bronchodilation. It is usually taken orally, but in a
severe asthma attack is may be administered intra-
venously. Other drugs, including steroids, are used to
prevent asthma attacks and in the long-term management
of asthma.

Treatment of contact dermatitis

Calamine lotion applied to affected skin can reduce
irritation. Topical corticosteroid creams are more effec-
tive, though overuse may lead to dry and scaly skin.

Treatment of anaphylaxis

The emergency condition of anaphylaxis is treated
with injection of adrenaline, also known as epinephrine.
Patients prone to anaphylaxis in response to food or
insect allergies often carry an “Epi-pen” containing
adrenaline in a hypodermic needle. Prompt injection may
prevent a more serious reaction from developing.

Prognosis

Allergies may improve over time, although they
often worsen. While anaphylaxis and severe asthma are
life threatening, other allergic reactions are not. Learning
to recognize and avoid allergy-provoking situations
allows most patients with allergies to lead normal lives.
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KEY TERMS

Allergen—A substance that provokes an allergic
response.

Allergic rhinitis—Inflammation of the mucous
membranes of the nose and eyes in response to an
allergen; also known as hay fever.

Anaphylaxis—Increased sensitivity caused by pre-
vious exposure to an allergen that can result in
blood vessel dilation and smooth muscle contrac-
tion. Anaphylaxis can result in sharp blood pres-
sure drops and difficulty breathing.

Angioedema—Severe non-inflammatory swelling
of the skin, organs, and brain that can also be
accompanied by fever and muscle pain.

Antibody—A specific protein produced by the
immune system in response to a specific foreign
protein or particle called an antigen.

Antigen—A foreign protein to which the body
reacts by making antibodies.

Asthma—A lung condition where the airways
become constricted due to smooth muscle con-
traction, causing wheezing, coughing, and short-
ness of breath.

Atopic dermatitis—Inflammation of the skin as a
result of exposure to airborne or food allergens;
also known as eczema.

Conjunctivitis—Inflammation of the thin lining of
the eye called the conjunctiva.

Contact dermatitis—Inflammation of the skin as a
result of contact with a substance.

Delayed hypersensitivity reactions—Allergic
reactions mediated by T cells that occur hours to
days after exposure.

Granules—Small packets of reactive chemicals
stored within cells.

Histamine—A chemical released by mast cells
that activates pain receptors and causes cells to
become leaky.

Immune hypersensitivity reaction—Allergic reac-
tions that are mediated by mast cells and occur
within minutes of allergen contact.

Mast cells—A type of immune system cell found
in the lining of the nasal passages and eyelids,
with an antibody called immunoglobulin type E
(IgE) on its cell surface; mast cells release hista-
mine from intracellular granules.

Health care team roles

Diagnosis and effective management of allergy
symptoms involves cooperation and collaboration
between the patient and an interdisciplinary team of
health care professionals. The patient’s primary care
physician or pediatrician, allergy and immunology spe-
cialists, laboratory technologists, respiratory therapists,
pharmacists, pharmacy assistants, and health educators
are involved in helping patients and families gain an
understanding of how to prevent effectively manage
symptoms.

Patient education

Nurses, respiratory therapists, and health educators
help patients learn how to prevent and manage allergy
symptoms. They teach patients how to distinguish mild
allergy symptoms from those requiring immediate med-
ical attention. Pharmacists and pharmacy assistants may
offer additional instruction about medication use and reit-
erate the importance of adhering to prescribed treatment.

Prevention

Avoiding allergens is the best means of limiting
allergic reactions. For food allergies, there is no effective
treatment except avoidance. By determining the allergens
that cause reactions, most patients can learn to avoid
allergic reactions from food, drugs, and contact allergens
such as poison ivy or latex. Airborne allergens are more
difficult to avoid, although keeping dust and animal dan-
der from collecting in the house may limit exposure.
Cromolyn sodium can prevent mast cell degranulation,
thereby limiting the allergic response.

Resources
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Allergy elimination diet see Elimination
diet
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I Allergy tests
Definition

Allergy tests may be of two general types. In vivo
tests that measure the immune response to an agent
called an allergen that induces an allergic (atopic) reac-
tion, and in vitro tests that measure the antibodies that
mediate an allergic response. Such antibodies are those
of the immunoglobulin E class (IgE) which have epsilon
heavy chains which attach to mast cells.

Purpose

Allergy tests are performed to determine the cause
of a person’s allergic reaction. An allergic reaction is
caused by the production of specific IgE antibodies
against one or more antigens. Those antigens that elicit
IgE production are termed allergens and are usually
harmless substances. Some common allergens are
described below.

« house dust mites and their waste

« hair, dander, and saliva of animals with fur or feathers
« cockroaches and their waste

» weed, grass, and tree pollens

» mold and mildew spores

« stinging insects such as bees, wasps, yellow jackets,
hornets, and fire ants

« drugs such as penicillin, and sulfa drugs
« foods such as eggs, milk, nuts, and seafood

« ingredients found in dyes, cosmetics, and latex

Precautions

While allergy tests are safe for most people, there is
always a possibility that the subject will experience a
severe allergic reaction to an allergen used for in vivo
testing. For this reason, the subject should be exposed to
the lowest dose of allergen in the first phase of testing. In
vitro blood tests are particularly appropriate for persons
who have a history of severe allergy. In vitro testing may
also be more appropriate for persons taking antihista-
mines, neuroleptics, or antidepressants, and for those
with skin conditions all of which may interfere with skin
test results.

Description

An allergic reaction is caused when a person’s
immune system produces IgE antibodies in response to
a foreign antigen (allergen). IgE molecules are tightly

bound to the surface of mast cells (and basophils in
blood). These cells contain granules that have a high con-
centration of histamine and other substances that are
responsible for the allergic reaction. Upon subsequent
exposure to the same antigen, an immediate (type 1)
hypersensitivity reaction called the atopic or allergic
reaction ensues. The allergen binds to the IgE and the
crosslinking of antigen and antibody molecules causes
the mast cell to degranulate. The histamine and other
allergic mediators are released and cause local swelling
(edema) and redness (vasodilation). These reactions
occur immediately and may be sufficient in intensity to
cause constriction of the bronchi and shock. Such a sys-
temic response to an allergen is called an anaphylactic
reaction. Allergens most often responsible for anaphylac-
tic reactions are insect bites and penicillin in persons who
are allergic to these agents.

Allergies may be seasonal or chronic depending upon
the exposure to the allergen. An allergy may be influenced
by factors such as emotional stress, fatigue, infection, air
pollution, and weather changes that can cause day to day
variation in the severity of symptoms. These triggering
factors add to what doctors call the “allergic load,” the
amount of allergens the body can tolerate at any given
time without the occurrence of symptoms.

Allergies can manifest themselves in several ways.
Conditions commonly caused by allergies include rhinitis,
asthma, contact dermatitis, allergic gastritis, urticaria
(hives), and conjunctivitis. Allergy tests are used to iden-
tify the allergen(s) responsible for the allergy. Once the
allergen is known, avoidance and desensitization (subcu-
taneous injection of allergen extract) can be added to the
treatment modality.

Types of allergy tests

IN VIVO TESTING. Known as a skin or scratch test,
this method is most commonly performed by pricking the
skin at multiple sites. Each site is tested by scratching the
skin surface with a sterile needle laden with an allergen
extract or placing allergen extract on the skin and then
pricking the skin with a needle.

The advantages of this testing method include speed
(results are immediately available), cost-effectiveness,
and a high degree of sensitivity. The disadvantages of this
method include patient discomfort, a high incidence of
false positives, interference from antihistamines, other
drugs and skin conditions.

IN VITRO TESTING. Immunoassays that measure total
and specific IgE antibodies are used for in vitro allergy
testing. The most commonly used method for specific
IgE testing is called the RAST test (radioallergosorbent
test). This test is a variation of an indirect antiglobulin
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A close-up of a patient’s arm after allergy testing. (Custom
Medical Stock Photo. Reproduced by permission.)

test. The allergen is bound to a solid phase such as a plas-
tic test tube or disc. Serum is added and incubated with
the allergen. If IgE antibodies specific for the allergen are
present, these bind to the tube or disc. The tube is
washed, and anti-human IgE tagged with radioactive
iodide is added. This attaches to the allergen-antibody
complexes. After incubation, the tube is washed again,
and its radioactivity is measured. The amount of radioac-
tivity is directly proportional to the IgE concentration.
This can be quantified by comparing the radioactivity of
the test to standards. Standards consist of a specific IgE
of known concentration (e.g., anti-birch) that is reacted
with the respective purified allergen (birch extract). The
RAST test can be prepared as a screening test by com-
bining groups of allergens onto a single disc. Results are
compared to a low-level IgE standard which serves as a
positive cutpoint. Radioactivity above the standard indi-
cates a positive test for allergy, and subsequent tests are
performed using the individual allergens to determine the
cause of a positive screen.

The immunoassay most commonly used for measur-
ing total IgE is called the PRIST test (paper radioim-
munosorbent test). This test is a double antibody sand-
wich type radioimmunoassay in which the IgE is the anti-
gen. Total IgE in serum can also be determined by
immunoassay methods. A positive test for total IgE indi-
cates a diagnosis of allergy when allergic symptoms are
present. However, serum IgE levels may be increased in
persons with parasitic infections and malignant diseases
in the absence of allergy.

In vitro tests have the advantage of being sensitive
and specific although they are somewhat less sensitive
than skin tests. The reagent quality is highly consistent
from lot to lot. The methods are more reproducible and
accuracy can be monitored with quality control. In vitro
methods can be used for persons who are being treated

with antihistamines and other medications. One
venipuncture replaces multiple skin scratches that are
painful and not well tolerated by young children.
Disadvantages of in vitro tests are higher costs and longer
turnaround time than skin tests(specific IgE tests require
1-2 days before results are available because of long
incubation times).

OTHER TESTING. Provocation testing may be per-
formed to positively identify suspected allergens after
preliminary skin testing. A purified preparation of the
allergen is inhaled or ingested in increasing concentra-
tions to determine if it will provoke a response.

Inhalation testing is performed only after a patient’s
lung capacity and response to the medium used to dilute
the allergen has been determined. Once this has been
determined, the patient inhales increasingly concentrated
samples of a particular allergen, followed each time by
measurement of the exhalation capacity. Only one aller-
gen is tested per day.

Provocation testing with food is more tedious than
inhalation testing. First the suspect food is removed from
the patient’s diet for two weeks; then the patient eats a
single portion of the suspect food and is monitored for a
reaction.

A double-blind food challenge may also be used for
diagnosis of food allergy. During this test, various foods,
some of which are suspected of inducing an allergic reac-
tion, are each placed in individual capsules; the patient
swallows a capsule and is then watched to see if a reac-
tion occurs. Persons with a history of severe allergic food
reactions cannot be tested this way.

Preparation

Skin testing is preceded by a brief examination of the
skin. The patient should refrain from using allergy med-
ications for at least 48 hours before testing.

Immunoassay and RAST tests require a sample of
blood, which is obtained via venipuncture by a nurse or
phlebotomist followng standard precautions for the pre-
vention of transmission of bloodborne pathogens.

Aftercare

Patients receiving skin tests should be monitored for
30 minutes following testing, and treated promptly
should they develop signs of a severe allergic reaction.
Occasionally, a delayed anaphylactic response may occur
that will require immediate care; therefore, patient edu-
cation regarding how to recognize delayed anaphylaxis
is vital. The generalized redness and swelling that may
occur in the skin test area will usually resolve within a
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day or two. More severe reactions may require topical or
antihistamine therapy.

Inhalation tests may cause delayed asthma attacks,
even if the antigen administered in the test initially pro-
duced no response. Severe initial reactions may justify
close professional observation for at least 12 hours after
testing.

Complications

Intradermal testing may inadvertently result in the
injection of the allergen into the circulation, with an
increased risk of adverse reactions. Inhalation tests may
provoke an asthma attack. Exposure to new or unsuspect-
ed allergens in any test carries the risk of anaphylaxis.

Results
Skin testing

Lack of redness or swelling on a skin test indicates
no allergic response. A wheal (an area of redness and
swelling) exceeding 7 mm in diameter or larger than the
histamine control, has a higher diagnostic value than
smaller wheals.

Immunoassay testing

SPECIFIC IGE. Quantitative specific IgE cutoffs are
the lowest radioactivity levels encountered in the highest
dilution of standard used. The IgE level may be reported
in RAST units, or as positive, equivocal, or negative.

TOTAL IGE. The upper limit of normal for total IgE is
highly age dependent for children. The upper limit
increases over the first 10 years, then levels off. The cut-
off for adults varies with the test methodology. For the
PRIST test the cutoff is approximately 25 kU/L IgE when
the standard used is traceable to the 2nd International
Reference Preparation of the World Health Organization.

Inhalation testing

In an inhalation test, the exhalation capacity should
remain unchanged. Following allergen inhalation, reduc-
tion in exhalation capacity of more than 20%, and for at
least 10-20 minutes, indicates a positive reaction to the
allergen.

Food testing

In a food challenge, no symptoms should occur.
Gastrointestinal symptoms within 24 hours following the
ingestion of a suspected food allergen indicates a positive
response.

KEY TERMS

Allergen—A substance that provokes an allergic
response.

Anaphylaxis—Increased sensitivity caused by pre-
vious exposure to an allergen that can result in
blood vessel dilation (swelling) and smooth mus-
cle contraction. Anaphylaxis can result in shock
caused by a sharp fall in blood pressure.

Antibody—A specific protein produced by the
immune system in response to a specific foreign
protein or particle called an antigen.

Antigen—A foreign protein to which the body
reacts by making antibodies.

Histamine—A chemical released by mast cells
that causes vasodilation and bronchial con-
striction.

Mast cells—A tissue analog of the blood basophil,
mast cells are prevalent near small blood vessels
in the skin, membranes, and bone marrow. Mast
cells bind a type of antibody called immunoglob-
ulin E (IgE) on their surface, and participate in the
allergic response by releasing histamine from
intracellular granules.

Health care team roles

Allergy tests are ordered by a physician. Skin tests
and inhalation tests are performed in a doctor’s office by
a nurse or healthcare worker specially trained to admin-
ister the test. A physician, nurse, or physician assistant
should monitor patient for signs of anaphylaxis for 30
minutes after testing.

In vitro allergy tests are performed by clinical labo-
ratory scientists CLS(NCA)/medical technologists
MT(ASCP). Results are interpreted by a physician usual-
ly a specialist in immunologic and allergic diseases.
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I Alzheimer’s disease
Definition

Alzheimer’s disease (AD) is the most common form
of dementia, a neurologic disease characterized by a
progressive loss of mental ability severe enough to inter-
fere with normal activities of daily living, lasting at least
six months, and not present from birth. AD usually
occurs in old age and is marked by a decline in cognitive
functions such as remembering, reasoning, and planning.

Description

A person with AD usually has a gradual decline in
mental functions, often beginning with slight memory
loss, followed by losses in the ability to maintain
employment, to plan and execute familiar tasks, and to
reason and exercise judgment. Communication ability,
mood, and personality may also be affected. Most people
who have AD die within eight years of their diagnosis,
although that interval may be as short as one year or as
long as 20 years. AD is the fourth leading cause of death
in adults after heart disease, cancer, and stroke.

In 2001, four million Americans have been diag-
nosed with AD. That number is expected to grow to as
many as 14 million by the middle of the twenty-first cen-
tury as the baby-boomer population ages. These numbers
may be seriously underestimated due to new research
that suggests mild cognitive impairment may be early
stages of AD.

While a small number of people in their 40s and 50s
develop the disease (called early-onset AD), AD predom-
inantly affects the elderly. AD affects about 10% of all
people over the age of 65 and nearly half of those over
85. Slightly more women than men are affected with AD,
since women tend to live longer and occupy a larger pro-
portion of the most affected age groups.

The costs for caring for loved ones with AD is con-
siderable, and has been estimated at approximately
$174,000 per person over the course of the disease. More
than 70% of people with AD are cared for at home at an
estimated annual cost of $196 billion. These costs are not
supplemented by outside sources. If patients are cared for
by paid home caregivers or are placed in nursing homes,
the total annual out-of-pocket costs by families or third
party payees account for $83 billion and $32 billion
respectively.

Causes and symptoms
Causes

The cause of Alzheimer’s disease is unknown. Some
strong leads have been found through recent research,
however, and these have also given some theoretical sup-
port to several new experimental treatments.

AD affects brain cells responsible for learning, rea-
soning, and memory. Autopsies of people with AD indi-
cate that these regions of the brain become clogged with
two abnormal structures, neurofibrillary tangles and
senile plaques. Neurofibrillary tangles are twisted mass-
es of protein fibers inside nerve cells (neurons). Senile
plaques are composed of parts of neurons surrounding a
group of brain proteins called beta-amyloid deposits.
While it is not clear exactly how these structures cause
problems, some researchers now believe that their forma-
tion is responsible for the mental changes of AD, pre-
sumably by interfering with the normal communication
between neurons in the brain. Drugs approved by the
Food and Drug Administration (FDA) increase the level
of chemical signaling molecules in the brain, known as
neurotransmitters, to make up for this decreased commu-
nication ability.

What triggers the formation of plaques and tangles is
unknown, although there are several possible candidates.
Restriction of blood flow may be part of the problem,
perhaps accounting for the beneficial effects of estrogen,
which increases blood flow in the brain. However, stud-
ies in 2001 do not show estrogen as a protection against
the development of AD.

Highly reactive molecular fragments called free rad-
icals damage cells of all kinds, especially brain cells,
which have smaller supplies of protective antioxidants
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thought to protect against free radical damage. Vitamin
E is one such antioxidant, and its use in AD is showing
some benefit.

Several genes have been implicated in AD, includ-
ing the gene for amyloid precursor protein (APP) respon-
sible for producing amyloid. Mutations in this gene are
linked to some cases of the relatively uncommon early-
onset forms of AD. Other cases of early-onset AD are
caused by mutations in the gene for another protein, pre-
senilin. AD eventually affects nearly everyone with
Down syndrome, caused by an extra copy of chromo-
some 21. Other mutations on other chromosomes have
been linked to other early-onset cases.

Potentially the most important genetic link was dis-
covered in the early 1990s on chromosome 19. A gene on
this chromosome, apoE, codes for a protein involved in
transporting lipids into neurons. ApoE occurs in at least
three forms: apoE2, apoE3, and apoE4. Each person
inherits one apoE from each parent, and therefore can
either have one copy of two different forms or two copies
of one. Compared to those without ApoE4, people with
one copy are about three times as likely to develop late-
onset AD, and those with two copies are almost four
times as likely to do so. Despite this important link, not
everyone with apoE4 develops AD, and people without it
can still have the disease. Why apoE4 increases the
chances of developing AD is not known.

Promising research in 2001 has discovered a protein,
apoptosis-inducing factor, that kills cells by disrupting
the genetic material at their cores. This discovery could
lead to drugs that could turn off this protein that triggers
apoptosis or biologically regulated cell death, which is
important in fetal development but is also implicated in
stroke, heart disease, and AD. It is thought that this
protein runs out of control and shuts off otherwise
healthy cells.

There are several risk factors that seem to increase a
person’s likelihood of developing the disease. The most
significant one is, of course, age; older people develop
AD at much higher rates than younger ones. Another risk
factor is having a family history of AD, Down syndrome,
or Parkinson’s disease. People who have had head trau-
ma or hypothyroidism may manifest the symptoms of
AD sooner.

Many environmental factors have been suspected of
contributing to AD, but population studies generally have
not borne these out. A study in early 2001, however,
showed a specific link between aluminum in drinking
water and the incidence of AD. Other suspected risk fac-
tors were other pollutants in drinking water, aluminum in
any form, and mercury in dental fillings. To date, none

of these other factors has been shown to cause AD or to
increase its likelihood.

Lifestyle factors, moreover, may prove to be better
indicators of risk. Lack of stimulation, mentally and
physically, between the ages of 20 and 60 seems linked
to the incidence of AD. Studies have not shown, though,
that a sedentary lifestyle early in life causes AD or
whether it is a marker for the incidence of the disease.

Another study of African Americans and their
Nigerian counterparts shows AD appearing more often in
the American population than the African one.
Researchers suggest that environmental or cultural fac-
tors may play a role in the formation of AD. Here, phys-
ical activity or diet may play a part.

Symptoms

The symptoms of Alzheimer’s disease begin gradu-
ally, usually with memory lapses. Occasional memory
lapses are common to everyone and do not, by them-
selves, signify any change in cognitive function. The per-
son with AD may begin with only the routine sort of
memory lapse—forgetting where the car keys are—but
progresses to more profound or disturbing losses such as
forgetting how to even drive a car. Being lost or disori-
ented on a walk around the neighborhood becomes more
likely as the disease progresses. A person with AD may
forget the names of family members, or forget what was
said at the beginning of a sentence by the end of the sen-
tence.

As AD progresses, other symptoms appear, includ-
ing inability to perform routine tasks, loss of judgment,
and personality or behavior changes. Some patients have
trouble sleeping and may suffer from confusion or agita-
tion in the evening, known as sunsetting. In some cases,
people with AD repeat the same ideas, movements,
words, or thoughts, a behavior known as perseveration.
There may be delusional thinking or even hallucinations.
In the final stages people may have severe problems with
eating, communicating, and controlling their bladder and
bowel functions.

The Alzheimer’s Association has developed a list
of 10 warning signs of AD. A person with several of
these symptoms should see a physician for a thorough
evaluation:

» memory loss that affects job skills
« difficulty performing familiar tasks

* problems with language, as in word-find problems or
inappropriate word substitutions

« disorientation about time and place

* poor or decreased judgment
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Diseased tissue from the brain of an Alzheimer’s patient
showing senile plaques within the brain’s gray matter.
(Photograph by Cecil Fox, Photo Researchers, Inc.
Reproduced by permission.)

« problems with abstract thinking
* misplacing things

+ changes in mood or behavior

« changes in personality

* loss of initiative

Other types of dementia, including some that are
reversible, can cause similar symptoms. It is important for
the person with these symptoms to be evaluated by a pro-
fessional who can weigh the possibility that the symptoms
may have another cause. Approximately 20% of those
originally suspected of having AD actually have some
other disorder; about half of these cases are treatable.

Diagnosis

Diagnosis of Alzheimer’s disease is complex and
may require visits to several different specialists over
several months before a determination can be made. With
new diagnostic tools and criteria, it is possible to make a
provisional diagnosis that is about 90% accurate. A posi-
tive confirmation of these findings can be made only
through autopsy.

Early diagnosis is essential in helping the patient and
the family make decisions about treatment, long-term care,
and financial matters. Finding out that a loved one’s behav-
ior is based on a degenerative mental disease can help a
family avoid unnecessary anger and feelings of impotence
when dealing with the progression of the disease.

There are two diagnoses the clinical team can make
for a patient. They are probable AD or possible AD.
Probable AD is determined when physicians and psychi-
atrists rule out all other disorders that might produce sim-
ilar symptoms. A diagnosis of possible AD is made when

AD is considered the primary reason for the symptoms
but is complicated with the presence of another disorder
that might confuse the general progression of the disease.

Diagnosis for AD begins with the elimination of
other physical and psychological causes for the patient’s
behavior. This is done through a multi-step process that
tests for other disorders and measures the amount of
deficit the patient is experiencing.

Patient history

A detailed medical history should be taken, noting a
list of the patient’s medicines (prescription and over the
counter), vitamins, and herbs. Since there are many phar-
maceuticals that can cause the same mental changes as
AD, a careful review of the patient’s medication, alcohol,
and herbal use is important. If the patient’s symptoms are
related to any of these, most likely the condition can be
reversed through adjustments in the patient’s medications
or herbal use. Any illicit drugs should also be reported.

Next, the physician should take a detailed report of
any changes in the patient’s mental functioning and
memory. This will determine the mode of onset of symp-
toms, the progression of the deficits, and the impact of
the impairment on daily functioning.

Physical exam and lab tests

AD-like symptoms can also be provoked by other
medical conditions, including tumors, infection, thyroid
malfunctioning, and dementia caused by mild strokes
(multi-infarct dementia). These possibilities must be
ruled out through blood screens, urine tests, electroen-
cephalographs (EEGs), and a variety of imaging tech-
niques.

A genetic test for the ApoE4 gene is available, but is
not used for diagnosis, since possessing even two copies
does not ensure that a person will develop AD.

Cognitive functioning evaluation

Several types of oral and written tests are used in AD
diagnosis and disease progression, including tests of
mental status, language ability, functional ability, memo-
ry, and concentration. In the early stages of the disease,
the results of these tests are usually normal. It should be
noted that the widely-used Mini-Mental State
Examination (MMSE) may not be accurate for highly
educated or poorly educated individuals, or cultural
minorities.

Neuropsychiatric evaluation

A detailed cognitive evaluation can be done by a
psychologist or psychiatrist. These tests of memory and
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mental functioning provide a quantitative measure of the
patient’s deficits.

One of the most important parts of the diagnostic
process is the evaluation of depression and delirium,
since these can be present with AD or may be mistaken
for it. (Delirium involves a decreased consciousness or
awareness of one’s environment.) Depression and mem-
ory loss are both common in the elderly, and the combi-
nation of the two can often be mistaken for AD.
Depression can be treated with drugs, although some
antidepressants can worsen dementia if it is present, fur-
ther complicating both diagnosis and treatment.

Imaging studies

Several imaging techniques can assess brain func-
tion and pathology, thus eliminating these as causes of
the patient’s symptoms. Most frequently used imaging
scans are magnetic resonance imaging (MRI) or com-
puted tomography (CT) scans, which detect structural
changes in the brain. Brain function can be assessed
through MRI, positron emission tomography (PET),
and single-photon emission CT (SPECT). These tests
help rule out stroke, subdural hematoma, and brain
tumor as possible causes for the patient’s symptoms.

Treatment

Alzheimer’s disease is currently incurable, though a
number of pharmaceuticals and home care strategies
can mange the disease. The mainstay of AD treatment
continues to be good nursing care, providing both physi-
cal and emotional support, as the patient gradually is able
to do less independently and whose behavior becomes
more erratic. Modifications of the home to increase safe-
ty are often necessary. Creative strategies to help the
patient stay as independent as possible are also indicated.
The caregiver also needs support to minimize anger,
despair, and burnout.

Drugs

Donepezil hydrochloride (Aricept), rivastigmine
(Exelon), and galantamine (Reminyl) have been
approved for use in AD treatment. These drugs increase
the levels of the neurotransmitter acetylcholine in the
brain, thereby increasing the communication ability of
the remaining neurons. They do this by inhibiting the
enzymes, acetylcholinesterase and butylcholinesterase,
which normally break down acetylcholine and butyl-
choline released by neurons. These drugs modestly
increase attention span, concentration, mental acuity, and
information processing. Tacrine (Cognex), the first drug
used, is no longer used due to the risk of liver toxicity.

All cholinesterase inhibitors have mild gastric side
effects such as nausea and vomiting.

The antioxidant, vitamin E, is also thought to delay
AD onset because it prevents neuron damage caused by
free radicals. Vitamin E therapy, in combination with
cholinesterase inhibitors, has become a practice standard
in the treatment of AD.

Drugs that have been found ineffective are Selegiline
(used in the treatment of Parkinson’s disease), pred-
nisone, and the anti-inflammatory NSAID diclofenac.
Estrogen, once thought to be the keystone in treatment
and prevention of AD in women, was found to be inef-
fective in mitigating symptoms in 2001. There is still
some discussion about estrogen’s ability to delay the
onset of AD.

Depression may be treated with selective serotonin
reuptake inhibitors (SSRIs) such as citalopram and ser-
traline. Physicians may also prescribe typical antipsy-
chotics for agitation, aggression, or hallucinations, such
as olanzapine, quetiapine, or risperidone. It should be
noted that AD patients have more side effects from most
medications, especially psychoactive drugs, and care
should be taken in their selection.

Alternative treatment

Several substances are currently being tested for
their ability to slow the progress of Alzheimer’s disease.
Among them are gingko extract, derived from the leaves
of the Gingko biloba tree, and huperzine A, from the
moss Huperzia serrata. Gingko extract has antioxidant,
anti-inflammatory, and neuroprotective effects and has
been used for many years in China and is widely pre-
scribed in Europe for treatment of circulatory problems.
It has been shown to modestly improve cognitive func-
tion. Huperzine A is a natural cholinesterase inhibitor. It
is reported to produce greater improvement than the syn-
thetic cholinesterase inhibitors and has few side effects.
Since neither herbal is regulated, they may have incon-
sistent levels of their active ingredients per dosage.

Nursing care and safety

The person with Alzheimer’s disease will gradually
lose the ability to dress, groom, feed, bathe, or use the
toilet without help; in the late stages of the disease, the
individual may be unable to move or speak. In addition,
the person’s behavior becomes increasing erratic. A ten-
dency to wander may make it difficult to leave the patient
unattended for even a few minutes, which would
make even the home a potentially dangerous place. In
addition, some patients may exhibit inappropriate sexual
behaviors.
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Alzheimer’s disease

Nursing care required for AD patients is simple
enough to learn. The difficulty for many caregivers
comes in the constant but unpredictable nature of the
demands put on them. Additionally, the personality
changes presented in AD can be heartbreaking for fami-
ly members as a loved one deteriorates, seeming to
become a different person. Not all AD patients develop
negative behaviors: some become gentle, spending
increasing amounts of time in dream-like states.

A loss of grooming skills may be one of the early
symptoms of AD. Mismatched clothing, unkempt hair,
and decreased interest in personal hygiene become more
common. Caregivers, especially spouses, may find these
changes socially embarrassing and difficult to cope with.
The caregiver will begin to assume more and more
grooming duties for the patient as the disease progresses.

Ensuring proper nutrition for the AD patient may
require using a colored plate to focus the patient’s atten-
tion on the food. Finger foods may be preferable to those
foods requiring utensils. Later, the caregiver may need to
feed the patient. As movement and swallowing become
difficult, a feeding tube may be placed into the stomach
through the abdominal wall, which will require special
attention.

For many caregivers, incontinence becomes the
most difficult problem to deal with at home, and is a prin-
cipal reason for pursuing nursing home care. In the early
stages, limiting fluid intake and increasing the frequency
of toileting can help. Careful attention to hygiene is
important to prevent skin irritation and infection from
soiled clothing.

Safety will become of prime importance. In all
cases, a person diagnosed with AD should not be allowed
to drive, because of the increased potential for accidents
and the increased likelihood of wandering far from home
while disoriented. In the home, grab bars in the bath-
room, bed rails on the bed, and clutter-free passageways
can greatly increase safety. Electrical appliances should
be unplugged and put away when not in use, and match-
es, lighters, knives, or weapons should be stored out of
reach. The hot water heater temperature should be set
lower to prevent accidental scalding. A list of emergency
numbers, including the poison control center and the hos-
pital emergency room, should be posted by the phone.

A calm, structured environment with simple orienta-
tion aids such as calendars and clocks may reduce anxi-
ety and increase safety. Labeling cabinets and drawers
may keep the patient’s attention focused. Scheduling
meals, bathing, and other activities at regular times and
places will provide emotional security and routine, since
unfamiliar places and activities can be disorienting for
the patient. Sleep disturbances may be minimized by

keeping the patient engaged in activities during the day,
offering structure and providing physical activities.

Care for the caregiver

Family members or others caring for a person with
AD have a difficult and stressful job, which becomes
harder still as the disease progresses. It is common for
caregivers to develop feelings of anger, resentment, guilt,
and hopelessness, in addition to the sorrow they feel for
their loved one and for themselves. Depression is an
extremely common consequence of being a full-time
caregiver for an AD patient. Support groups are an
important way to deal with the stress of caregiving. The
location and contact numbers for AD caregiver support
groups are available from the Alzheimer’s Association;
they may also be available through a local social service
agency, the patient’s physician, or pharmaceutical com-
panies that manufacture the drugs used to treat AD.
Medical treatment for depression may be an important
adjunct to group support.

Outside help, nursing homes, and governmental
assistance

Most families eventually need outside help to relieve
some of the burden of around-the-clock care for an AD
patient. Personal care assistants, either volunteer or paid,
may be available through local social service agencies.
Adult daycare facilities are becoming increasingly com-
mon. Meal delivery, shopping assistance, or respite care
may be available as well.

Providing the total care required by a person with
late-stage AD can become an overwhelming burden for a
family, even with outside help. At this stage, many fami-
lies consider nursing home care. This decision is often
one of the most difficult for the family, since it is often
considered an abandonment of the loved one and a fail-
ure of the family. Counseling with a physician, clergy, or
other trusted adviser may ease the difficulties of this tran-
sition. Selecting a nursing home may require a difficult
balancing of cost, services, location, and availability.
Keeping the entire family involved in the decision may
help prevent further stress from developing later on.

Several federal government programs may ease the
cost of caring for a person with AD, including Social
Security Disability, Medicare, and Supplemental
Security Income. Each of these programs provides some
assistance for care, medication, or other costs, but none
of them will pay for nursing home care indefinitely.
Medicaid is a state-funded program that may provide for
some or all of the cost of nursing home care, although
there are important restrictions. Details of the benefits
and eligibility requirements of these programs are avail-
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able through the local Social Security or Medicaid office,
or from local social service agencies. Long-term care
insurance can also be another option, if taken out prior to
the diagnosis.

Prognosis

Alzheimer’s disease can weaken the aging body,
making it more susceptible to life-threatening infections
such as pneumonia. In the late stages of the disease,
autonomic body functions may be impaired, the patient
falling into a coma, and death following. In addition,
other diseases common in old age—cancer, stroke, and
heart disease—may lead to more severe consequences in
a person with AD. On average, people with AD live eight
years past their diagnosis, with a range from one to 20
years.

Health care team roles

Treatment of AD is a team effort, involving primary
care physicians, nurses, imaging and laboratory techni-
cians, gerontology specialists, psychiatrists, psycholo-
gists, nursing staff, and caregivers. Physicians order tests
that aid in the diagnosis and treatment of AD. These
experts must educate the patient and the caregivers in the
nature of the disease and its progression, although this
burden usually falls on the nursing staff. Nurses are also
the first line of access to medical care and support
groups. Social workers, counselors, and support group
facilitators may also provide emotional support, practical
advice, and information about community resources.
Special Alzheimer’s disease facilities may be used for
either respite day care or as permanent long-term care
placements.

Prevention

There is currently no proven way to prevent
Alzheimer’s disease, though some of the drug treatments
may delay the development of the disease. The most like-
ly current candidate is estrogen. However, staying active
mentally and physically throughout life may be key to
prevention.
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KEY TERMS

Acetylcholine—One of the substances in the body
that helps transmit nerve impulses.

Dementia—Impaired intellectual function that
interferes with normal social and work activities.

Donepezil hydrochloride (Aricept)—A drug that
increases the brain level of the neurotransmitter
acetylcholine, which is given once a day to treat
AD.

Ginko—An herb from the Ginko biloba tree that
some alternative practitioners recommend for the
treatment of AD.

Neurofibrillary tangle—Twisted masses of protein
inside nerve cells that develop in the brains of
people with AD.

Senile plaque—Structures composed of parts of
neurons surrounding brain proteins called beta-
amyloid deposits and found in the brains of peo-
ple with AD.

Sunsetting—Confusion or
evening.

agitation in the

Tacrine (Cognex)—A drug that may help improve
memory in people with mild to moderate cases of
AD.
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Ambulatory electrocardiography
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IAmbuIator electro-
cardiography

Definition

Ambulatory electrocardiography (ECG or EKG)
is the continuous monitoring on an outpatient basis of the
electrical activity of the heart, with a device called a
Holter monitor, while the patient undergoes their usual
daily activities.

Purpose

Ambulatory EKG has the ability to detect a number
of heart problems that do not show up during standard
electrocardiography tests in a doctor’s office or during a
stress test (electrocardiography performed during exer-
cise, also in a doctor’s office or EKG laboratory). It is
commonly used in the evaluation of palpitations
(unpleasant awareness of the heartbeats) or syncope
(fainting) or to detect electrical symptoms of cardiac
ischemia, a deficiency of oxygen to the heart due to
reduced blood flow. This disease is sometimes called
“silent” ischemia because there are often no outward
symptoms of the oxygen deprivation.

Because ambulatory EKG involves 24 hour moni-
toring, it is also particularly useful in detecting condi-
tions that occur periodically, such as during sleep or at
times of emotional or physical stress. The test can be
used to screen for arrhythmias (abnormal heartbeats) and
is routinely done in patients after myocardial infarctions
that resulted in decreased function of the left ventricle.
Ambulatory EKG can also detect transient arrhythmias
in patients with idiopathic (unknown cause) dilated car-
diomyopathy, hypertrophic cardiomyopathy or conges-
tive heart failure.

The long-term nature of the test makes it useful in
evaluating the effectiveness of medications used to con-
trol irregular heartbeats or arrhythmia or the effective-
ness of other cardiac treatments. Because of the compact
nature of the device, this test was used by astronauts on

the space shuttle to study how the heart adapts to the
weightlessness of space.

Precautions

There are no particular precautions for this test.

Description

Ambulatory electrocardiography, also called contin-
uous ambulatory electrocardiography or Holter monitor-
ing, involves being attached to a portable recorder for 24
to 48 hours. The electrical signals are generally recorded
on a magnetic tape for later review. To begin the test, an
electrodiagnostic technician attaches five adhesive elec-
trodes to the skin of the chest. Typically, electrodes are
placed under each collarbone and each bottom rib, and
several electrodes are placed across the chest in a rough
outline of the heart. Wires snap onto each of these elec-
trodes and connect them to a small recorder that looks
like a wearable radio. The electrodes detect the heart’s
electrical pattern throughout the day and will store infor-
mation in the recording box for doctors to interpret later.
A small purse with a shoulder strap is used to hold this
recorder or it is placed on a belt around the waist.

During the test, patients perform normal activities
except they cannot take showers or baths and should
avoid electric blankets while wearing the monitor. Often
patients are given a small diary to record their
various activities, such as exercise, eating, sleeping,
straining, breathing too hard (hyperventilating), and any
stressful situations. The patient also notes the time and
circumstances of any symptoms—especially chest pain,
dizziness, shortness of breath, heart palpitations, and any
other signs of heart trouble. Some Holter monitors allow
patients to record their symptoms electronically, high-
lighting the portion of the electrocardiogram recorded
while the symptoms are occurring. Additionally, some
monitors can also perform electroencephalography
(EEG), a measurement of the electrical activity of the
brain. These dual monitors can be useful in the diagnosis
of unexplained loss of consciousness (syncope).

A device similar to a Holter monitor, called an event
or loop recorder, can be used to perform ambulatory EKG
when the symptoms are very periodic. Generally, these
devices have only two electrodes and are the size of a
beeper. The event recorder can continuously monitor the
heartbeat, but will permanently store the patient’s heart-
beat only after the patient has pushed a button that freezes
the recording process. The device can only store about 30
seconds to two minutes of signal. The button system does
allow physical symptoms to be directly correlated with
the electrical signals of the heart during the event. Stored
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signals can be sent through the telephone to the doctor
for analysis.

Additionally, because events often last more than a
minute and electrodes can be rapidly positioned, the
patient can attach to the machine only when a cardiac
event occurs. The continuous monitoring issue is com-
pletely avoided with newer devices, such as a credit card-
sized monitor that is pressed to the chest wall only when
the patient detects symptoms.

Preparation

Patients are asked not to apply creams or lotions to
the chest before the test, as this may inhibit the attach-
ment of the electrodes. Sometimes the chest will be
shaved of hair to improve electrode function. Wearing
loose, comfortable clothing will also make the monitor-
ing process easier.

Aftercare

The electrodes are removed after the monitoring
period is completed and the patient may return to normal
activities. Results are generally available a few days after
the test is complete.

Complications

The only limitations to these monitoring procedures
is the need to have recorded the heartbeat during an
abnormal event. There are no physical complications that
result from the monitoring.

Results

A standard ambulatory EKG will record all the beats
of the heart for the period that the device is connected to
the patient, while an event recorder will have signals
recorded only for a short period after the event button
was depressed. Computers are often used as a first stage
review the lengthy tapes produced by standard ambula-
tory EKG testing. The program will highlight abnormal
rhythms or abnormal signal shape for closer inspection
by the doctor. Some standard monitors are equipped with
an event button that highlights electrical output during
symptoms. This helps the doctor correlate symptoms
with electrical signals, similar to what occurs with a
event recorder.

“Silent” ischemia is detected by a change in the
shape of the heartbeat signal. In electrocardiography, the
five different waves seen in a normal heartbeat are labeled
PQRST. Reduced oxygen to the heart often changes the
shape of the ST portion of the electrical signal.

A male patient wears electrodes attached to his chest,
which are connected to a Holter monitor at his waist.
(Photograph by Dr. P. Marazzi, Photo Researchers, Inc.
Reproduced by permission.)

If the purpose of the test is screening for arrhyth-
mias, the recording will be reviewed for any atypical
electrical patterns. Among the abnormal patterns that can
be seen are transient brachycardia (sporadic abnormally
slow heartbeats), atrial fibrillation (rapid, unproductive
contraction of the atria), atrial tachycardia (abnormally
fast beating of the atria), and paryoxsmal supraventricu-
lar tachycardia (PSVT), a sporadic fast heartbeat that
starts above the ventricles.

If the test is performed to evaluate a treatment, the
doctor or technician will scan the record for a return to
normal rate and graphic shape of heartbeats.

Health care team roles

Specially trained assistants known as electrocardio-
graph technicians often prepare patients for ambulatory
EKG testing in larger hospital and cardiology group
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American sign language

KEY TERMS

Arrhythmia—An abnormal rhythm of the heart, if
transient (periodic) it is often diagnosed using
ambulatory EKG.

Cardiomyopathy—A disease of the muscle of the
heart.

Ischemia—A lack of oxygen to a tissue, cardiac
ischemia is often due to clogging of the coronary
arteries.

Palpitation—An unpleasant awareness of the
heart beating, can also encompass skipped beats
or rapid beats.

Syncope—A loss of consciousness, fainting, a
condition that can be caused by heart disease.

practice settings. In small settings, nurses and medical
assistants set up the test. A doctor, often aided by a com-
puter, usually does the final interpretation of the tracing.

Training

Many persons learn how to perform ambulatory
EKG monitoring through on the job training. However,
training programs for EKG work in general, that includes
ambulatory techniques, are available through out-sourc-
ing companies or in vocational and community colleges.
The usual length of these college-based programs is 465
hours (four months). Program content includes classroom
instruction in anatomy and physiology with an emphasis
on the cardiac and vascular system, medical terminolo-
gy, cardiovascular medications, patient care techniques,
interpretation of cardiac rhythm, medical ethics, and a
clinical practicum.

Resources
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heart.org>.
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I American sign language
Definition

ASL is an autonomous linguistic system independent
of English. It is a visual/spatial/gestural language that is
very expressive and dependent on visual cues of the
hands, body and face. ASL contains all the features that
are part of a unique communication system: it is symbol-
ic and systematic; it has its own morphology and syntax;
and there is a community of users of ASL. ASL is under-
stood to be the “natural” language of deaf people, espe-
cially those who are second or third generation deaf. In
large part because of its visual and spatial nature, there is
no standardized written form of ASL.

Description

In its most basic form ASL originated in the United
States in the late 1700s. Over the next two centuries it
was transformed into a true language that has been taught
to many deaf people. Laurent Clerc and Thomas
Gallaudet adapted approximately 60% of Abbe de
I’Epee’s French Sign Language (FSL) to conform to
American customs and manners and incorporated the
basic ASL already in use in 1817. Clerc and Gallaudet
also opened the American Asylum, the first school for the
deaf in North America based on the goal of teaching
ASL. Over the centuries the topic of teaching ASL has
been quite controversial, with some believing that it
should not be taught to deaf children. For example, influ-
ential people such as Alexander Graham Bell stressed the
importance of oral communication in children who are
deaf. Others, however, such as E.M. Gallaudet (nephew
of Tomas Gallaudet) were strong proponents of the con-
tinued teaching of ASL. From this support of ASL, a deaf
community and culture evolved across North America
where approximately 2 million members of the deaf com-
munity share in the use of this language.

Linguistic structure

Like all other languages, ASL uses arbitrary symbols
as its “words.” Word order (syntax) of ASL varies
according to emphasis, giving the user many expressive
possibilities. Information about nouns, subjects or
objects, is incorporated into directional verbs by the use
of classifiers, and facial/bodily expressions are used as
grammatical markers. The syntax of ASL is more closely
related to the Navajo language than to the syntax of
English. The small meaning units of ASL (its morpholo-
gy), such as past tense or plural markers, are different
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from other languages. ASL does not provide tense mark-
ing for each verb in a sentence; rather the tense is marked
at the beginning of the conversation and requires no fur-
ther marking.

Acquisition of ASL

DEAF CHILDREN OF DEAF PARENTS. Only 10% of all
deaf children are born to deaf parents, and these children
are clearly a minority in the deaf population. However
these children have a linguistic advantage over deaf chil-
dren of hearing parents. Deaf children of deaf parents
have an accessible language available to them from an
early age. Consequently, they develop language at about
the same rate as their hearing counterparts. Deaf parents
often sign in front of their deaf infants and may often
enlarge their children’s signs just as hearing parents elon-
gate spoken words in “baby talk.” When ASL is acquired
first and speech second by these children it is called
bilingual acquisition.

DEAF CHILDREN OF HEARING PARENTS. Deaf chil-
dren of hearing parents typically begin language acqui-
sition later as a result of parents not knowing that their
child is deaf, often until the child is two to four years old.
Therefore, a manual form of language is not used in front
of the infant, nor is the child receiving another type of
effective communication training, because the infant
cannot hear information presented orally. After diagno-
sis, some of these children may eventually first learn a
manual coding of English in the home along with speech.
This type of bilingualism is known as bimodal presenta-
tion and acquisition. Other deaf children of hearing par-
ents begin to learn ASL soon after diagnosis and learn the
language quickly when they are in an environment pro-
moting the use of ASL.

ASL and deaf culture

Deaf culture is “a social, communal, and creative
force of, by and for deaf people based on American Sign
Language.” Deaf culture, however, is not restricted to
deaf people; families, friends and advocates of the deaf
community may also be a part of deaf culture. Deaf/ASL
culture arose during the civil-rights era in the 1960’s. It
involves deaf people partaking in “visual literature” (for
example, ASL poetry, plays, story telling, or humor) as
well as, sports and many other physical and visual activ-
ities. As a result, the psychosocial basis of deaf culture is
understood to mean that deaf people, especially those
attending residential schools, regardless of mode of com-
munication taught in the school, will seek out other deaf
people and use sign language as a primary mode of com-
munication.
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ASL and education

Across North America the majority of deaf children
attend public schools. Some of these children may rely
on lip reading and other people as note takers, while oth-
ers may have an ASL interpreter in the classroom. A sig-
nificant minority of deaf children attend residential
schools where communication philosophies vary. Some
promote the use of sign language (most often signed
English, and fewer, ASL) while others may promote oral
communication. However, most children attending resi-
dential schools do learn ASL, often from their peers,
rather than, or in addition to, their teachers. It is impor-
tant to note that for deaf children, ASL, as well as signed
English, appear to serve, equally well, the same roles in
thinking as spoken language does for hearing children.

Implications in healthcare

In the last decade advocates in both the United States
and Canada have been promoting better laws that provide
ways for deaf people to access health care services more
easily in hospitals and government settings. Currently
hospitals in the United States are required to provide
Tele-Type (TTY) telephone machines that allow deaf
patients to make calls, as well as to provide ASL inter-
preters upon request. Further, the rights of the deaf
patient are promoted by hospital regulations that demand
that all efforts are to be taken to ensure communication
between patients and staff and that the needs of the deaf
patient are being met. The above have yet to become laws
in Canada. However, efforts are made to provide TTYs
and interpreters for Canadian deaf patients. Advocates
for the Canadian deaf community continue to push for
the implementation of the same laws that protect the
American deaf community.
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Americans with Disabilities Act

I Americans with Disabilities
Act

Definition

The Americans with Disabilities Act (ADA) was a
bill passed by the United States Congress signed into law
by President George Bush on July 26, 1990.

Description

The purpose of the ADA was to make society more
accessible to people with disabilities. The ADA applies
to qualified individuals with disabilities who (1) have
physical or mental impairments that substantially limit
one or more major life activities; (2) have a record of
such impairments; or (3) are regarded as having such
impairments. In addition, the ADA protects persons from
discrimination based on an association or relationship
with an individual with a disability.

A qualified individual with a disability is defined as
a person who meets legitimate skill, experience, educa-
tion, or other requirements for a position, and who is able
to perform the essential functions of the position with or
without reasonable accommodation. Requiring that an
individual be capable of performing essential functions
assures that such an individual will not be disqualified
simply due to an inability to perform marginal job func-
tions. If the individual is qualified to perform essential
job functions, except for limitations caused by a disabil-
ity, the employer must consider whether the individual
could perform these functions with a reasonable accom-
modation. A written job description, prepared prior to
advertising or interviewing applicants for a job, may be
considered evidence of the job’s essential functions.

Examples of major life activities may include see-
ing, hearing, speaking, walking, breathing, performing
manual tasks, learning, self-care, and working. The ADA
covers, for instance, individuals with epilepsy, paralysis,
HIV, AIDS, substantial hearing or vision impairment,
mental retardation, or specific learning disabilities. It
also covers the individual with a record of a disability—
for example, a person who has recovered from cancer or
mental illness.

The ADA protects individuals who are regarded as
having a substantially limiting impairment, even though
they may not have such an impairment. For example, the
ADA protects a qualified individual with a physical dis-
figurement from being denied employment because an
employer is concerned how customers or coworkers
might react.

102

The ADA also protects individuals from company or
organization actions based on assumptions that a employ-
ee/member’s relationship with a person with a disability
would affect his or her job performance, and from actions
resulting from bias or misinformation concerning certain
disabilities. For example, the ADA protects a person
whose spouse has a disability from being denied employ-
ment because the employer assumes that the applicant
would require excessive leave to care for the spouse. The
individual who is involved in volunteer work with people
who have AIDS is also protected from employment dis-
crimination by the ADA, if such discrimination is moti-
vated by that relationship or association.

Civil rights protections similar to other legislation
that provides protection on the basis of race, color, sex,
national origin, age, and religion are also provided by the
ADA; it also guarantees equal opportunity for individu-
als with disabilities in public accommodations, employ-
ment, transportation, government services, and telecom-
munications. Discrimination in all employment practices,
including job application procedures, hiring, firing,
advancement, compensation, training, recruitment,
advertising, tenure, layoff, leave, fringe benefits, and all
other employment-related activities, is controlled by the
ADA.

With regard to both private and public sector
employment, including state and local government serv-
ices, companies with 15 or more employees are also sub-
ject to the ADA. Specifically, businesses must accommo-
date employees or customers with disabilities unless
doing so represents an undue hardship or a direct threat
to the health or safety of others.

Although the ADA is intended to protect those with
disabilities from discrimination, employers are not
expected to give preference to a qualified applicant with
a disability over other applicants. An employer remains
free to select the most qualified applicant available and to
make decisions based on reasons unrelated to a disability.

Financial assistance for employers

To enable smaller employers to make reasonable
accommodations, a special tax credit is available. A tax
credit of up to $5,000 per year for accommodations,
made to comply with the ADA, may be taken by an eli-
gible small business. A full tax deduction of up to
$15,000 per year is available to any business for expens-
es incurred during the removal of qualified architectural
or transportation barriers. Covered expenses include
removing barriers created by steps, narrow doors, inac-
cessible parking spaces, restroom facilities, and trans-
portation vehicles.
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For questions about:

U.S. government agencies providing assistance with Americans with Disabilities Act

Consult these agencies:

Contact information:

Employment (Title 1)

Public services (Title 1)

Public accomodations (Title [11)

Telecommunications (Title 1V)
Accessibility

Rehabilitation and independent living services

Equal Employment Opportunity Commission (R,TA,E)

National Institute on Disability and Rehabilitation
Research, Dept. of Education (TA)

President’s Committee on Employment of People
with Disabilities (TA)

Small Business Administration, Office of Advocacy,
Office of Economic Research (TA)

Social Security Administration, Office of Disability (P)

Office on the AD Act, Civil Rights Division, Dept. of Justice
(R,TA,E)
Dept. of Transportation (R,TA,E)

Architectural and Transportation Barriers Compliance Board
(G,TA)

Office on the AD Act, Civil Rights Division, Dept. of
Justice (R,TA,E)

Dept. of Transportation (R,TA,E)

Federal Communications Commission (R,TA,E)

Architectural and Transportation Barriers Compliance Board
(G,TA)

National Institute on Disability and Rehabilitation Research,

1801 L Street NW, Washington, DC 20554.

400 Maryland Ave. SW, Washington, DC
20202-2572

1331 F Street NW, Third Floor,
Washington, DC 20004

409 Third Street NW, Fifth Floor,
Washington, DC 20416

Room 545, Altimeyer Building, 6401
Security Blvd., Baltimore, MD 21235

P.0. Box 66118, Washington, DC
20035-6118

400 Seventh Street SW, Room 10424,
Washington, DC 20590

1331 F Street NW, Suite 1000,
Washington, DC 20004-1111

PO Box 66118, Washington, DC
20035-6118

400 Seventh Street SW, Room 10424,
Washington, DC 20590

1919 M Street NW, Washington, DC 20554

1331 F Street NW, Suite 1000, Washington,
DC 20004-1111

400 Maryland Ave. SW, Washington,

Dept. of Education (P)
Tax law provisions

technical assistance on how to comply.

Internal Revenue Service, Dept. of Treasury (TA)

E=has enforcement authority; G=issues guidelines; P=administers programs relevant to successful implementation of the Act; R=issues regulations; TA=provides

SOURCE: Rothstein, J.M., S.H. Roy, and S.L. Wolf. The Rehabilitation Specialist's Handbook. 2nd ed. Philadelphia: F.A. Davis Co., 1998.

DC 20202-2572
1111 Constitution Ave., Ben Franklin Station,
Washington, DC 20224

Enforcement

The ADA’s employment provisions are enforced
under the same procedures now applicable to race, color,
sex, national origin, and religious discrimination under
title VII of the Civil Rights Act of 1964 and the Civil
Rights Act of 1991. Available remedies include hiring,
reinstatement, promotion, back pay, front pay, restored
benefits, reasonable accommodation, attorneys’ fees,
expert witness fees, and court costs. Compensatory and
punitive damages also may be available in cases of inten-
tional discrimination or where an employer fails to make a
good faith effort to provide a reasonable accommodation.

Viewpoints

Despite the ADA’s laudable intentions, it is not with-
out critics. It is pointed out by those who find fault with
the ADA that its definitions are too broad, vague, or ill-
defined. Others suggest that unnecessary litigation has
been spawned by the ADA, which has not been effective
in moving those with disabilities from welfare to the
workforce, and requires employers to shoulder burden-
some costs to accommodate individuals with disabilities
despite available tax credits available from the federal
government.

American Disabilities Act defenders point out an
example of a recent study reporting that companies’
insurance costs rarely rise because of hiring individuals
with disabilities. Obvious benefits generated by the ADA
are also observed by supporters. Among these benefits
are increased attention to pervasive discrimination
against and widespread unemployment of people with
disabilities, and their willingness and potential to con-
tribute to society. Stereotypes about people with disabili-
ties have been revealed by studies. It is clear that people
with disabilities are hired less and fired more than other
employees.

Professional implications
Medical examinations

According to the ADA, employers may conduct
employee medical examinations when there is evidence
of a job performance or safety problem, when it is
required by federal law, when it is necessary to determine
an individual’s fitness to perform a particular job, or
when voluntary examinations are part of employee health
programs. However, information from medical examina-
tions must be kept confidential. According to the ADA,
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testing for illegal drug use is not considered part of a
medical examination.

An employer may not ask or require an applicant to
take a medical examination before extending a job offer.
Furthermore, pre-employment inquiries about a disabili-
ty or the nature or severity of a disability cannot be made
by an employer. However, questions may be asked by the
employer about the individual’s ability to perform specif-
ic job functions. In addition, an individual with a disabil-
ity may be asked by an employer to describe or demon-
strate how he or she would perform such functions.

An employer may qualify a job offer based on a sat-
isfactory post-offer medical examination or medical
inquiry, provided this is required of all employees in the
same job category. A post-offer examination or inquiry
does not have to be job related.

In the event that a post-offer medical examination or
inquiry reveals a disability and the individual is not
hired, the reason for the rejection must be job related. An
employer must show that reasonable accommodations
were not available to enable the individual to perform the
essential job functions, or that such accommodations
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would have imposed an undue hardship. A post-offer
medical examination may disqualify an individual. If the
employer can demonstrate that a direct threat in the
workplace—that is, that a significant risk or substantial
harm to the health or safety of the individual would also
pose a direct threat in the workplace—a significant risk
of substantial harm to the health or safety of the individ-
ual or others that cannot be eliminated or reduced below
the direct threat level through reasonable accommoda-
tion. Such a disqualification must be job related and con-
sistent with business necessity. In addition, an individual
with a disability who is able to perform essential job
functions may not be disqualified due to speculation that
the disability may cause a risk of future injury.

Reasonable accommodation

A reasonable accommodation is any modification or
adjustment to a job or the work environment that enables
a qualified applicant or employee with a disability to par-
ticipate in the application process or to perform essential
job functions. A reasonable accommodation includes
adjustments to assure that a qualified individual with a
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disability is provided with the same employment rights
and privileges extended to employees without disabilities.

Reasonable accommodation may include making
existing facilities used by employees readily accessible
to, and usable by, an individual with a disability. In addi-
tion, it may involve restructuring a job; modifying work
schedules; acquiring or modifying equipment; providing
qualified readers or interpreters; or appropriately modi-
fying examinations, training, or other programs.
Reasonable accommodation also may include reassign-
ing a current employee to a vacant position for which he
or she is qualified, if the person is unable to do the orig-
inal job because of a disability even with an accommo-
dation. However, an employer is not obligated to find a
position for an applicant who is not qualified for the posi-
tion sought, nor are employers required to lower quality
or quantity standards as an accommodation.

Appropriate accommodation decisions must be
based on the facts in each case—that is, whether the
accommodation will provide an opportunity for a person
with a disability to achieve the same level of perform-
ance and the potential to enjoy benefits equal to those of
a person without a disability. However, the accommoda-
tion does not have to ensure equal results or provide
exactly the same benefits.

An employer is only required to accommodate a
known disability of a qualified applicant or employee.
The requirement is typically initiated by a request from
an individual with a disability. Accommodations must be
made on an individual basis since the nature and extent
of a disabling condition and the requirements of a job
vary with each case. If the individual does not request an
accommodation, the employer is not obligated to provide
one except where an individual’s known disability
impairs the ability to know of, or effectively communi-
cate a need for, an accommodation obvious to the
employer. If an appropriate accommodation is requested
by a person with a disability (but not suggested by the
employer, who cannot “suggest” this), the employer and
the individual should work together to identify one.
There are a number of resources that provide assistance
without cost.

An employer is not required to make an accommo-
dation if it would impose an undue hardship on the
employer’s business. Undue hardship is defined as an
“action requiring significant difficulty or expense.” This
includes the nature and cost of the accommodation in
relation to the size, resources, nature, and structure of the
employer’s operation. Undue hardship is determined on
an individual basis. In general, a larger employer with
greater resources would be expected to make accommo-
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dations requiring greater effort or expense than a smaller
employer with fewer resources.

If an accommodation represents an undue hardship,
the employer must try to identify another accommodation
that will not pose such a hardship. Also, if the cost of an
accommodation would impose an undue hardship on the
employer, the individual with a disability should be given
the option of paying that portion of the cost that would con-
stitute an undue hardship or provide the accommodation.

The employer is obligated to provide access for an
individual applicant to participate in the job application
process, and for an individual employee with a disability
to perform the essential functions of the job, including
access to a building, the work site, necessary equipment,
and all facilities used by employees.

However, an employer is not required to make exist-
ing facilities accessible until an employee with a disabil-
ity needs an accommodation. The employer does not
have to make changes to provide access in places or facil-
ities that will not be used by that individual for employ-
ment-related activities or benefits.

Testing

Accommodations may be needed to assure that tests
or examinations measure the actual ability of an individ-
ual to perform job functions, rather than reflect limita-
tions caused by the disability. Tests should be given to
people who have sensory, speaking, or manual impair-
ments in a manner that does not require the use of the
impaired skill, unless the test is designed to measure a
job-related skill.

Resources

PERIODICALS

Anonymous. “Your Rights.” Accent on Living 44 no. 4
(Spring 2000): 38 39.

Clegg, R.” The costly compassion of the ADA.” The Public
Interest (July 15, 1999).

Fisher, A.” Readers Weigh in on the ADA and Finding
Mentors.” Fortune 140 no. 1 (July 5, 1999): 192.

Goldfein, R. and S. Velazquez. “AIDS and the ADA:
Protection from Perception.” Trial 35 no. 10 (October
1999): 42-45.

Hall, J. and D. Hatch. “ADA May Require Reassignment to
Vacant Job.” Workforce 78 no. 9 (September 1999): 94.

Kazanjian, L. and S. Weinhaus. “Should Correctable
Conditions Count as Disabilities Under the ADA?”
Business and Health 17 no. 8 (August 1999): 47-48.

Shellenbarger, S. “A Little-Known Part of the Disabilities Act
Protects Caregivers.” Wall Street Journal (August 23,
2000).

Van Detta, J. A. “Typhoid Mary Meets the ADA: A Case
Study of the Direct Threat Standard Under the Americans
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with Disabilities Act.” Harvard Journal of Law and
Public Policy 27 no. 3 (Summer 1999): 849-958.

ORGANIZATIONS

Americans with Disabilities Act Document Center. <http://jan-
web.icdi.wvu.edu/kinder /index.htm>.

Americans with Disabilities Act of 1990, 42 U. S. C. 12101-
12213 (1990). <http://www.usdoj.gov/
crt/ada/pubs/ada.txt>.

U.S. Department of Justice. Americans with Disabilities ADA
Homepage. <http://www.usdoj.gov/
crt/ada/adahom1.htm>.

Bill Asenjo, M.S., C.R.C.

I Amino acid disorders
screening

Definition

Amino acid disorders screening is performed to
detect inherited and acquired disoders in amino acid
metabolism. Tests are most commonly done in the
neonatal period.

Purpose

Twenty of the 100 known amino acids are the main
building blocks for human proteins. Of these 20 amino
acids, ten (essential amino acids) are not made by the
body and must be acquired through diet. Proteins regu-
late every aspect of cellular function. The goal of amino
acid disorder screening is early detection and interven-
tion. Errors of amino acid metabolism range from
asymptomatic or benign to life-threatening. In some
cases, management by dietary restriction of the amino
acid(s) involved can prevent damage or symptoms.

Precautions

All neonates should be screened for the most preva-
lent aminoacidurias within a few days of birth. Usually
this includes tests for phenylketonuria, tyrosinemia,
lysinemia, maple syrup urine disease, and homocystin-
uria using a dried spot of blood collected on a paper
card. When an infant displays symptoms such as failure
to thrive, repeated vomiting, or nervous system impair-
ment and an amino acid disorder is suspected, testing
may be done on either plasma or urine. The patient
should be fasting for the blood test. Blood samples are
usually collected by heel puncture. The nurse or phle-
botomist should observe universal precautions for the

106

prevention of transmission of bloodborne pathogens
when collecting the sample. Blood samples show consid-
erable variance depending upon the time of sampling,
and urine testing avoids this problem. Urine testing
should be performed on a first morning voided sample or
a 24-hour urine sample. Some drugs may affect the
results of amino acid tests by certain methods of analysis.
Any medications being given to the patient should be
reported to the laboratory performing the test.
Antibiotics will adversely affect the growth of the bac-
terium used in the Guthrie bioassay test for phenylala-
nine. Mothers of breastfeeding infants should report any
medications they are taking, since these can pass from
mother to child in breast milk.

Description

An enzyme deficiency that blocks the metabolism of
an amino acid is called a primary aminoaciduria. An error
in absorption or transport of an amino acid is called a sec-
ondary aminoaciduria. Both primary and secondary
aminoacidurias may be inherited (congenital) or
acquired. Aminoacidurias may be grouped into two
types, overflow and renal, based on the mechanism by
which the amino acids accumulate. In the overflow type,
the plasma level of one or more amino acids will be
increased (aminoacidemia). The most common overflow
type is phenylketonuria (PKU). The incidence of PKU
varies with race and ethnic origin and there are 5 differ-
ent forms of the disease. The most prevalent is type I
which occurs in approximately 1 in 10,000 births in the
United States, and accounts for about 50% of PKU cases.
Because of its high prevalence all states screen newborns
for PKU. This condition is caused by an inherited defi-
ciency of the enzyme phenylalanine hydroxylase. The
enzyme is needed to convert phenylalanine to tyrosine.
Phenylalanine accumulates in the plasma and is oxidized
by phenylalanine transaminase to phenylpyruvic acid
which is excreted in the urine. Phyenylpyruvic acid is a
ketoacid, hence the name phenylketonuria. Mental retar-
dation occurs as a consequence of PKU, but can be pre-
vented by withholding phenylalanine from the diet. There
are many other primary aminoacidurias. Several are
caused by enzyme deficiencies of the urea cycle. These
give rise to increased blood ammonia levels and an
increase of one or more amino acids.

In renal type aminoacidurias, one or more amino
acids are excreted in excess in the urine but plasma lev-
els are not increased. Some renal type aminoacidurias are
inherited, but many are acquired or secondary to other
diseases. A common inherited renal type aminoaciduria is
cystinuria which results from a defect in the reabsorption
of dibasic aminoacids by the kidney.
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Measurement

Newborn screening for PKU, tyrosinemia, lysine-
mia, maple syrup urine disease, and homocystinuria are
often performed on a spot of whole blood collected from
a heelstick. The test most often used is a bioassay called
the Guthrie test. The test is based upon the ability of
blood with an excess of the respective amino acid
to overcome the effect of a specific inhibitor of the bac-
terium B. subtilis. For example, B. subtilis requires
phenylalanine for growth. The growth of a culture of the
organism can be prevented by adding thienylalanine to
the culture medium. However, if excessive phenylalanine
is present in the blood, it will overcome the effect of the
inhibitor permitting the organism to grow. An alternative
screening procedure for excessive phenylalanine that can
be performed on a blood spot is the measurement of flu-
orescence after extraction and reaction with a reagent
containing ninhydrin.

Young children with acidosis (accumulation of acid
in the body), severe vomiting and diarrhea, or urine with
an abnormal color or odor, are also tested for abnormal
levels of amino acids. The most widely used method is
high-performance liquid chromatography because it sep-
arates and quantifies all amino acids in the sample. Urine
is usually the preferred specimen since it will detect both
overflow and renal type aminoacidurias. The most com-
mon approach is to separate the amino acids on an ion
exchange column using stepwise elution by changing the
pH of the mobile phase. As amino acids emerge from the
column they are reacted with ninhydrin and the
absorbance of derivative formed is measured using a
photometric detector.

Preparation

Before the blood test, the patient must not eat or
drink for at least four hours. Failure to fast will alter the
results of the test. The patient should eat and drink nor-
mally before the urine test.

Aftercare

The patient may feel discomfort when blood is
drawn from a heel capillary or vein. Bruising may occur
at the puncture site or the person may feel dizzy or faint.
Pressure should be applied to the puncture site until the
bleeding stops to reduce bruising. Warm packs can also
be placed over the puncture site to relieve discomfort.

Complications

There are no particular risks associated with either
blood or urine tests for amino acids. Occasionally minor
bruising may occur at the site where the blood was taken.
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KEY TERMS

Amino acid—An organic compound containing
both an amino group and an acidic carboxyl
group; amino acids are the basic building blocks
of proteins.

Aminoacidopathy—A condition involving abnor-
mal amino acid levels in the blood or urine.

Chromatography—A family of laboratory tech-
niques that separate mixtures of chemicals into
their individual components.

Enzyme—A biological catalyst that increases the
rate of a chemical reaction without being used up
in the reaction.

Metabolism—The sum of all the chemical and
energy reactions that take place in the human
body.

Results

Guthrie test results are reported as either positive or
negative. Results of quantitative assay for each amino
acid should be compared to age-related reference ranges.
Representative normal ranges for phenylalanine are
shown below.

* Guthrie test: Negative or less than 2 mg/dL.

 Plasma: neonate 1.2-3.4 mg/dL (40-110 micromol/L)
(premature infant 2.0-7.5 mg/dL).

e Urine: neonate 1.2-1.7 mg/day (0-200 micromol/gram
creatinine).

Heath care team roles

Amino acid tests are ordered and interpreted by a
physician. The heel stick or venipuncture is performed by
a nurse or phelbotomist. Amino acid analysis is per-
formed by a clinical laboratory scientist/medical technol-
ogist. If an aminoacidopathy is suspected, the family is
typically referred to a genetic counselor to discuss prog-
nosis and recurrence risks. DNA tests are available for
prenatal testing of some aminoacidurias.

Resources

BOOKS

Fischbach, Frances. A Manual of Laboratory and Diagnostic
Tests. 5th ed. Philadelphia: Lippincott, 1996.

Scriver, Charles R., et al. The Metabolic and Molecular Bases
of Inherited Disease. 7th ed. New York: McGraw-Hill,
Inc.
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PEROIDICALS

Chace D.H., et al. “Use of Penylalanine-to-Tyrosine Ratio
Determined by Tandem Mass Spectometry to Improve
Newborn Screening for Phenylketonuria of early dis-
charge specimens collected in the first 24 Hours.”
Clinical Chemistry (December 1999): 2405-9.

ORGANIZATIONS

Association for Neuro-Metabolic Disorders (ANMD), PO Box
0202/L.3220, 1500 Women’s Medical Center Drive, Ann
Arbor, MI 48109-0202. (313) 763-4697.

Children’s PKU Network (CPN), 1520 State Street, Suite
#240, San Diego, CA 92101. (619) 233-3202.
magol@gte.net.

National Phenylketonuria Foundation, 6301 Tejas Drive,

Pasadena, TX 77503. (713) 487-4802.
Rachael Brandt, MS

Ammonia (blood) test see Liver function
tests

I Amniocentesis
Definition

Amniocentesis is an optional but reliable procedure
offered to pregnant women in order to obtain more infor-
mation about a developing fetus in the second trimester
of pregnancy. It is primarily offered to pregnant women
who are at increased risk, based on their age, family his-
tory, or other factor, of having a child with a genetic con-
dition. Amniocentesis provides accurate information
about fetal chromosomes or the likelihood of certain
physical abnormalities. Additional specialized studies
may be performed on an as-needed basis. Women who
undergo amniocentesis typically do so either to obtain
reassurance about fetal well-being or, if the results are
abnormal, to plan for the remainder of their prenatal
care. The procedure is associated with a slightly
increased chance for pregnancy loss.

Purpose

Amniocentesis has been considered a standard of
obstetrical care since the 1970s. It is not, however,
offered to all pregnant women. The American College of
Obstetricians and Gynecologists (ACOG) recommends
that amniocentesis be offered to all expectant mothers
age thirty-five and older. This age cut-off has been
selected because advancing maternal age is associated
with an increasing risk of having a baby with a numeri-

108

cal chromosome abnormality. At age 35, this risk is
approximately one in 200 births roughly equivalent to the
risk of pregnancy loss associated with amniocentesis.

Amniocentesis is performed for the following rea-
sons:

e Detection of structural chromosome abnormalities or
an increased number of chromosomes in the fetus when
the mother is in a high risk group. This includes a
maternal age of 35 or more; a mother who is known to
carry an abnormal chromosome such as a 21/14 translo-
cation; family history of chromosome abnormalities; a
genetic disease such as sickle cell anemia for which a
DNA test is available; or abnormal triple marker
screening test for Down syndrome (i.e., a low serum
alpha fetoprotein or estriol or a high chronic
gonadotropin level).

Determination of the sex of the fetus when the mother
is a carrier of an X-linked genetic disease such as
hemophilia.

Confirmation of an elevated maternal serum alpha feto-
protein result. Alpha fetoprotein is increased in amniot-
ic fluid in pregnancies associated with open neural tube
defects such as spina bifida and several other abnor-
malities that allow the fluid to leak from the fetus into
the amniotic fluid.

To evaluate the severity of hemolytic disease of the
newborn (HDN). In this condition, maternal antibodies,
usually anti-Rho (D), cross the placenta and facilitate
destruction of Rh positive fetal red blood cells.

Evaluation of fetal lung maturity (FLM). Respiratory
distress syndrome results from collapse of the infant’s
lungs during expiration if the level of pulmonary sur-
factants is insufficient. This may occur immediately
after birth especially in premature deliveries and when
the mother is a diabetic. Measurement of surfactants
excreted by the fetus into the amniotic fluid is used to
determine the maturity of the fetal lungs.

Evaluation studies of HDN and FLM are performed
in the second half of pregnancy, whereas tests for alpha
fetoprotein (AFP), chromosome karyotyping, and abnor-
mal genes are performed during the first half of pregnan-
cy, typically between weeks 15 and 18.

Precautions

Amniocentesis is associated with a slightly increased
chance of pregnancy loss (approximately 0.5%). Each
woman should discuss the potential risks and benefits of
amniocentesis with a doctor or genetic counselor and
make her own decision about whether or not she desires
this testing.
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Early amniocentesis, or procedures performed
before the thirteenth week of pregnancy, has been asso-
ciated with an increased risk of clubfoot and of proce-
dure-related pregnancy loss. When collecting amniotic
fluid universal precautions should be followed for the
prevention of transmission of bloodborne pathogens.
Bloody fluid or fluid containing meconium may interfere
with the tests for amniotic fluid bilirubin performed to
evaluate the severity of HDN. These substances may also
interfere with the interpretation of some FLM tests such
as the L:S ratio (which is used to determine the level of
the fetus’s lung development). Some tests such as the
amniotic fluid bilirubin test and alpha fetoprotein test
must be interpreted with regard to gestational age.

Description

According to the National Center for Health
Statistics (NCHS), 112,776 amniocentesis procedures
were performed in the United States in 1998, the most
recent year for which data is available. The annual birth
rate that year was approximately 3.9 million infants.
Thus, approximately 3% of pregnant women in the
United States had this procedure performed. It is likely
that this is an underestimate. The NCHS obtains infor-
mation from birth certificates registered in each state and
the District of Columbia. Although almost all deliveries
are registered in the United States, records are still sub-
mitted with incomplete information. It is also not possi-
ble to know how many amniocentesis procedures were
performed for genetic testing, as compared to other
indications, as this information is not requested.

Normal persons have a total of 46 chromosomes in
each body cell, with the exception of sperm or egg cells
that should have only 23. As women get older, there is an
increased risk of producing an egg cell with an extra
chromosome. This leads to an egg cell with 24 chromo-
somes rather than the normal 23. Pregnancies with an
abnormal number of chromosomes are referred to as
aneuploid. Aneuploidy results in a conceptus with either
too much or too little genetic material. This, in turn, leads
to abnormal development. Aneuploidy results from fail-
ure of the chromatids to separate either during meiosis or
in the germ line cells of the embryo. Common effects of
aneuploidy include an increased risk for pregnancy loss
or, in living fetuses, for mental retardation and physical
abnormalities.

Down syndrome is the most common form of aneu-
ploidy in live born infants, occurring in approximately
one in 800 births, regardless of maternal age. The most
common form of Down syndrome is 21 trisomy. One of
the gametes contains an extra chromosome number 21
resulting in three number 21 chromosomes following fer-
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tilization. In women who are 35 years old, the risk of
having a child with Down syndrome is higher, roughly
one in 385 at delivery. It is important to realize that Down
syndrome is not the only chromosome abnormality that
may occur. Other numerical abnormalities are possible,
yielding genetic conditions that may be either more or
less severe than Down syndrome. Thus, a woman is often
at risk, based solely on her age, of having a child with
any type of chromosome abnormality. At age 35, this
total risk is approximately one in 200. By age 40, this risk
has increased to one in 65, and, at age 45, this risk is
one in 20. These numbers reflect the risk at the time of
delivery.

Women younger than 35 years may also have chil-
dren with chromosomal or other genetic disorders.
Therefore, other indications for amniocentesis or other
forms of prenatal diagnosis include a family history of or
a previous child with a known genetic condition, abnor-
mal prenatal screening results, such as ultrasound or a
blood test, or one parent with a previously identified
structural chromosome rearrangement. All of the above
may make it more likely for a couple to have a child with
a genetic condition.

Amniocentesis is the most common invasive prena-
tal diagnosis technique offered to pregnant women. Its
safety and accuracy are well-established, and it is gener-
ally considered the standard by which other prenatal
diagnosis techniques are measured. To perform the pro-
cedure, a doctor inserts a thin needle into the mother’s
uterus and the amniotic sac. A continuous ultrasound
evaluation is typically used so that the doctor can avoid
touching either the baby or the umbilical cord with the
needle. The amniotic sac is made up of two membranes:
the inner amnion and the outer chorion. The amnion and
chorion both develop from the fertilized egg. They are
initially separate but begin to fuse early in pregnancy.
This fusion is usually completed by approximately the
fourteenth to fifteenth week of pregnancy.

Amniocentesis is usually performed in the second
trimester, usually during weeks fifteen to eighteen (mid-
trimester). The amniotic sac holds the fetus suspended
within the amniotic fluid, an almost colorless fluid that
protects the fetus from harm, helps maintain a consistent
temperature, and prevents the fetus, or parts of it, from
becoming attached to the amnion. The amniotic fluid is
produced and absorbed by the fetus and the mother
throughout pregnancy. Fetal cells, primarily derived from
the skin, digestive system, and urinary tract, are sus-
pended within the fluid. A smaller number of cells from
the amnion and placenta are also present. Finally, the
fetus produces a number of different chemical substances
that also pass into the amniotic fluid. One of these sub-
stances is bilirubin, a breakdown product of hemoglobin.
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Amniocentesis is performed at 16—18 weeks of pregnancy. (Delmar Publishers, Inc. Reproduced by permission.)

Bilirubin in amniotic fluid is measured to determine the
extent of fetal red cell destruction in HDN. Pulmonary
surfactants are used in some higher-risk pregnancies to
assess fetal lung maturity, and alpha-fetoprotein is used
to screen for certain structural birth defects.

It is possible to perform amniocentesis in a twin
pregnancy. Amniocentesis in some higher-order pregnan-
cies, such as triplets, has also been reported. In a multi-
ple pregnancy, it is important to ensure that a separate
sample of amniotic fluid is obtained from each fetus. To
accomplish this, a doctor injects a small amount of harm-
less blue dye into the amniotic sac of the first baby after
a sample has been withdrawn. The dye will temporarily
tinge the fluid blue-green. A second needle is inserted
into the next amniotic sac with ultrasound guidance. If
the fluid withdrawn is pale yellow, a sample from the
next fetus has been successfully obtained. Since
monoamniotic twins share the same amniotic sac, the
second sample will be blue.

Chorionic villus sampling

Mid-trimester amniocentesis has been available for
nearly thirty years. Chorionic villus sampling (CVS)
has been available in the United States since the 1980s.
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CVS is usually performed between ten and twelve weeks
of pregnancy. It involves the removal of a small sample
of the developing placenta, or chorionic villi. It has been
an attractive alternative to amniocentesis, particularly for
those women who desire both testing and results earlier
in their pregnancies. Some of the benefits of earlier test-
ing include reassurance sooner in pregnancy and fewer
physical complications following first trimester pregnan-
cy termination, for those couples with abnormal babies
who choose this option. CVS is, however, associated
with a higher risk of miscarriage than mid-trimester
amniocentesis and because it is performed earlier than
amniocentesis more fatal chromosome abnormalities are
detected that would not come to term. At experienced
centers, this risk is approximately 1% (or one in 100).

Early amniocentesis

Early amniocentesis is performed before the thir-
teenth completed week of pregnancy. It has been consid-
ered investigational for many years. The results of the
largest early amniocentesis trial, published in 1998, have,
however, caused physicians worldwide to reconsider the
benefit and risks of this earlier procedure. The Canadian
Early and Mid-trimester Amniocentesis Trial (CEMAT)
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is the largest, multi-center, randomized clinical trial of
early amniocentesis conducted to date. The purpose of
the trial was to examine and compare the safety and
accuracy of early amniocentesis (EA) versus mid-
trimester amniocentesis (MTA). In order to accomplish
this, 4,374 pregnant women were identified and enrolled
in the study. Ultrasound was performed in the first
trimester to confirm the gestational age of all pregnan-
cies. Computer randomization was used to evenly divide
the women into either the EA or MTA groups.
Ultimately, 1,916 women underwent EA and 1,775
women had MTA. Follow-up was obtained on nearly all
pregnancies. Two striking conclusions were reached: EA
is associated with an increased incidence of clubfoot and
an increased risk of procedure-related pregnancy loss.
EA was also linked to an increased number of laboratory
culture failures (no growth of cells and no results) com-
pared to MTA. The total waiting time for results was
slightly longer in the EA group. This is not entirely a sur-
prise. A smaller amount of fluid is obtained when EA is
performed. Hence, there are fewer cells, and culture
times take longer.

Chromosome tests

Genetic testing is available on amniotic fluid
obtained by amniocentesis. The most common test is a
complete analysis of the fetal chromosomes called kary-
otyping. This procedure detects only those chromosome
abnormalities that produce either a structurally abnormal
chromosome (e.g., a long or short arm deletion) or aneu-
ploidy. It does not detect mutations within genes that are
responsible for specific diseases or inborn errors of
metabolism (e.g., cystic fibrosis). However, many
DNA based tests are available that will detect disease
genes that are caused by point mutations (single base
substitutions) within the genes.

After a sample of amniotic fluid is obtained, the
cytogenetic laboratory isolates the cells, referred to as
amniocytes, out of the fluid. The cells are placed into two
or more containers filled with liquid nutrients, establish-
ing different cultures in which the cells will continue to
grow. The cells are cultured anywhere between seven to
10 days before the actual analysis begins. Culture time
can be reduced to five to six days by growing a mono-
layer of fetal cells directly onto a coverglass. Culture is
performed in order to obtain sufficient metaphase cells
and to synchronize the growth of the cells. Cells in
metaphase are selected for analysis because at this stage
the chromatids have duplicated but not separated and the
individual chromosomes are most visible under the
microscope.
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Once there appears to be an adequate number of
cells to study, the cultures are harvested. Harvesting pre-
vents additional cell growth and stops the cells at what-
ever point they were in the cell cycle. Cells are washed,
exposed to hypotonic saline, and fixed with methanol and
acetic acid. The cells are spread on a glass slide, heat
fixed and treated with trypsin and stained with Giemsa or
other chromosome stain. Smears are examined under
400x magnification and the modal chromosome count is
recorded. Large clear metaphase cells are selected for
photography or image analysis using chromosome-sort-
ing software. Chromosomes are classified by size,
centromere position, banding pattern, secondary con-
striction, and satellite appendages. The karyotype or
chromosome map that results identifies translocations,
aneuploidy, deletions, and other abnormalities in the
appearance of the chromosomes. Typically, chromosome
results are available within seven to 14 days after amnio-
centesis. Results may be delayed by slow-growing cul-
tures. This rarely reflects an abnormal result but does
extend the time until final results are available.

Many laboratories now perform a technique called
fluorescence in situ hybridization (FISH) into their chro-
mosome studies. This adjunct testing provides limited
information about certain chromosomes within one to
two days after amniocentesis. It does not replace a com-
plete chromosome study using amniocyte cultures. In
fact, FISH results are often reported as preliminary, pend-
ing confirmation by cultured results. They can, however,
be very useful, particularly when there is already a high
level of suspicion of a fetal chromosome abnormality.

FISH is performed using a small sample of uncul-
tured amniotic fluid cells. Special molecular tags consist-
ing of single-stranded DNA that are attached (covalently
conjugated) to fluorescent dyes are used. Each tag is
bound to a different combination of dyes. When excited
by ultraviolet light, the fluorochromes emit visible light
of characteristic colors. Tags are available that recognize
a specific segment of DNA from chromosomes 13, 18,
21, X, and Y. Abnormalities of these five chromosomes
account for nearly 95% of all chromosomal abnormali-
ties. The cells are prepared onto slides as described for
karyotyping, denatured to separate the DNA strands, and
the probe mixture is added. Each probe hybridizes with
the complementary DNA sequence of the target chromo-
some. When the fetal cells are examined under a fluores-
cent microscope, a small spot of a specific color will
appear on each of these chromosomes. If an extra auto-
somal chromosome is present, three colored spots appear
within the nucleus of the cell instead of two. In addition
to determining sex, FISH detects extra sex chromosomes
such as 47,XXY which is responsible for Klinefelter syn-
drome or the absence of one sex chromosome, and 45,X0
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which is responsible for Turner syndrome. Other chro-
mosomal abnormalities will not be detected unless a full
chromosome evaluation on cultured cells is performed.

A new fluorescent mapping technique called spectral
karyotyping (SKY) is available to aid in identifying
chromosomes. A DNA probe specific for each chromo-
some is tagged with between one to five fluorescent
dyes. Hybridization between the tag and DNA of the spe-
cific chromosome produces a unique color for each one.
Using fluorescent microscopy, and a color camera, the
karyotype showing each of the 24 different colored chro-
mosomes is constructed. Chromosomes in which translo-
cations occur are bi-colored. The color coding facilitates
the identification of the regions of each of the chromo-
somes involved.

DNA tests are offered to those couples who, based
on their family history or other information, are at
increased risk of having a child with a single gene, or
Mendelian, disorder. Testing for disease genes is prima-
rily accomplished using the polymerase chain reaction
(PCR). This technique permits a small segment of DNA
within a gene to be amplified exponentially. Within two
hours, the target DNA sequence can be copied over one
million times, yielding sufficient DNA to identify with a
radiolabeled or enzyme-conjugated probe. An example
of this technique has been applied extensively to the pre-
natal diagnosis of cystic fibrosis. There are over 200 dif-
ferent point mutations identified in the CF gene, a seg-
ment of 27 coding regions called exons. Various probes
may be used to identify most of these. For example,
approximately 85% of all CF genes can be identified in
the North American white population. DNA tests are
available for sickle cell disease, muscular dystrophy,
retinoblastoma, hyperlipoproteinemia, Huntington’s
chorea, Tay-Sachs disease, congenital adrenal hyperpla-
sia, hemophilia, and many other conditions.

Biochemical testing of amniotic fluid is performed
using the same methods as are applied to other body flu-
ids. For example, fluorescence polarization and thin
layer chromatography are techniques used to measure
pulmonary surfactants. Bilirubin in amniotic fluid is ana-
lyzed by direct absorbance measurement using a scan-
ning or diode array spectrophotometer. Bilirubin absorbs
light maximally at 450 nm, and if present in the amniot-
ic fluid, it will produce an absorbance peak at this wave-
length. Hemoglobin contributes to the absorbance peak
by also absorbing light at this wavelength. The interfer-
ence from hemoglobin can be corrected by measuring its
absorbance peak at 410 nm. The contribution of hemo-
globin to the 450 nm peak is equal to 5% of its
absorbance at 410 nm. Therefore, the 5% of the
absorbance at 410 nm is subtracted from the absorbance

112

at 450 nm to determine the corrected absorbance which is
proportional to bilirubin concentration.

Alpha fetoprotein in amniotic fluid is measured by a
sandwich type enzyme immunoassay, the same method
used for maternal blood. AFP is a protein made by the
fetal liver. It passes out of the fetus and enters both the
amniotic fluid and the mother’s blood. Screening for
open neural tube defects, abnormal openings in the fetal
head or spinal cord, or ventral wall defects, openings
along the abdominal wall, can be performed by measur-
ing AFP during the fifteenth to twentieth weeks of preg-
nancy. An unusually high level of serum AFP does not
necessarily indicate a problem with fetal development,
but is cause for some concern. A high AFP level in amni-
otic fluid will detect up to 98% of all openings on the
fetal body that are not covered by skin. Further studies
may be suggested if the AFP is high. Most initial AFP
results are available within two to three days after amnio-
centesis.

Preparation

The usual precautions concerning sterility of the
injection site and sterility of equipment and the hands of
those who will come into contact with a woman must be
taken during amniocentesis.

Counseling must be offered to a woman or couple to
ensure that they fully understand the results of an amnio-
centesis test. Counseling should be offered prior to the
procedure so that a woman or couple can understand the
procedure and slight risk of miscarriage that is associated
with amniocentesis.

Aftercare

Physical care after an amniocentesis procedure
involves the site of needle insertion. It should be kept
clean and dry. Covering the puncture site with a sterile
bandage is usually sufficient.

Mental care after an amniocentesis may be more
important than physical care. Many women or couples
require emotional support and reassurance while they are
waiting for test results. Those receiving abnormal results
often require ongoing support while they weigh options
and make decisions that are appropriate for them. Some
may require long-term support as they adjust to the out-
comes of their decisions.

Complications

Women who have had an amniocentesis often
describe it as uncomfortable, involving some mild pres-
sure or pain as the needle is inserted. Fewer women
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KEY TERMS

Alpha fetoprotein—A protein found in amniotic
fluid that is commonly used to screen for certain
structural birth defects.

Amnion—A thin, transparent membrane that holds
the fetus in the amniotic fluid. The amniotic sac is
sometimes called the bag of waters.

Anesthetic—Drug used to temporarily cause loss
of sensation in an area of the body. An anesthetic
may either be general, associated with a loss of
consciousness, or local, affecting one area only
without loss of consciousness. Anesthetics are
administered via inhalation, topical application or
needle injection.

Aneuploid—A fetus with an abnormal number of
chromosomes.

Chorion—The outer membrane of the amniotic
sac. Chorionic villi develop from its outer surface
early in pregnancy. The villi establish a physical
connection with the wall of the uterus. The chori-
onic villi eventually develop into the placenta.

Chromosome—A linear thread of genetic material
contained within every cell. Humans have 46 chro-
mosomes arranged into 23 distinct pairs. Each par-
ent contributes one set of chromosomes, or 23, to a
child. Changes in the total number of chromo-
somes, the shape and size (structure) of a chromo-
some or the contents of a chromosome may lead to
abnormalities in the amount of genetic material.
These abnormalities often lead to abnormal physi-
cal and mental development.

Conceptus—The product of conception, or the
union of a sperm and egg cell at fertilization.

Cystic fibrosis—An inherited disease characterized
by repeated lung infections, functional abnormali-
ties of the pancreas, and an elevated level of salt in
sweat. Individuals with cystic fibrosis require long-
term aggressive medical care. Survival into adult-
hood is common, in part due to advances in treat-
ment. Death, however, is frequently caused by res-
piratory failure. Although cystic fibrosis is more
common among Caucasians, it has been reported
in individuals of other races.

Down syndrome—A genetic condition character-
ized by moderate to severe mental retardation, a
characteristic facial appearance, and, in some indi-
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viduals, abnormalities of some internal organs.
Down syndrome is always caused by an extra copy
of chromosome 21, thus there are three rather than
the normal two. For this reason, Down syndrome is
also known as trisomy 21.

Fetus—The term used to describe a developing
human infant from approximately the third month
of pregnancy until delivery. The term embryo is
used prior to the third month.

Fibroid—A non-cancerous tumor of connective tis-
sue. It is made up of elongated, threadlike struc-
tures, or fibers, which usually grow slowly and are
contained within an irregular shape. Fibroids are
firm in consistency but may become painful if they
start to break down or apply pressure to areas with-
in the body. They frequently occur in the uterus and
are generally left alone unless growing rapidly or
causing other problems. Surgery is needed to
remove fibroids.

Sickle cell anemia—An hereditary form of anemia
due to abnormal sickle-shaped red blood cells. As
a result, the cells cannot efficiently carry oxygen to
body tissues. Common clinical features of sickle
cell anemia include severe pain in the joints and
abdomen, swelling of the tops of hands and feet,
and fever. Sickle cell anemia is frequently found
among individuals with ancestors who lived in cen-
tral Africa.

Tay-Sachs disease—An inherited biochemical dis-
ease caused by lack of a specific enzyme in the
body. In classical Tay-Sachs disease, previously
normal children become blind and mentally hand-
icapped, develop seizures, and rapidly decline.
Death often occurs between the ages of three to
five years. Tay-Sachs disease is common among
individuals of eastern European Jewish background
but has been reported in other ethnic groups.

Trimester—A three-month period. Human preg-
nancies are normally divided into three trimesters:
first (conception to week 12), second (week 13 to
week 24), and third (week 25 until delivery).

Uterus—A muscular, hollow organ of the female
reproductive tract. The uterus contains and nour-
ishes an embryo or fetus from the time the fertilized
egg is implanted until birth.
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describe it as extremely painful. A local anesthetic may
be used to numb the upper layer of the mother’s skin
prior to testing. This medicine has no effect on the fetus,
but may help the mother feel more comfortable during
the procedure. An experienced physician can, on aver-
age, perform amniocentesis in approximately one to two
minutes.

Common complaints after amniocentesis include
mild abdominal tenderness at the site of needle insertion
or mild cramping. These usually go away within one to
two days. More serious complications are significantly
less common but include leakage of amniotic fluid, vagi-
nal bleeding, or uterine infection. These complications
are estimated to occur in less than 1% of pregnancies. In
some women, complications after amniocentesis may
lead to a miscarriage, or loss of the pregnancy. A
woman’s background risk of having a miscarriage, with-
out amniocentesis, is approximately 2-3% in her second
trimester. In experienced hands, the risk for an amnio-
centesis-related pregnancy loss is estimated to be an
additional 0.25-0.50%, or roughly one in every 200-400
pregnancies.

Much attention is often paid to the physical side
effects of amniocentesis. However, it is important to also
emphasize some of the emotional side effects of amnio-
centesis. Many of these are also applicable to other forms
of prenatal diagnosis.

The offer of prenatal testing is associated with
increased anxiety. This appears to be true whether a
woman knew prenatal testing would be offered to her
during the pregnancy or if it comes about unexpectedly,
as is usually the case following abnormal screening
results. Women to whom genetic amniocentesis is pre-
sented must consider the perceived benefits of testing,
such as the reassurance that comes when results are nor-
mal, and compare them to the possible risks. Examples of
potential risks include not only the risk of a complication
after testing but also the potential burden of knowing that
she will have a child with a serious disability or chronic
medical condition. The nature of the child’s possible
diagnosis is also important. For example, could it lead to
an early death, be more subtle and cause few outward
signs of a problem, or be somewhere in between? There
are few treatments available to correct the hundreds of
known genetic disorders. Couples may wish to consider
whether or not they would consider a termination of the
pregnancy if a serious abnormality were detected. The
definition of serious is often a matter of personal opinion.
A couple’s value system and family history, including
that of other pregnancies and their outcomes, all influ-
ence their decision regarding amniocentesis. Ideally, a
woman and her partner will have discussed at least some
of these issues with each other and with either the
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woman’s doctor or a genetic counselor prior to testing.
The choice to have amniocentesis depends on many fac-
tors and should remain a personal decision.

Results

It is important to emphasize that normal results from
tests performed on amniotic fluid do not necessarily
guarantee the birth of a normal infant. Each couple in the
general population faces a risk of roughly 3-4% of hav-
ing a child with any type of congenital birth defect. Many
of these will not be detected with tests performed on
amniotic fluid samples obtained by amniocentesis.
Babies with birth defects are often born into families with
no history of genetic disorders.

Chromosome karyotyping is interpreted according to
standardized nomenclature, International System of
Cytogenetic Nomenclature (ISCN). The system describes
the number of chromosomes, the sex chromosomes, and
then any abnormalities seen in specific chromosomes
using a numerical system to identify banding characteris-
tics. Bands are numbered starting at the centromere.
Standardized symbols and abbreviations describe the
type of abnormality. For example, a + sign designates an
extra chromosome and 47,XY,+21 designates a male with
an extra chromosome 21. The designation 46,XX,
t(3:5)(q21;p15.2) means that the subject is a female with
a normal number of chromosomes. There is a transloca-
tion (exchange) between chromosomes three and five
involving band 21 of the long arm of number three and
band 15.2 of the short arm of chromosome five.

Amniotic fluid is normally clear or slightly turbid.
The concentration of AFP is reported as multiples of the
median (MOM). Normal values are dependent upon the
sampling time. For example, the median AFP at 15 weeks
is 16.3 micrograms per mL and at 20 weeks is 8.1 micro-
grams per mL. Bilirubin is also time-dependent normally
decreasing during gestation. The concentration should be
below 0.075 mg/dL at 20 weeks and below 0.025 mg/dL
at 40 weeks (full term).

An L:S ratio of 2.0 or higher correlates with fetal
lung maturity. Lecithin greater than 0.10 mg/dL also cor-
relates with fetal lung maturity.

Health care team roles

Actual samples of amniotic fluid or placenta are
obtained by persons with specialized training. These are
usually obstetricians or gynecologists with additional
training. Sonographers assist in amniocentesis. Specially
trained nurses prepare women for amniocentesis.
Cytogenetic technologists, CLSp(CG) perform cell cul-
ture, karyotyping, and DNA analysis of fetal cells.
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Clinical laboratory scientists/medical technologists per-
form biochemical testing, and may also perform DNA
and some molecular tests on fetal cells from the fluid.
Pathologists with special training in genetics interpret
results. Obstetricians or geneticists provide results to a
woman or couple and discuss treatment options that may
be available. Genetic counselors and other mental health
professionals may provide additional support and coun-
seling to a woman or couple after the results of amnio-
centesis have been returned.
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Amphetamines see Central nervous system
stimulants

I Amylase and lipase tests
Definition

Amylase and lipase tests are performed to aid in the
differential diagnosis of acute abdominal pain. Amylase
and lipase are digestive enzymes made by the pancreas.
An enzyme is a protein that accelerates a biochemical
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Amylase and lipase tests

KEY TERMS

Amylase—A digestive enzyme made primarily by
the pancreas and salivary glands.

Enzyme—A substance made and used by the
body to speed up specific chemical reactions
which might otherwise not happen, or might hap-
pen only slowly.

Lipase—A digestive enzyme made primarily by
the pancreas.

Pancreatitis—Inflammation of the pancreas.

reaction. Both enzymes are members of the hydrolase
class, which means that they split a substrate by the addi-
tion of water. Amylase catalyzes the hydrolysis of starch
forming maltose. The maltose can be converted to glu-
cose by other enzymes. Lipase splits triglycerides, form-
ing glycerol and fatty acids as the final product.

Purpose

Epigastric pain and abdominal tenderness associated
with acute appendicitis is difficult to distinguish from
acute pancreatitis. Serial measurements of amylase and
lipase are used to exclude a diagnosis of acute pancreati-
tis when results are within normal limits. One or both
enzymes may be increased in acute pancreatitis, but nei-
ther enzyme is specific. In addition to acute pancreatitis,
amylase is increased mumps, some malignancies, ectopic
pregnancy, alcoholic liver disease, peptic ulcers, intes-
tinal obstruction, and renal failure. Lipase is increased in
renal failure, intestinal obstruction and liver disease. Use
of both enzymes increases diagnostic sensitivity and
specificity to around 90%. Acute pancreatitis is highly
likely when the plasma amylase is increased to more than
twofold normal and lipase is increased more than fivefold
normal. When plasma amylase is increased, but the lipase
is normal, a nonpancreatic condition is almost always the
cause. When amylase is increased more than twofold and
lipase is increased but less than fivefold, renal failure,
pancreatitis, intestinal obstruction, peptic ulcer disease,
and acute pancreatitis are possible causes.

In acute pancreatitis, plasma amylase becomes ele-
vated two to 12 hours after an episode of acute abdomi-
nal pain. Levels peak in 12-72 hours, usually reaching
two to six times the upper limit of normal, then return to
normal by four days. Amylase is a small protein and is
excreted in urine in significant quantities. Urinary amy-
lase rises in parallel with plasma amylase, but reaches
higher levels and remains elevated for seven to 14 days.
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Renal excretion of amylase is increased in pancreatitis,
and the ratio of amylase to creatinine clearance is a more
specific test for acute pancreatitis than is plasma amylase.
Lipase in plasma becomes abnormal four to eight hours
following an episode of acute pancreatitis, reaches a peak
level two to 50 times normal in approximately one day,
and remains elevated for seven to 10 days. Recently,
serum and urine levels of trypsinogen-2 have been shown
to be very sensitive and specific indicators of pancreatits,
but assays are not yet widely available.

Precautions

Blood for measurement of amylase and lipase is col-
lected by venipuncture. The nurse or phlebotomist should
follow standard precautions for the prevention of trans-
mission of bloodborne pathogens. Amylase and lipase
should not be used as screening tests for future pancreat-
ic disease. Neither enzyme is likely to be elevated in
chronic pancreatitis because enzyme production is
decreased by chronic disease. Up to 1% of persons have
increased plasma amylase owing to formation of a com-
plex between amylase and immunoglobulins. This condi-
tion is termed macroamylasemia and it occurs more fre-
quently in the older population. Plasma amylase is ele-
vated above normal, but urinary amylase is low in this
condition. The presence of natural amylase inhibitors in
the diet may decrease plasma amylase activity. Drugs that
may increase amylase include morphine, phenformin,
ethanol, and contraceptives. Lipase may be increased by
ethanol, codeine, and narcotics. Results are dependent
upon the method used and normal values may vary sig-
nificantly between laboratories.

Description

Amylase and lipase tests are usually performed on a
blood sample, but amylase testing can also be performed
on urine. Enzymes are usually measured by determining
the rate of product formation under controlled pH and
temperature. Measurements are reported as units of activ-
ity rather than in mass units. Reference methods for amy-
lase and lipase are labor intensive and difficult to auto-
mate. There are several methods for measuring amylase
and lipase each with its own advantages and disadvan-
tages. A common method of measuring amylase is based
upon the hydrolysis of a synthetic glucose polymer that is
labeled at one end with p-nitrophenol. The amylase splits
the substrate into various subunits of glucose. Subunits
consisting of three glucose molecules are hydrolyzed by
an enzyme in the reagent, alpha-glucosidase, forming glu-
cose and p-nitrophenol. The activity of amylase is pro-
portional to the rate of p-nitrophenol formation. This is
determined by measuring the amount of light that the
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reaction mixture absorbs at 405 nm over a fixed time
interval. Lipase is often measured using a cascade of cou-
pling enzyme reactions that yield a colored product.
Lipase is incubated with a synthetic diglyceride substrate
and splits it forming a monoglyceride and a fatty acid.
The monoglyceride is split by an enzyme in the reagent,
monoglyceride esterase, to yield glycerol. The glycerol is
converted to glycerol-3-phosphate by the enzyme glyc-
erol kinase which attaches a phosphate from adenosine
triphosphate (ATP). The glycerol-3-phosphate is oxidized
by another enzyme, glycerol phosphate oxidase (GPO),
forming dihydroxyacetone phosphate and hydrogen per-
oxide. In the final step, peroxidase catalyzes the oxida-
tion of a dye by the hydrogen peroxide forming a pink
product. The rate of absorbance (color) increase at 500
nm is measured, and is proportional to lipase activity.

Preparation

No special preparation is necessary for a person
undergoing an amylase or lipase test. Urinary amylase is
frequently measured using a timed urine sample. The
patient should be given a urine container with instruc-
tions for collecting the urine at home. The urine should
be refrigerated until it is brought to the laboratory.

Aftercare

Discomfort or bruising may occur at the puncture
site, or the person may feel dizzy or faint. To reduce
bruising, pressure should be applied to the puncture site
until the bleeding stops. Applying warm packs to the
puncture site relieves discomfort.

Complications

Amylase and lipase tests are not associated with
complications.

Results

The normal range will vary depending upon the
method used. Results shown below are representative of
the methods described above performed at 37 degrees C.

 Plasma amylase: 70-200 U/L.
 Plasma lipase: 7-58 U/L.
 Urine amylase: Less than 1200 U/L.

» Amylase creatinine clearance ratio: 1-4%.

Health care team roles

A physician orders and interprets tests for amylase
and lipase. A nurse or phlebotomist usually collects

GALE ENCYCLOPEDIA OF NURSING AND ALLIED HEALTH

blood for amylase and lipase tests by venipuncture. A
nurse educates the patient on the proper collection and
storage of a urine sample, and may also take a drug his-
tory to identify medications which might interfere with
the testing. Drug interference is usually caused by induc-
ing the release of the enzyme from an organ or tissue.
Amylase and lipase tests are performed by a clinical lab-
oratory scientist, CLS(NCA)/ medical technologist,
MT(ASCP) or clinical laboratory technician, CLT(NCA)
or medical laboratory technician, MLT(ASCP).
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I Anaerobic bacteria culture
Definition

An anaerobic bacteria culture is a method used to
grow anaerobes from a clinical specimen. Obligate anaer-
obes are bacteria that can live only in the absence of oxy-
gen. Obligate anaerobes are destroyed when exposed to the
atmosphere for as briefly as 10 minutes. Some anaerobes
are tolerant to small amounts of oxygen. Facultative anaer-
obes are those organisms that will grow with or without
oxygen. The methods of obtaining specimens for anaero-
bic culture and the culturing procedure are performed to
ensure that the organisms are protected from oxygen.

Purpose

Anaerobic bacterial cultures are performed to identi-
fy bacteria that grow only in the absence of oxygen and
which may cause human infection. If overlooked or
killed by exposure to oxygen, anaerobic infections result
in serious consequences such as amputation, organ fail-
ure, sepsis, meningitis, and death. Culture is required to
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Anaerobic bacteria culture

Lid with
O-ring gasket

Clamp with

clamp screw Catalyst

Sodium bicarbonate;
sodium borohydride-
water is added

Anaerobic indicator
(methylene blue)

Anaerobic culture equipment: (A) anaerobic jar with
generating packet and indicator; (B) technologist working
with anaerobic culture. (Delmar Publishers, Inc. R