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PLEASE READ—
IMPORTANT INFORMATION

The Gale Encyclopedia of Surgery is a medical ref-
erence product designed to inform and educate readers
about a wide variety of surgeries, tests, drugs, and other
medical topics. 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 war-

xii

ranties of any kind, including without limitation, war-
ranties of merchantability or fitness for a particular pur-
pose, nor does it guarantee the accuracy, comprehensive-
ness, or timeliness of the information contained in this
product. Readers should be aware that the universe of
medical knowledge is constantly growing and changing,
and that differences of medical opinion exist among au-
thorities.
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INTRODUCTION

The Gale Encyclopedia of Surgery: A Guide for
Patients and Caregivers is a unique and invaluable
source of information for anyone who is considering
undergoing a surgical procedure, or has a loved one in
that situation. This collection of 465 entries provides
in-depth coverage of specific surgeries, diagnostic
tests, drugs, and other related entries. The book gives
detailed information on 265 surgeries; most include
step-by-step illustrations to enhance the reader’s under-
standing of the procedure itself. Entries on related top-
ics, including anesthesia, second opinions, talking to
the doctor, admission to the hospital, and preparing for
surgery, give lay readers knowledge of surgery prac-
tices in general. Sidebars provide information on who
performs the surgery and where, and on questions to
ask the doctor.

This encyclopedia minimizes medical jargon and
uses language that laypersons can understand, while still
providing detailed coverage that will benefit health sci-
ence students.

Entries on surgeries follow a standardized format
that provides information at a glance. Rubrics include:

Definition

Purpose

Demographics

Description

Diagnosis/Preparation

Aftercare

Risks

Normal results

Morbidity and mortality rates

Alternatives

Resources

Inclusion criteria

A preliminary list of surgeries and related topics
was compiled from a wide variety of sources, including
professional medical guides and textbooks, as well as
consumer guides and encyclopedias. Final selection of
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topics to include was made by the executive adviser in
conjunction with the Gale editor.

About the Executive Adviser

The Executive Adviser for the Gale Encyclopedia of
Surgery was Anthony J. Senagore, MD, MS, FACS,
FASCRS. He has published a number of professional ar-
ticles and is the Krause/Lieberman Chair in Laparoscop-
ic Colorectal Surgery, and Staff Surgeon, Department of
Colorectal Surgery at the Cleveland Clinic Foundation in
Cleveland, Ohio.

About the contributors

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

How to use this book

The Gale Encyclopedia of Surgery has been de-
signed with ready reference in mind.

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

* Bold-faced terms within entries and See also terms at
the end of entries direct the reader to related articles.

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

« A list of Key terms is provided where appropriate to
define unfamiliar terms or concepts.

* A sidebar describing Who performs the procedure and
where it is performed is listed with every surgery entry.

* A list of Questions to ask the doctor is provided
wherever appropriate to help facilitate discussion with
the patient’s physician.
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Introduction

» The Resources section directs readers to additional
sources of medical information on a topic. Books, peri-
odicals, organizations, and internet sources are listed.

* A Glossary of terms used throughout the text is col-
lected in one easy-to-use section at the back of book.

* A valuable Organizations appendix compiles useful
contact information for various medical and surgical
organizations.

» A comprehensive General index guides readers to all
topics mentioned in the text.

Graphics

The Gale Encyclopedia of Surgery contains over 230
full-color illustrations, photos, and tables. This includes

xiv

over 160 step-by-step illustrations of surgeries. These il-
lustrations were specially created for this product to en-
hance a layperson’s understanding of surgical procedures.

Licensing

The Gale Encyclopedia of Surgery is available for li-
censing. The complete database is provided in a fielded
format and is deliverable on such media as disk or CD-
ROM. For more information, contact Gale’s Business
Development Group at 1-800-877-GALE, or visit our
website at www.gale.com/bizdev.
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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 ap-
plications, including diagnosis and guidance of treat-
ment procedures. Ultrasound does not use ionizing radi-
ation to produce images, and, in comparison to other di-
agnostic imaging modalities, it is inexpensive, 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 or biliary
tract disease, pancreatic disease, gallstones, spleen dis-
ease, kidney disease, and urinary blockage; evaluation of
ascites; or symptoms of an abdominal aortic 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. Ultra-
sound scanning can help doctors quickly sort through
potential causes when presented with general or am-
biguous symptoms. All of the major abdominal organs
can be studied for signs of disease that appear as
changes in size, shape, or internal structure.
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» Abdominal trauma. After a serious accident such as a
car crash or a fall, internal bleeding from injured ab-
dominal organs is often the most serious threat to sur-
vival. Neither the injuries nor the bleeding may be im-
mediately apparent. Ultrasound is very useful as an ini-
tial scan when abdominal trauma is suspected, and it
can be used to pinpoint the location, cause, and severity
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, ab-
scesses, 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. Sometimes, liver disease manifests
as abnormal laboratory results, such as abnormal liver
function tests. Ultrasound can differentiate between
many of the types and causes of liver malfunction, and
it is particularly good at identifying obstruction of the
bile ducts and cirrhosis, which is characterized by ab-
normal fibrous growths and altered blood flow.

* Pancreatic disease. Inflammation of the pancreas—
caused by, for example, abnormal fluid collections sur-
rounding the organ (pseudocysts)—can be identified by
ultrasound. Pancreatic stones (calculi), which can dis-
rupt proper functioning, can also be detected.

« Gallstones. Gallstones are an extremely common cause
of hospital admissions. In the non-emergency or non-
acute setting, gallstones can present as abdominal pain,
or fatty-food intolerance. These calculi can cause
painful inflammation of the gallbladder and obstruct
the bile ducts that carry digestive enzymes from the
gallbladder and liver to the intestines. Gallstones are
readily identifiable with ultrasound.
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An ultrasound screen shows a patient’s kidney. (Photograph by Brownie Harris. The Stock Market. Reproduced by permission.)

* Spleen disease. The spleen is particularly prone to injury
during abdominal trauma. It may also become painfully
inflamed when infected or cancerous. The spleen can be-
come enlarged with some forms of liver disease.

* 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
proved extremely useful in diagnosing kidney disor-
ders, including blockage and obstruction.

* Abdominal aortic aneurysm. This is a bulging weak
spot in the abdominal aorta, which supplies blood di-
rectly 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 ap-
pendicitis, 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.

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
frequencies between one and 10 megahertz (1-10 MHz).
Higher frequency ultrasound waves produce more de-
tailed images, but they are also more readily absorbed
and so cannot penetrate as deeply into the body. Abdom-
inal ultrasound imaging is generally performed at fre-
quencies between 2—5 MHz.

An ultrasound scanner consists of two parts: the
transducer 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 electricity that is produced when you put pressure on
certain crystals such as quartz.) These ceramic chips
react to electric pulses by producing sound waves (trans-
mitting) and react to sound waves by producing electric
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 puls-
es, and sends them to the data processing unit—a com-
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puter that organizes the data into an image on a televi-
sion 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 re-
ceived can be plotted on the screen as a distance into the
body. (The longer it takes to receive the echo, the farther
away the reflective surface must be.) 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, which is the most
common use, a linear array of transducers simultane-
ously 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 se-
quence on screen enables doctors to see and measure
range of motion, as the organ boundaries that produce re-
flections move relative to the probe. M-mode ultrasound
has been put to particular use in studying heart motion.

Doppler mode. Doppler ultrasonography includes the
capability of accurately measuring velocities of moving
material, such as blood in arteries and veins. The prin-
ciple is the same as that used in radar guns that mea-
sure the speed of a car on the highway. Doppler capa-
bility is most often combined with B-mode scanning to
produce images of blood vessels from which blood
flow can be directly measured. This technique is used
extensively to investigate valve defects, arteriosclero-
sis, and hypertension, particularly in the heart, but also
in the abdominal aorta and the portal vein of the liver.

The actual procedure for a patient undergoing an ab-
dominal 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 ab-
domen to allow the ultrasound probe to glide easily
across the skin and to better transmit and receive ultra-
sonic pulses. The probe is moved around the abdomen’s
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surface to obtain different views of the target areas. The
patient will likely be asked to change positions 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 condition 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’s bedside and between hos-
pital departments, are the most common configuration
and range in cost from $100,000 to over $250,000, de-
pending on the scanning features purchased.

Preparation

A patient undergoing abdominal ultrasound will be
advised by his or her physician about what to expect and
how to prepare. As mentioned above, preparations gener-
ally include fasting.

Aftercare

In general, no aftercare related to the abdominal ul-
trasound procedure itself is required. Discomfort during
the procedure is minimal.

Risks

Properly performed, ultrasound imaging is virtually
without risk or side effects.

Results

As a diagnostic imaging technique, a normal abdomi-
nal 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 abdomi-
nal 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.

Ultrasound scanning should be performed by a reg-
istered and trained ultrasonographer, either a technolo-
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KEY TERMS

Accessory organ—A lump of tissue adjacent to an
organ that is similar to it, but which serves no im-
portant purpose (if it functions at all). While not
necessarily harmful, such organs can cause prob-
lems if they are confused with a mass, or in rare
cases, if they grow too large or become cancerous.

Ascites—Free fluid in the abdominal cavity.

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 (the plural form) are
formed by the accumulation of excess mineral salts
and other organic material such as blood or mu-
cous. They can cause problems by lodging in and
obstructing the proper flow of fluids, such as bile
to the intestines or urine to the bladder.

Cirrhosis—A chronic liver disease characterized
by the degeneration of proper functioning—jaun-
dice is often an accompanying symptom. Causes
of cirrhosis include hepatitis, alcoholism, and
metabolic diseases.

Common bile duct—The branching passage
through which bile—a necessary digestive en-
zyme—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 de-
tailed two-dimensional images of soft-tissue struc-
tures, such as the brain or abdomen. CT scans are
the chief competitor to ultrasound and can yield
higher quality images not disrupted by bone or
gas. They are, however, more cumbersome, time

gist 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.

consuming, and expensive to perform, and they
use ionizing radiation.

Doppler—The Doppler effect refers to the appar-
ent change in frequency of sound-wave echoes re-
turning 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.

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
number of vibrations per second. Within the audi-
ble range, frequency means pitch—the higher the
frequency, 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 ra-
diation—x rays, gamma rays, and beta rays—are
potentially ionizing. Sound waves physically vi-
brate 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 immedi-
ate cause, but the underlying cause could be as
simple as obstruction of the common bile duct by
a gallstone or as serious as pancreatic cancer. Ul-
trasound 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 con-
dition 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 fa-
cilitates the recognition of abnormal morphologies
as symptoms of underlying conditions.
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Abdominal wall defect repair
Definition

Abdominal wall defect repair is a surgery performed
to correct one of two birth defects of the abdominal wall:
gastroschisis or omphalocele. Depending on the defect
treated, the procedure is also known as omphalocele re-
pair/closure or gastroschisis repair/closure.

Purpose

For some unknown reason, while in utero, the ab-
dominal wall muscles do not form correctly. And, when
the abdominal wall is incompletely formed at birth, the
internal organs of the infant can either protrude into the

GALE ENCYCLOPEDIA OF SURGERY

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Abdominal wall defect surgery is performed by a
pediatric surgeon. A pediatric surgeon is special-
ized in the surgical care of children. He or she
must have graduated from medical school, and
completed five years of postgraduate general
surgery training in an accredited training pro-
gram. A pediatric surgeon must complete an ad-
ditional accredited two-year fellowship program
in pediatric surgery and be board-eligible or
board-certified in general surgery. (Board certifi-
cation is granted when a fully trained surgeon has
taken and passed first a written, then an oral ex-
amination.) Once the general surgery boards are
passed, a fellowship-trained pediatric surgeon be-
comes eligible to take the Pediatric Surgery exam-
ination. Other credentials may include member-
ship in the American College of Surgeons, the
American Pediatric Surgical Association, and/or
the American Academy of Pediatrics. Each of
these organizations require that fellows meet
well-established standards of training, clinical
knowledge, and professional conduct.

If prenatal screening indicates that abdomi-
nal wall defects are present in the fetus, delivery
should occur at a hospital with an intensive care
nursery (NICU) and a pediatric surgeon on staff.

umbilical cord (omphalocele) or to the side of the navel
(gastroschisis). The size of an omphalocele varies—
some are very small, about the size of a ping pong ball,
while others may be as big as a grapefruit. Omphalocele
repair is performed to repair the omphalocele defect in
which all or part of the bowel and other internal organs
lie on the outside of the abdomen in a hernia (sac). Gas-
troschisis repair is performed to repair the other abdomi-
nal wall defect through which the bowel thrusts out with
no protective sac present. Gastroschisis is a life-threaten-
ing condition that requires immediate medical interven-
tion. Surgery for abdominal wall defects aims to return
the abdominal organs back to the abdominal cavity, and
to repair the defect if possible. It can also be performed
to create a pouch to protect the intestines until they are
inserted back into the abdomen.

Demographics

Abdominal wall defects occurs in the United States
at a rate of one case per 2,000 births, which means that
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Abdominal wall defect repair

QUESTIONS TO ASK
THE DOCTOR

e What will happen when my baby is born?

e Does my baby have any other birth defects?
e What are my baby’s chances of full recovery?
e Will my baby have a “belly button”?

e How many abdominal wall defect surgeries
do you perform each year?

e How many infants have you operated during
your practice?

some 2,360 cases are diagnosed per year. Mothers below
the age of 20 are four times as likely as mothers in their
late twenties to give birth to affected babies.

Description

Abdominal wall defect surgery is performed soon
after birth. The protruding organs are covered with
dressings, and a tube is inserted into the stomach to
prevent the baby from choking or breathing in the con-
tents of the stomach into the lungs. The surgery is per-
formed under general anesthesia so that the baby will
not feel pain. First, the pediatric surgeon enlarges the
hole in the abdominal wall in order to examine the
bowel for damage or other birth defects. Damaged por-
tions of the bowel are removed and the healthy bowel is
reconnected with stitches. The exposed organs are re-
placed within the abdominal cavity, and the opening is
closed. Sometimes closure of the opening is not possi-
ble, for example when the abdominal cavity is too
small or when the organs are too large or swollen to
close the skin. In such cases, the surgeon will place a
plastic covering pouch, commonly called a silo because
of its shape, over the abdominal organs on the outside
of the infant to protect the organs. Gradually, the or-
gans are squeezed through the pouch into the opening
and returned to the body. This procedure can take up to
a week, and final closure may be performed a few
weeks later. More surgery may be required to repair the
abdominal muscles at a later time.

Diagnosis/Preparation

Prenatal screening can detect approximately 85% of
abdominal wall defects. Gastroschisis and omphalocele
are usually diagnosed by ultrasound examinations before
birth. These tests can determine the size of the abdomi-
nal wall defect and identify the affected organs. The
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surgery is performed immediately after delivery, as soon
as the newborn is stable.

Aftercare

After surgery, the infant is transferred to an intensive
care unit (ICU) and placed in an incubator to keep warm
and prevent infection. Oxygen is provided. When organs
are placed back into the abdominal cavity, this may in-
crease pressure on the abdomen and make breathing diffi-
cult. In such cases, the infant is provided with a breathing
tube and ventilator until the swelling of the abdominal or-
gans has decreased. Intravenous fluids, antibiotics, and
pain medication are also administered. A tube is also
placed in the stomach to empty gastric secretions. Feed-
ings are started very slowly, using a nasal tube as soon as
bowel function starts. Babies born with omphaloceles can
stay in the hospital from one week to one month after
surgery, depending on the size of the defect. Babies are
discharged from the hospital when they are taking all
their feedings by mouth and gaining weight.

Risks

The risks of abdominal wall repair surgery include
peritonitis and temporary paralysis of the small bowel. If
a large segment of the small intestine is damaged, the
baby may develop short bowel syndrome and have diges-
tive problems.

Normal results

In most cases, the defect can be corrected with
surgery. The outcome depends on the amount of damage
to the bowel.

Morbidity and mortality rates

The size of the abdominal wall defect, the extent to
which organs protrude out of the abdomen, and the pres-
ence of other birth defects influence the outcome of the
surgery. The occurrence of other birth defects is uncom-
mon in infants with gastroschisis, and 85% survive. Ap-
proximately half of the babies diagnosed with omphalo-
cele have heart defects or other birth defects, and ap-
proximately 60% survive to age one.

Alternatives

Gastroschisis is a life-threatening condition requir-
ing immediate surgical intervention. There is no alterna-
tive to surgery for both gastroschisis and omphalocele.

Resources
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KEY TERMS

Abdomen—The portion of the body that lies be-
tween the thorax and the pelvis. It contains a cavi-
ty with many organs.

Amniotic membrane—A thin membrane that con-
tains the fetus and the protective amniotic fluid
surrounding the fetus.

Anesthesia—A combination of drugs administered
by a variety of techniques by trained professionals
that provide sedation, amnesia, analgesia, and im-
mobility adequate for the accomplishment of the
surgical procedure with minimal discomfort, and
without injury, to the patient.

Gastroschisis—A defect of the abdominal wall
caused by rupture of the amniotic membrane or by
the delayed closure of the umbilical ring. It is usual-
ly accompanied by protrusion of abdomen organs.

Hernia—The protrusion or thrusting forward of an
organ or tissue through an abnormal opening into
the abdominal sac.

Omphalocele—A hernia that occurs at the navel.

Peritonitis—Inflammation of the membrane lining
the abdominal cavity. It causes abdominal pain
and tenderness, constipation, vomiting, and fever.

Short bowel syndrome—A condition in which di-
gestion and absorption in the small intestine are
impaired.

Ultrasound—An imaging technology that that
allow various organs in the body to be examined.

Umbilical ring—An opening through which the
umbilical vessels pass in the fetus; it is closed after
birth and its site is indicated by the navel.

PERIODICALS
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Abdominoplasty
Definition

Also known as a tummy tuck, abdominoplasty is a
surgical procedure in which excess skin and fat in the ab-
dominal area is removed and the abdominal muscles are
tightened.

Purpose

Abdominoplasty is a cosmetic procedure that treats
loose or sagging abdominal skin, leading to a protruding
abdomen that typically occurs after significant weight
loss. Good candidates for abdominoplasty are individu-
als in good health who have one or more of the above
conditions and who have tried to address these issues
with diet and exercise with little or no results.

Women who have had multiple pregnancies often
seek abdominoplasty as a means of ridding themselves
of loose abdominal skin. While in many cases diet and
exercise are sufficient in reducing abdominal fat and
loose skin after pregnancy, in some women these condi-
tions may persist. Abdominoplasty is not recommended
for women who wish to have further pregnancies, as the
beneficial effects of the surgery may be undone.

Another common reason for abdominoplasty is to
remove excess skin from a person who has lost a large
amount of weight or is obese. A large area of overhang-
ing skin is called a pannus. Older patients are at an in-
creased risk of developing a pannus because skin loses
elasticity as one ages. Problems with hygiene or wound
formation can result in a patient who has multiple hang-
ing folds of abdominal skin and fat. If a large area of ex-
cess tissue is removed, the procedure is called a pan-
niculectomy.

In some instances, abdominoplasty is performed si-
multaneously or directly following gynecologic surgery
such as hysterectomy (removal of the uterus). One study
found that the removal of a large amount of excess ab-
dominal skin and fat from morbidly obese patients dur-
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Abdominoplasty

Abdominoplasty (tummy tuck) surgery. Portions of the lower abdominal tissues have been removed and the navel reposi-
tioned. The remaining skin flaps will be sutured. (Photography by MM Michele Del Guercio. Reproduced by permission.)

ing gynecologic surgery results in better exposure to the
operating field and improved wound healing.

Contraindications

Certain patients should not undergo abdominoplas-
ty. Poor candidates for the surgery include:
* Women who wish to have subsequent pregnancies.

e Individuals who wish to lose a large amount of weight
following surgery.

« Patients with unrealistic expectations (those who think
the surgery will give them a “perfect” figure).

» Those who are unable to deal with the post-surgical
scars.

* Patients who have had previous abdominal surgery.

» Heavy smokers.

Demographics

According to the American Academy of Plastic
Surgeons, in 2001 there were approximately 58,567 ab-
dominoplasties performed in the United States, relating
to 4% of all plastic surgery patients and less than 0.5%
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of all plastic surgery procedures. Female patients ac-
counted for 97% of all abdominoplasties. Most patients
were between the ages of 35 and 50 (58%), with pa-
tients under 35 accounting for 20% and patients over 50
accounting for 22%. Eighty-two percent of all plastic
surgery patients during 2001 were white, 7% were His-
panic, 5% were African American, and 5% were Asian
American.

Description

The patient is usually placed under general anesthesia
for the duration of surgery. The advantages to general
anesthesia are that the patient remains unconscious during
the procedure, which may take from two to five hours to
complete; no pain will be experienced nor will the patient
have any memory of the procedure; and the patient’s mus-
cles remain completely relaxed, lending to safer surgery.

Once an adequate level of anesthesia has been
reached, an incision is made across the lower abdomen.
For a complete abdominoplasty, the incision will stretch
from hipbone to hipbone. The skin will be lifted off the
abdominal muscles from the incision up to the ribs, with
a separate incision being made to free the umbilicus
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(belly button). The vertical abdominal muscles may be
tightened by stitching them closer together. The skin is
then stretched back over the abdomen and excess skin
and fat are cut away. Another incision will be made
across the stretched skin through which the umbilicus
will be located and stitched into position. A temporary
drain may be placed to remove excess fluid from beneath
the incision. All incisions are then stitched closed and
covered with dressings.

Individuals who have excess skin and fat limited to
the lower abdomen (i.e., below the navel) may be candi-
dates for partial abdominoplasty. During this procedure,
the muscle wall is not tightened. Rather, the skin is
stretched over a smaller incision made just above the
pubic hairline and excess skin is cut away. The incision
is then closed with stitches. The umbilicus is not reposi-
tioned during a partial abdominoplasty; its shape, there-
fore, may change as the skin is stretched downward.

Additional procedures

In some cases, additional procedures may be per-
formed during or directly following abdominoplasty. Li-
posuction, also called suction lipectomy or lipoplasty, is
a technique that removes fat that cannot be removed by
diet or exercise. During the procedure, which is generally
performed in an outpatient surgical facility, the patient is
anesthetized and a hollow tube called a cannula is insert-
ed under the skin into a fat deposit. By physical manipu-
lation, the fat deposit is loosened and sucked out of the
body. Liposuction may be used during abdominoplasty to
remove fat deposits from the torso, hips, or other areas.
This may create a more desired body contour.

Some patients may choose to undergo breast aug-
mentation, reduction, or lift during abdominoplasty.
Breast augmentation involves the insertion of a silicone-
or saline-filled implant into the breast, most often behind
the breast tissue or chest muscle wall. A breast reduc-
tion may be performed on patients who have large
breasts that cause an array of symptoms such as back
and neck pain. Breast reduction removes excess breast
skin and fat and moves the nipple and area around the
nipple (called the areola) to a higher position. A breast
lift, also called a mastopexy, is performed on women
who have low, sagging breasts, often due to pregnancy,
nursing, or aging. The surgical procedure is similar to a
breast reduction, but only excess skin is removed; breast
implants may also be inserted.

Breast reconstruction

A modified version of abdominoplasty may be used
to reconstruct a breast in a patient who has undergone
mastectomy (surgical removal of the breast, usually as a

GALE ENCYCLOPEDIA OF SURGERY

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Abdominoplasty is usually performed by a plas-
tic surgeon, a medical doctor who has complet-
ed specialized training in the repair or recon-
struction of physical defects or the cosmetic en-
hancement of the human body. In order for a
plastic surgeon to be considered board certified
by the American Board of Plastic Surgery, he or
she must meet a set of strict criteria (including a
minimum of five years of training in general
surgery and plastic surgery) and pass a series of
examinations. The procedure may be performed
in a hospital operating room or a specialized
outpatient surgical facility.

treatment for cancer). Transverse rectus abdominis my-
ocutaneous (TRAM) flap reconstruction may be per-
formed at the time of mastectomy or as a later, separate
procedure. Good candidates for the surgery include
women who have had or will have a large portion of
breast tissue removed and also have excess skin and fat
in the lower abdominal region. Women who are not in
good health, are obese, have had a previous abdomino-
plasty, or wish to have additional children are not consid-
ered good candidates for TRAM flap reconstruction.

The procedure is usually performed in three separate
steps. The first step is the TRAM flap surgery. In a pro-
cedure similar to traditional abdominoplasty, excess skin
and fat is removed from the lower abdomen, then
stitched into place to create a breast. The construction of
a nipple takes place several months later to enable to the
tissue to heal adequately. Finally, once the new breast
has healed and softened, tattooing may be performed to
add color to the constructed nipple.

Costs

Because abdominoplasty is considered to be an elec-
tive cosmetic procedure, most insurance policies will not
cover the procedure, unless it is being performed for
medical reasons (for example, if an abdominal hernia is
the cause of the protruding abdomen).

A number of fees must be taken into consideration
when calculating the total cost of the procedure. Typically,
fees include those paid to the surgeon, the anesthesiolo-
gist, and the facility where the surgery is performed. If li-
posuction or breast surgery is to be performed, additional
costs may be incurred. The average cost of abdominoplas-
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Abdominoplasty

QUESTIONS TO ASK
THE DOCTOR

* How long have you been practicing plastic
surgery?

e Are you certified by the American Board of
Plastic Surgeons?

e How many abdominoplasties have you per-
formed, and how often?

e What is your rate of complications?
* How extensive will the post-surgical scars be?
* What method of anesthesia will be used?

* What are the costs associated with this pro-
cedure?

e Will my insurance pay for part or all of the
surgery?

* Do you provide revision surgery (i.e., if | ex-
perience suboptimal results)?

ty is $6,500, but may range from $5,000-9,000, depend-
ing on the surgeon and the complexity of the procedure.

Diagnosis/Preparation

There are a number of steps that the patient and
plastic surgeon must take before an abdominoplasty may
be performed. The surgeon will generally schedule an
initial consultation, during which a physical examina-
tion will be performed. The surgeon will assess a num-
ber of factors that may impact the success of the surgery.
These include:

» the patient’s general health

« the size and shape of the abdomen and torso
« the location of abdominal fat deposits

« the patient’s skin elasticity

» what medications the patient may be taking

It is important that the patient come prepared to ask
questions of the surgeon during the initial consultation.
The surgeon will describe the procedure, where it will be
performed, associated risks, the method of anesthesia and
pain relief, any additional procedures that may be per-
formed, and post-surgical care. The patient may also meet
with a staff member to discuss how much the procedure
will cost and what options for payment are available.

The patient will also receive instructions on how to
prepare for abdominoplasty. Certain medications should
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be avoided for several weeks before and after the surgery;
for example, medications containing aspirin may inter-
fere with the blood’s ability to clot. Because tobacco can
interfere with blood circulation and wound healing,
smokers are recommended to quit for several weeks be-
fore and after the procedure. A medicated antibacterial
soap may be prescribed prior to surgery to decrease levels
of bacteria on the skin around the incision site.

Aftercare

The patient may remain in the hospital or surgical fa-
cility overnight, or return home the day of surgery after
spending several hours recovering from the procedure
and anesthesia. Before leaving the facility, the patient will
receive the following instructions on post-surgical care:

* For the first several days after surgery, it is recom-
mended that the patient remain flexed at the hips (i.e.,
avoid straightening the torso) to prevent unnecessary
tension on the surgical site.

» Walking as soon as possible after the procedure is rec-
ommended to improve recovery time and prevent blood
clots in the legs.

» Mild exercise that does not cause pain to the surgical
site is recommended to improve muscle tone and de-
crease swelling.

* The patient should not shower until any drains are re-
moved from the surgical site; sponge baths are permitted.

» Work may be resumed in two to four weeks, depending
on the level of physical activity required.

Surgical drains will be removed within one week
after abdominoplasty, and stitches from one to two
weeks after surgery. Swelling, bruising, and pain in the
abdominal area are to be expected and may last from two
to six weeks. Recovery will be faster, however, in the pa-
tient who is in good health with relatively strong abdom-
inal muscles. The incisions will remain a noticeable red
or pink for several months, but will begin to fade by nine
months to a year after the procedure. Because of their lo-
cation, scars should be easily hidden under clothing, in-
cluding bathing suits.

Risks

There are a number of complications that may arise
during or after abdominoplasty. Complications are more
often seen among patients who smoke, are overweight,
are unfit, have diabetes or other health problems, or have
scarring from previous abdominal surgery. Risks inher-
ent to the use of general anesthesia include nausea, vom-
iting, sore throat, fatigue, headache, and muscle sore-
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In an abdominoplasty, or tummy tuck, an incision is made in the abdomen (usually from hip bone to hip bone). Excess skin
and fat is removed (B). The muscles may be tightened (C). The navel will be placed into the proper position (D), and the major

incision closed beneath it. (/llustration by GGS Inc.)

ness; more rarely, blood pressure problems, allergic reac-
tion, heart attack, or stroke may occur.
Risks associated with the procedure include:
* bleeding
» wound infection
* delayed wound healing
« skin or fat necrosis (death)
» hematoma (collection of blood in a tissue)
» seroma (collection of serum in a tissue)
« blood clots

* pulmonary embolism (a blood clot that travels to the
lungs)

GALE ENCYCLOPEDIA OF SURGERY

e numbness to the abdominal region or thighs (due to
damage to nerves during surgery)

Normal results

In most cases, abdominoplasty is successful in provid-
ing a trimmer abdominal contour in patients with excess
skin and fat and weak abdominal muscles. A number of fac-
tors will influence how long the optimal results of ab-
dominoplasty will last, including age, skin elasticity, and
physical fitness. Generally, however, good results will be
long-lasting if the patient remains in good health, maintains
a stable weight, and exercises regularly. One study survey-
ing patient satisfaction following abdominoplasty indicated
that 95% felt their symptoms (excess skin and fat) were im-
proved, 86% were satisfied with the results of the surgery,
and 86% would recommend the procedure to a friend.

11
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KEY TERMS

Abdominal hernia—A defect in the abdominal wall
through which the abdominal organs protrude.

Morbidly obese—A term defining individuals who
are more thatn 100 Ib (45 kg) over their ideal body
weight.

Morbidity and mortality rates

The overall rate of complications associated with
abdominoplasty is approximately 32%. This percentage,
however, is higher among patients who are overweight;
one study placed the complication rate among obese pa-
tients at 80%. Rates are also higher among patients who
smoke or are diabetic. The rate of major complications
requiring hospitalization has been reported at 1.4%.

Alternatives

Before seeking abdominoplasty, an individual will
want to be sure that loose and excess abdominal skin and
fat cannot be decreased through a regimen of diet and
exercise. Abdominoplasty should not be viewed as an al-
ternative to weight loss. In fact, some doctors would sug-
gest that a patient be no more than 15% over his or her
ideal body weight in order to undergo the procedure.

Liposuction is a surgical alternative to abdomino-
plasty. There are several advantages to liposuction. It is
less expensive (an average of $2,000 per body area treat-
ed compared to $6,500 for abdominoplasty). It also is as-
sociated with a faster recovery, a need for less anesthesia,
a smaller rate of complications, and significantly smaller
incisions. What liposuction cannot do is remove excess
skin. Liposuction is a good choice for patients with local-
ized deposits of fat, while abdominoplasty is a better
choice for patients with excess abdominal skin and fat.
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Abortion, induced
Definition

Induced abortion is the intentional termination of a
pregnancy before the fetus can live independently. An
abortion may be elective (based on a woman’s personal
choice) or therapeutic (to preserve the health or save the
life of a pregnant woman).

Purpose

An abortion may be performed whenever there is
some compelling reason to end a pregnancy. An abortion
is termed “induced” to differentiate it from a sponta-
neous abortion in which the products of conception are
lost naturally (also called a miscarriage).

An abortion is considered to be elective if a woman
chooses to end her pregnancy, and it is not for maternal
or fetal health reasons. Some reasons a woman might
choose to have an elective abortion are:
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« Continuation of the pregnancy may cause emotional or
financial hardship.

» The woman is not ready to become a parent.
* The pregnancy was unintended.

» The woman is pressured into having one by her partner,
parents, or others.

* The pregnancy was the result of rape or incest.

A therapeutic abortion is performed in order to pre-
serve the health or save the life of a pregnant woman. A
health care provider might recommend a therapeutic abor-
tion if the fetus is diagnosed with significant abnormalities
or not expected to live, or if it has died in utero. Therapeu-
tic abortion may also be used to reduce the number of fe-
tuses if a woman is pregnant with multiples; this proce-
dure is called multifetal pregnancy reduction (MFPR).

A therapeutic abortion may be indicated if a woman
has a pregnancy-related health condition that endangers
her life. Some examples of such conditions include:

« severe hypertension (high blood pressure)

« cardiac disease

« severe depression or other psychiatric conditions
« serious kidney or liver disease

« certain types of infection

« malignancy (cancer)

 multifetal pregnancy

Demographics

Abortion has been a legal procedure in the United
States since 1973. Since then, more than 39 million abor-
tions have taken place. It is estimated that approximately
1.3—1.4 million abortions occur in the United States an-
nually. Induced abortions terminate approximately half
of the estimated three million unplanned pregnancies
each year and approximately one-fifth of all pregnancies.

In 2000 an estimated 21 out of 1,000 women aged
15—44 had an abortion. Out of every 100 pregnancies that
year that ended in live birth or abortion, approximately 24
were elective terminations. The highest abortion rates in
2000 occurred in New Jersey, New York, California,
Delaware, Florida, and Nevada (greater than 30 per 1,000
women of reproductive age). Kentucky, South Dakota,
Wyoming, Idaho, Mississippi, Utah, and West Virginia
had the lowest rates (less than seven per 1,000 women).

In 2000 and 2001, the highest percentage of abor-
tions were performed on women between the ages of 20
and 30, with women ages 20-24 having the highest rate
(47 per 1,000 women). Adolescents ages 15—19 account-
ed for 19% of elective abortions, while 25% were per-
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formed on women older than 30. Approximately 73% of
women having an abortion had previously been preg-
nant; 48% of those had a previous abortion.

Non-hispanic, white women reported the highest
percentage of abortions in 2000 and 2001 (41%). African
American women accounted for 32%, Hispanic women
for 20%, Asian and Pacific Islander women for 6%, and
Native American women for 1%. The highest abortion
rates occurred among African American women (49 per
1,000 women), with Hispanic and Asian women also re-
porting higher-than-average rates (33 and 31 per 1,000
women, respectively). The rate was the lowest among
white women (13 per 1,000 women).

Description

Abortions are safest when performed within the first
six to 10 weeks after the last menstrual period (LMP).
This calculation is used by health care providers to deter-
mine the stage of pregnancy. About 90% of women who
have abortions do so in the first trimester of pregnancy
(before 13 weeks) and experience few complications.
Abortions performed between 13 and 24 weeks (during
the second trimester) have a higher rate of complica-
tions. Abortions after 24 weeks are extremely rare and
are usually limited to situations where the life of the
mother is in danger.

Although it is safer to have an abortion during the
first trimester, some second trimester abortions may be
inevitable. The results of genetic testing are often not
available until 16 weeks gestation. In addition, women,
especially teens, may not have recognized the pregnancy
or come to terms with it emotionally soon enough to
have a first trimester abortion. Teens make up the largest
group having second trimester abortions.

Very early abortions cost between $200 and $400.
Later abortions cost more. The cost increases about $100
per week between the thirteenth and sixteenth week.
Second trimester abortions are much more costly be-
cause they often involve more risk, more services, anes-
thesia, and sometimes a hospital stay. Private insurance
carriers may or may not cover the procedure. Federal law
prohibits federal funds (including Medicaid) from being
used to pay for an elective abortion.

Medical abortions

Medical abortions are brought about by taking med-
ications that end the pregnancy. The advantages of a first
trimester medical abortion are:

» The procedure is non-invasive; no surgical instru-
ments are used.

* Anesthesia is not required.
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Abortion, induced

Uterus

Vagina

Curette

~“ : __
Weighted retractor

Dilatation and curettage up to 10 weeks gestation

Uterus

Dilatation and evacuation for fetus
over 10 weeks gestation

Weighted retractor

A dilatation and curettage is used to perform an abortion up to 10 weeks gestation (A). Over 10 weeks, the physician may
use dilatation and evacuation to achieve the abortion (B). (lllustration by GGS Inc.)
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* Drugs are administered either orally or by injection.

« The outcome resembles a natural miscarriage.
Disadvantages of a medical abortion are:

« The effectiveness decreases after the seventh week.

* The procedure may require multiple visits to the doctor.

* Bleeding after the abortion lasts longer than after a sur-
gical abortion.

« The woman may see the contents of her womb as it is
expelled.

As of 2003, two drugs were available in the United
States to induce abortion: methotrexate and mifepristone.

METHOTREXATE. Methotrexate (Rheumatrex) targets
rapidly dividing fetal cells, thus preventing the fetus
from further developing. It is used in conjunction with
misoprostol (Cytotec), a prostaglandin that stimulates
contractions of the uterus. Methotrexate may be taken up
to 49 days after the first day of the last menstrual period.

On the first visit to the doctor, the woman receives
an injection of methotrexate. On the second visit, about a
week later, she is given misoprostol tablets vaginally to
stimulate contractions of the uterus. Within two weeks,
the woman will expel the contents of her uterus, ending
the pregnancy. A follow-up visit to the doctor is neces-
sary to assure that the abortion is complete.

With this procedure, a woman will feel cramping and
may feel nauseated from the misoprostol. This combina-
tion of drugs is approximately 92-96% effective in end-
ing pregnancy. Approximately 50% of women will expe-
rience the abortion soon after taking the misoprostol;
35-40% will have the abortion up to seven days later.

Methotrexate is not recommended for women with
liver or kidney disease, inflammatory bowel disease,
clotting disorders, documented immunodeficiency, or
certain blood disorders.

MIFEPRISTONE. Mifepristone (RU-486), which goes
by the brand name Mifeprex, works by blocking the ac-
tion of progesterone, a hormone needed for pregnancy to
continue. It was approved by the Food and Drug Admin-
istration (FDA) in September 2000 as an alternative to
surgical abortion. Mifepristone can be taken up to 49
days after the first day of a woman’s last period.

On the first visit to the doctor, a woman takes a
mifepristone pill. Two days later she returns and, if the
miscarriage has not occurred, takes two misoprostol
pills, which causes the uterus to contract. Approximately
10% will experience the abortion before receiving the
dose of misoprostol.

Within four days, 90% of women have expelled the
contents of their uterus and completed the abortion. With-
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

An induced abortion must be done under the
supervision of a physician. Under normal cir-
cumstances, the abortion is performed by a li-
censed obstetrician or gynecologist. In some
states, however, advanced clinicians such as
nurse practitioners, certified nurse midwives, or
physician assistants can perform an abortion
under the direct supervision of a physician.

Most women are able to have abortions at
clinics or outpatient facilities if the procedure is
performed early in pregnancy and the woman
is in relatively good health. Women with heart
disease, previous endocarditis, asthma, lupus
erythematosus, uterine fibroid tumors, blood
clotting disorders, poorly controlled epilepsy,
or some psychological disorders usually need
to be hospitalized in order to receive special
monitoring and medications during the proce-
dure. In 2000 over 93% of abortions were per-
formed in a clinic setting; clinics accounted for
nearly half (46%) of all abortion providers.
Hospitals were the site of 5% of abortions (ac-
counting for 33% of abortion providers), while
only 3% of abortions were performed at physi-
cian offices (21% of abortion providers).

in 14 days, 95-97% of women have completed the abor-
tion. A third follow-up visit to the doctor is necessary to
confirm through observation or ultrasound that the proce-
dure is complete. In the event that it is not, a surgical
abortion is performed. Studies show that 4.5-8% of
women need surgery or a blood transfusion after taking
mifepristone, and the pregnancy persists in about 1%.
Surgical abortion is then recommended because the fetus
may be damaged. Side effects include nausea, vaginal
bleeding, and heavy cramping. The bleeding is typically
heavier than a normal period and may last up to 16 days.

Mifepristone is not recommended for women with
ectopic pregnancy or an intrauterine device (IUD), or
those who have been taking long-term steroidal therapy,
have bleeding abnormalities, or on blood-thinners such
as Coumadin.

Surgical abortions

MANUAL VACUUM ASPIRATION. Up to 10 weeks
gestation, a pregnancy can be ended by a procedure
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QUESTIONS TO ASK
THE DOCTOR

e What abortion options are available to me
based on my stage of pregnancy?

e What are the short- and long-term complica-
tions of the procedure?

e What type of pain relief/anesthesia is avail-
able to me?

* Who can be in the procedure room with me?

¢ What will the abortion cost? What do the fees
include?

e Is pre-abortion counseling offered?

* How is follow-up or emergency care provid-
ed?

* Does the doctor who will perform the abor-
tion have admitting privileges at a hospital in
case of a problem?

called manual vacuum aspiration (MVA). This procedure
is also called menstrual extraction, mini-suction, or early
abortion. The contents of the uterus are suctioned out
through a thin plastic tube that is inserted through the
cervix; suction is applied by a syringe. The procedure
generally lasts about 15 minutes.

A 1998 study of women undergoing MVA indicated
that the procedure was 99.5% effective in terminating
pregnancy and was associated with a very low risk of
complications (less than 1%). Menstrual extractions are
safe, but because the amount of fetal material is so small
at this stage of development, it is easy to miss. This re-
sults in an incomplete abortion that means the pregnancy
continues.

DILATATION AND SUCTION CURETTAGE. Dilation
and suction curettage may also be called D & C, suction
dilation, vacuum curettage, or suction curettage. The
procedure involves gentle stretching of the cervix with a
series of dilators or specific medications. The contents of
the uterus are then removed with a tube attached to a
suction machine, and walls of the uterus are cleaned
using a narrow loop called a curette.

Advantages of an abortion of this type are:
« It is usually done as a one-day outpatient procedure.
* The procedure takes only 10—15 minutes.
* Bleeding after the abortion lasts five days or less.

» The woman does not see the products of her womb
being removed.
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Disadvantages include:
* The procedure is invasive; surgical instruments are used.
¢ Infection may occur.

The procedure is 97-99% effective. The amount of
discomfort a woman feels varies considerably. Local
anesthesia is often given to numb the cervix, but it does
not mask uterine cramping. After a few hours of rest, the
woman may return home.

DILATATION AND EVACUATION. Some second tri-
mester abortions are performed as a dilatation and evacu-
ation (D & E). The procedures are similar to those used
in a D & C, but a larger suction tube must be used be-
cause more material must be removed. This increases the
amount of cervical dilation necessary and increases the
risk and discomfort of the procedure. A combination of
suction and manual extraction using medical instruments
is used to remove the contents of the uterus.

OTHER SURGICAL OPTIONS. Other surgical proce-
dures are available for performing second trimester abor-
tions, although are rarely used. These include:

» Dilatation and extraction (D & X). The cervix is pre-
pared by means similar to those used in a dilatation and
evacuation. The fetus, however, is removed mostly in-
tact although the head must be collapsed to fit through
the cervix. This procedure is sometimes called a par-
tial-birth abortion. The D & X accounted for only
0.17% of all abortions in 2000.

* Induction. In this procedure, an abortion occurs by
means of inducing labor. Prior to induction, the patient
may have rods inserted into her cervix to help dilate it
or receive medications to soften the cervix and speed
up labor. On the day of the abortion, drugs (usually
prostaglandin or a salt solution) are injected into the
uterus to induce contractions. The fetus is delivered
within eight to 72 hours. Side effects of this procedure
include nausea, vomiting, and diarrhea from the
prostaglandin, and pain from uterine contractions.
Anesthesia of the sort used in childbirth can be given to
reduce pain. Many women are able to go home a few
hours after the procedure.

» Hysterotomy. A surgical incision is made into the
uterus and the contents of the uterus removed through
the incision. This procedure is generally used if induc-
tion methods fail to deliver the fetus.

Diagnosis/Preparation

The doctor must know accurately the stage of a
woman’s pregnancy before an abortion is performed. The
doctor will ask the woman questions about her menstrual
cycle and also do a physical examination to confirm the
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stage of pregnancy. This may be done at an office visit
before the abortion or on the day of the abortion.

Pre-abortion counseling is important in helping a
woman resolve any questions she may have about having
the procedure. Some states require a waiting period (most
often of 24 hours) following counseling before the abor-
tion may be obtained. Most states require parental con-
sent or notification if the patient is under the age of 18.

Aftercare

Regardless of the method used to perform the abor-
tion, a woman will be observed for a period of time to
make sure her blood pressure is stable and that bleeding
is controlled. The doctor may prescribe antibiotics to re-
duce the chance of infection. Women who are Rh nega-
tive (lacking genetically determined antigens in their red
blood cells that produce immune responses) should be
given an injection of human Rh immune globulin
(RhoGAM) after the procedure unless the father of the
fetus is also Rh negative. This prevents blood incompati-
bility complications in future pregnancies.

Bleeding will continue for about five days in a surgi-
cal abortion and longer in a medical abortion. To de-
crease the risk of infection, a woman should avoid inter-
course, tampons, and douches for two weeks after the
abortion.

A follow-up visit is a necessary part of the woman’s
aftercare. Contraception will be offered to women who
wish to avoid future pregnancies, because menstrual pe-
riods normally resume within a few weeks.

Risks

Complications from abortions can include:
« uncontrolled bleeding
* infection
* blood clots accumulating in the uterus
* atear in the cervix or uterus
« missed abortion (the pregnancy is not terminated)

e incomplete abortion where some material from the
pregnancy remains in the uterus

Women who experience any of the following symp-
toms of post-abortion complications should call the clin-
ic or doctor who performed the abortion immediately:

* severe pain
» fever over 100.4°F (38.2°C)

« heavy bleeding that soaks through more than one sani-
tary pad per hour
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KEY TERMS

Curette—A spoon-shaped instrument used to re-
move tissue from the inner lining of the uterus.

Endocarditis—An infection of the inner mem-
brane lining of the heart.

Fibroid tumors—Non-cancerous (benign) growths
in the uterus; they occur in 30-40% of women
over age 40 and do not need to be removed un-
less they are causing symptoms that interfere with
a woman’s normal activities.

Lupus erythematosus—A chronic inflammatory
disease in which inappropriate immune system re-
actions cause abnormalities in the blood vessels
and connective tissue.

Prostaglandin—Responsible for various hormonal
reactions such as muscle contraction.

Rh negative—Lacking the Rh factor, genetically
determined antigens in red blood cells that pro-
duce immune responses. If an Rh negative woman
is pregnant with an Rh positive fetus, her body
will produce antibodies against the fetus’s blood,
causing a disease known as Rh disease. Sensitiza-
tion to the disease occurs when the women’s
blood is exposed to the fetus’s blood. Rh immune
globulin (RhoGAM) is a vaccine that must be
given to a woman after an abortion, miscarriage,
or prenatal tests in order to prevent sensitization
to Rh disease.

« foul-smelling discharge from the vagina

* continuing symptoms of pregnancy

Normal results

Usually the pregnancy is ended without complica-
tion and without altering future fertility.

Morbidity and mortality rates

Serious complications resulting from abortions per-
formed before 13 weeks are rare. Of the 90% of women
who have abortions in this time period, 2.5% have minor
complications that can be handled without hospitaliza-
tion. Less than 0.5% have complications that require a
hospital stay. The rate of complications increases as the
pregnancy progresses.

Only one maternal death occurs per 530,000 abor-
tions performed at eight weeks gestation or less; this in-
creases to one death per 17,000 abortions performed
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from 16 to 20 weeks, and one death per 6,000 abortions
performed over 20 weeks.

Alternatives

Adoption is an option for pregnant women who do
not want to raise a child but are unwilling or unable to
have an abortion. Adoption agencies, crisis pregnancy
centers, family service agencies, family planning clinics,
or state social service agencies are available for women to
contact for more information about the adoption process.
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Abscess incision and drainage
Definition

An abscess is an infected skin nodule containing
pus. It may need to be drained via an incision (cut) if the
pus does not resolve with treatment by antibiotics. This
allows the pus to escape, the infection to be treated, and
the abscess to heal.

Purpose

An abscess is a pus-filled sore, usually caused by a
bacterial infection. The pus is comprised of both living
and dead organisms. It also contains destroyed tissue
due to the action of white blood cells that were carried
to the area to fight the infection. Abscesses are often
found in the soft tissue under the skin such as the armpit
or the groin. However, they may develop in any organ,
and are commonly found in the breast and gums. Ab-
scesses are far more serious and call for more specific
treatment if they are located in deep organs such as the
lung, liver, or brain.

Because the lining of an abscess cavity tends to in-
terfere with the amount of drug that can penetrate the
source of infection from the blood, the cavity itself may
require draining. Once an abscess has fully formed, it
often does not respond to antibiotics. Even if the antibi-
otic does penetrate into the abscess, it does not function
as well in that environment.

Demographics

Abcess drainage is a minor and common surgical
procedure that is often performed in a professional med-
ical office. Accurate records concerning the number of
procedures are kept in private medical office rather than
hospital records. For these reasons, it is impossible to ac-
curately tally the number of abscess incision and
drainage procedures performed in a year. The procedure
increases in frequency with increasing age.
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Abscess incision and drainage (Lung)

Incision

Rib

Lung

Sutures

Suction tube

—
=~

Drainage tube

This lung abscess is a build-up of fluid near the lung (A). To drain it, the patient is placed on his or her side, and an incision
is made (B). A rib is exposed (C) and cut (D). The fluid in the abscess is suctioned (E), and the incision is closed around a
temporary drainage tube (F). (/llustration by GGS Inc.)

Description or by leaving the cavity open to the skin. The size of the
A doctor will cut into the lining of an abscess, al- incision depends on the volume of the abscess and how
lowing the pus to escape either through a drainage tube quickly the pus is encountered.
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Abscess incision and drainage

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Abscesses are most commonly incised and
drained by general surgeons. Occasionally, a
family physician or dermatologist may drain a
superficial abscess. These procedures may be
performed in a professional office or in an out-
patient facility. The skin and surrounding area
may be numbed by a topical anesthetic.

Brain abscesses are usually drained by neu-
rosurgeons. Thoracic surgeons drain abscesses in
the lung. Otolaryngologists drain abscesses in the
neck. These procedures are performed in a hospi-
tal operating room. General anesthesia is used.

Cells normally formed for the surface of the skin
often migrate into an abscess. They line the abscess cavi-
ty. This process is called epithelialization. This lining
prevents drugs from reaching an abscess. It also pro-
motes recurrence of the abscess. The lining must be re-
moved when an abscess is drained to prevent recurrence.

Once an abscess is opened, the pus drained, and the
epithelial lining removed, the doctor will clean and irrigate
the wound thoroughly with saline. If it is not too large or
deep, the doctor may simply pack the abscess wound with
gauze for 2448 hours to absorb the pus and discharge.

If it is a deeper abscess, the doctor or surgeon may
insert a drainage tube after cleaning out the wound. Once
the tube is in place, the surgeon closes the incision with
simple stitches and applies a sterile dressing. Drainage is
maintained for several days to help prevent the abscess
from reforming. The tube is removed, and the abscess al-
lowed to finish closing and healing.

Diagnosis/Preparation

An abscess can usually be diagnosed visually, al-
though an imaging technique such as a computed tomog-
raphy (CT) scan or ultrasound may be used to confirm
the extent of the abscess before drainage. Such proce-
dures may also be needed to localize internal abscesses
such as those in the abdominal cavity or brain.

Prior to incision, the skin over an abscess will be
cleansed by swabbing gently with an antiseptic solution.

Aftercare

Much of the pain around an abscess will be gone
after the surgery. Healing is usually very rapid. After the
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QUESTIONS TO ASK
THE DOCTOR

e How many abscess incision and drainage
procedures has the physician performed?

e What is the physician’s complication rate?

drainage tube is removed, antibiotics may be continued
for several days. Applying heat and keeping the affected
area elevated may help relieve inflammation.

Risks

Any scarring is likely to become much less notice-
able as time goes on, and eventually become almost in-
visible. Occasionally, an abscess within a vital organ
(such as the brain) damages enough surrounding tissue
that there is some permanent loss of normal function.

Other risks include incomplete drainage and pro-
longed infection. Occasionally, an abscess may require a
second incision and drainage procedure. This is fre-
quently due to retained epithelial cells that line the ab-
scess cavity.

Normal results

Most abscesses heal after drainage alone. Others
may require more prolonged drainage and antibiotic
drug treatment.

Morbidity and mortality rates

Morbidity associated with an abscess incision and
drainage is very uncommon. Post-surgical problems are
usually associated with infection or an adverse reaction
to antibiotic drugs prescribed. Mortality is virtually un-
known.

Alternatives

There is no reliable alternative to surgical incision
and drainage of an abscess. Heat alone may cause small
superficial abscesses to resolve. The degree of epithelial-
ization usually determines if the abscess reappears.

See also Incision care; Wound care.
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KEY TERMS

White blood cells—Cells that protect the body
against infection.
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Acetaminophen
Definition

Acetaminophen is a medicine used to relieve pain
and reduce fever.

Purpose

Acetaminophen is used to relieve many kinds of
minor aches and pains, including headaches, muscle
aches, backaches, toothaches, menstrual cramps, arthri-
tis, and the aches and pains that often accompany colds.
It is suitable for control of pain following minor surgery,
or for post-surgical pain after the need for stronger
pain relievers has been reduced. Acetaminophen is also
used in combination with narcotic analgesics both to in-
crease pain relief and reduce the risk that the narcotics
will be abused.

Description

This drug is available without a prescription. Aceta-
minophen (APAP) is sold under various brand names, in-
cluding Tylenol, Panadol, Aspirin-Free Anacin, and
Bayer Select Maximum Strength Headache Pain Relief
Formula. Many multi-symptom cold, flu, and sinus med-
icines also contain acetaminophen. Persons are advised
to check the ingredients listed on the container to see if
acetaminophen is included in the product.

Acetaminophen is also included in some prescription-
only combinations. These usually contain a narcotic in ad-
dition to acetaminophen; it is combined with oxycodone
in Percocet, and is included in Tylenol with Codeine.

Studies have shown that acetaminophen relieves pain
and reduces fever about as well as aspirin. But differences
between these two common drugs exist. Acetaminophen is
less likely than aspirin to irritate the stomach. However,
unlike aspirin, acetaminophen does not reduce the red-
ness, stiffness, or swelling that accompany arthritis.
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Acetaminophen

Recommended dosage

The usual dosage for adults and children age 12 and
over is 325-650 mg every four to six hours as needed.
No more than 4 g (4,000 mg) should be taken in 24
hours. Because the drug can potentially harm the liver,
people who drink alcohol in large quantities should take
considerably less acetaminophen and possibly should
avoid the drug completely.

For children ages six to 11 years, the usual dose is
150-300 mg, three to four times a day. People are ad-
vised to check with a physician for dosages for children
under six years of age.

Precautions

A person should never take more than the recom-
mended dosage of acetaminophen unless told to do so by
a physician or dentist.

Because acetaminophen is included in both pre-
scription and non-prescription combinations, it is impor-
tant to check the total amount of acetaminophen taken
each day from all sources in order to avoid taking more
than the recommended maximum dose.

Patients should not use acetaminophen for more
than 10 days to relieve pain (five days for children) or for
more than three days to reduce fever, unless directed to
do so by a physician. If symptoms do not go away, or if
they get worse, the patient should contact a physician.
Anyone who drinks three or more alcoholic beverages a
day should check with a physician before using this drug
and should never take more than the recommended
dosage. People who already have kidney or liver disease
or liver infections should also consult with a physician
before using the drug. Women who are pregnant or
breastfeeding should also consult with a physician be-
fore using acetaminophen.

Smoking cigarettes may interfere with the effective-
ness of acetaminophen. Smokers may need to take high-
er doses of the medicine, but should not take more than
the recommended daily dosage unless told to do so by a
physician.

Many drugs can interact with one another. People
should consult a physician or pharmacist before combin-
ing acetaminophen with any other medicine, and they
should not use two different acetaminophen-containing
products at the same time, unless instructed by a physi-
cian or dentist.

Some products, such as Nyquil, contain aceta-
minophen in combination with alcohol. While these
products are safe for people who do not drink alcoholic
beverages, people who consume alcoholic drinks regu-
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larly, even in moderation, should use extra care before
using acetaminophen-alcohol combinations.

Acetaminophen interferes with the results of some
medical tests. Before having medical tests done, a person
should check to see whether taking acetaminophen
would affect the results. Avoiding the drug for a few days
before the tests may be necessary.

Side effects

Acetaminophen causes few side effects. The most
common one is lightheadedness. Some people may expe-
rience trembling and pain in the side or the lower back.
Allergic reactions do occur in some people, but they are
rare. Anyone who develops symptoms such as rash,
swelling, or difficulty breathing after taking aceta-
minophen should stop taking the drug and get immediate
medical attention. Other rare side effects include yellow
skin or eyes, unusual bleeding or bruising, weakness, fa-
tigue, bloody or black stools, bloody or cloudy urine,
and a sudden decrease in the amount of urine.

Overdoses of acetaminophen may cause nausea,
vomiting, sweating, and exhaustion. Very large overdos-
es can cause liver damage. In case of an overdose, a per-
son is advised to get immediate medical attention.

Interactions

Acetaminophen may interact with a variety of other
medicines. When this happens, the effects of one or both
of the drugs may change or the risk of side effects may
be greater. Among the drugs that may interact with ac-
etaminophen are alcohol, non-steroidal anti-inflammato-
ry drugs (NSAIDs) such as Motrin, oral contraceptives,
the anti-seizure drug phenytoin (Dilantin), the blood-
thinning drug warfarin (Coumadin), the cholesterol-low-
ering drug cholestyramine (Questran), the antibiotic Iso-
niazid, and zidovudine (Retrovir, AZT). People should
check with a physician or pharmacist before combining
acetaminophen with any other prescription or nonpre-
scription (over-the-counter) medicine.
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Griffith, H.W., and S. Moore. 2001 Complete Guide to Pre-
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Publishing Group, 2001.
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GALE ENCYCLOPEDIA OF SURGERY



KEY TERMS

Arthritis—Inflammation of the joints; the condi-
tion causes pain and swelling.

Fatigue—Physical or mental weariness.

Inflammation—A response to irritation, infection,
or injury, resulting in pain, redness, and swelling.

www.fda.gov/cder/foi/nda/2000/75077_Acetaminophen.
pdf>.

“Acetaminophen.” Medline Plus Drug Information. [cited May
2003] <http://www.nlm.nih.gov/medlineplus/druginfo/
medmaster/a681004.html>.

“Acetaminophen, Systemic.” Medline Plus Drug Information.
[cited May 2003] <http://www.nlm.nih.gov/medlineplus/
druginfo/uspdi/202001.html>.

Nancy Ross-Flanigan
Sam Uretsky

Acid reducers see Gastric acid inhibitors

Adenoidectomy
Definition

An adenoidectomy is the surgical removal of the
adenoids—small lumps of tissue that lie in the back of
the throat behind the nose.

Purpose

The adenoids are removed if they block breathing
through the nose and if they cause chronic earaches or
deafness. The adenoids consist of lymphoid tissue—
white blood cells from the immune system. They are lo-
cated near the tonsils, two other lumps of similar lym-
phoid tissue. In childhood, adenoids and tonsils are be-
lieved to play a role in fighting infections by producing
antibodies that attack bacteria entering the body through
the mouth and nose. In adulthood however, it is unlikely
that the adenoids are involved in maintaining health, and
they normally shrink and disappear. Between the ages of
two and six, the adenoids can become chronically infect-
ed, swelling up and becoming inflamed. This can cause
breathing difficulties, especially during sleep. The
swelling can also block the eustachian tubes that connect

GALE ENCYCLOPEDIA OF SURGERY

the back of the throat to the ears, leading to hearing
problems until the blockage is relieved. The purpose of
an adenoidectomy is thus to remove infected adenoids.
Since they are often associated with infected tonsils, they
are often removed as part of a combined operation that
also removes the tonsils, called a T&A (tonsillectomy
and adenoidectomy).

Demographics

Demographics information is difficult to provide be-
cause adenoidectomy is routinely performed in an outpa-
tient setting, for which demographic data are not well
recorded. Good information is available from the 1970s
and 1980s when the surgery was performed in an inpa-
tient setting. In the United States in 1971, more than one
million combined T&As, tonsillectomies alone, or ade-
noidectomies alone were performed, with 50,000 of
these procedures consisting of adenoidectomy alone. In
1987, 250,000 combined or single procedures were per-
formed, with 15,000 consisting of adenoidectomy alone.
Now, almost all adenoidectomies are performed on an
outpatient basis unless other medical problems require
hospital admission or an overnight stay. T&A is consid-
ered the most common major surgical procedure in the
United States.

Description

An adenoidectomy is performed under general anes-
thesia. The surgeon removes the adenoids from behind
the palate. Stitches are usually not required.

Excision through the mouth

The adenoids are most commonly removed through
the mouth after placing an instrument to open the mouth
and retract the palate. A mirror is used to see the ade-
noids behind the nasal cavity. Several instruments can
then be used to remove the adenoids.

« Curette removal. The most common method of removal
is using the adenoid curette, an instrument that has a
sharp edge in a perpendicular position to its long han-
dle. Various sizes of curettes are available.

* Adenoid punch instrument. An adenoid punch is a
curved instrument with a chamber that is placed over
the adenoids. The chamber has a knife blade sliding-
door to section off the adenoids that are then housed in
the chamber and removed with the instrument.

» Magill forceps. A Magill forceps is a curved instrument
used to remove residual adenoid, usually located deep-
er in the posterior nasal cavity, after attempted removal
with curettes or adenoid punches.
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Adenoidectomy

Adenoidectomy

Adenoids

Adenoids

Adenoids

Cauterizing
Tool

Patient’s mouth is held open with tubes (A). A mirror is used to visualize the adenoids during the procedure (B). The ade-
noids are removed with a side-to-side or front-to-back motion (C). Bleeding is controlled with a cauterizing tool (D). (/llustra-

tion by GGS Inc.)

« Electrocautery with a suction Bovie. The adenoids can
also be removed by electrocautery with a suction
Bovie, an instrument with a hollow center to suction
blood and a rim of metal to achieve coagulation.

e Laser. The Nd:YAG laser has also been used to remove
the adenoids. However, this technique has caused scar-
ring of tissue and is usually avoided.

Excision through the nose

Adenoids may also be removed through the nasal
cavity with a surgical suction instrument called a mi-
crodebrider. With this procedure, bleeding is controlled
either with packing or suction cautery.

Diagnosis/Preparation

The primary methods used to determine whether
adenoids need removal are:

» medical history

* physical examination
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« throat bacterial cultures
* X rays
« blood tests

When the patient arrives at the hospital or the day-
surgery unit, a nurse or a doctor will ask questions
concerning the patient’s general health to make sure he
or she is fit to undergo surgery. They will also check
that the patient has not had anything to eat or drink and
will record pulse and blood pressure. The doctor or
nurse must be informed if the patient has had any aller-
gic or unusual reactions to drugs in the past. The pa-
tient will be asked to put on a hospital gown and to re-
move any loose orthodontic braces, false teeth, and
jewelry. In the past, an adenoidectomy usually called
for an overnight stay in hospital. However, it is in-
creasingly more common to have this operation on an
outpatient basis, meaning that the patient goes home
on the same day. The surgery is usually performed
early in the morning to allow a sufficient observation
period after the operation.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

An adenoidectomy is performed by an ENT
(ear, nose, and throat) board-certified surgeon.

Aftercare

After surgery, the patient wakes up in the recovery
area and is given medication to reduce swelling and pain.
When the patient has recovered from surgery, he or she is
sent home and usually given a week’s course of antibiotics
to be taken by mouth. The patient may also develop a sore
throat, especially when swallowing or speaking, or moder-
ate pain at the back of the nose and throat, for which pain
medication is prescribed. Normally, the pain goes away
after a week. A child who has undergone an adenoidecto-
my should rest at home for at least one week to avoid pos-
sible infections at school. Swimming should not be al-
lowed for at least 10 days after the operation. If there is any
sign of bleeding or infection (fever, increased pain), the
treating physician should be immediately contacted.

Risks

Risks and complications include those generally as-
sociated with surgery and anesthesia. Very few complica-
tions are known to occur after this operation, except, very
rarely, bleeding (which occurs in 0.4% of cases). Bleeding
is more a concern with a very young child because he or
she often will not notice. For this reason, a child is always
kept in observation at the hospital or clinic for a few hours
after the operation. If bleeding does occur, the surgeon
may insert a pack of gauze into the nose to stop the blood
flow for subsequent removal after a day or two. The other
possible complications are those associated with any oper-
ation, including infection of the operated area, which may
result in light bleeding, increased pain, and fever. Infec-
tion is usually treated with antibiotics and bed rest.

Normal results

Adenoidectomy is an operation that has very good
outcomes, and patients are expected to make a full and
quick recovery once the initial pain has subsided. Ade-
noid tissue rarely regrows, but some instances have been
reported. The exact mechanism is unknown but may be
related to incomplete removal.

Alternatives

There is no good evidence supporting any curative
non-surgical therapy for chronic infection of the adenoid.

GALE ENCYCLOPEDIA OF SURGERY

QUESTIONS TO ASK
THE DOCTOR

* What are the possible complications in-
volved in this type of surgery?

e Should the tonsils be removed as well?
 Could my child outgrow the problem?

* How are adenoids removed in your clinic/
hospital?

e [s there a special diet to be followed after the
operation?

* How much adenoidectomies do you perform
each year?

Antibiotics have been used for as long as six weeks in
lymphoid tissue infection, but with failure to eradicate the
bacteria. With reported incidences of drug-resistant bac-
teria, use of long-term antibiotics is not a recommended
alternative to surgical removal of infected adenoids.

Some studies indicate some benefit from using topi-
cal nasal steroids. Studies show that while using the med-
ication, the adenoids may shrink up to 10% and help re-
lieve nasal blockage. However, once the steroid medica-
tion is stopped, the adenoids can again enlarge and con-
tinue to cause symptoms. In a child with nasal obstructive
symptoms, a trial of topical nasal steroid spray and saline
spray may be attempted for controlling symptoms.
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Admission to the hospital

KEY TERMS

Adenoids—Small lumps of lymphoid tissue near
the tonsils on the walls of the upper throat behind
the nose.

Anesthesia—A combination of drugs administered
by a variety of techniques by trained professionals
that provide sedation, amnesia, analgesia, and im-
mobility adequate for the accomplishment of the
surgical procedure with minimal discomfort, and
without injury, to the patient.

Antibodies—Proteins that are produced normally
by specialized white blood cells after stimulation
by a foreign substance (antigen) and that act specif-
ically against the antigen in an immune response.

Electrocautery—The cauterization of tissue using
electric current to generate heat.

Immune system—Mechanism that protects the
body from foreign substances, cells and pathogens
by producing the immune response, a concerted
defense involving the thymus, spleen, lymph
nodes, white blood cells including the B cells and
T cells, and antibodies.

Lymphoid tissue—Tissue that contains white
blood cells of the immune system.

Tonsillectomy—Surgical removal of the tonsils.

Tonsils—Two lumps of lymphoid tissue located on
either side of the back of the throat.
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Admission to the hospital
Definition

Hospital admission involves staying at a hospital for
at least one night or more.

Purpose

Staying in the hospital overnight is done because the
individual is too sick to stay at home, requires 24-hour
nursing care, and/or is receiving medications and under-
going tests and/or surgery that can only be performed in
the hospital setting.

Description

An individual may be admitted to the hospital for a
positive experience, such as having a baby, or because they
are undergoing an elective surgery or procedure, or be-
cause they are being admitted through the emergency de-
partment. Being admitted through the emergency depart-
ment is the most stressful of these circumstances because
the event is unexpected and may be a major life crisis.

Before the person is taken to their room, admitting
procedures are performed. The person’s personal data is
recorded and entered into the hospital’s computer sys-
tem. This data may include:

* name
* address

» home and work telephone number
« date of birth

* place of employment

* occupation

« emergency contact information, or the names and tele-
phone numbers of those individuals the hospital should
contact if the person being admitted needs emergency
care or their condition worsens significantly

* insurance coverage
« reason for hospitalization
» allergies to medications or foods

» religious preference, including whether or not one
wishes a clergy member to visit
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There may be several forms to fill out. One form
may be a detailed medical and medication history. This
history will include past hospitalizations and surgeries.
Having this information readily available will make the
process move faster, and can allow a family member or
friend who is accompanying the person to help fill out the
forms more easily. The hospital may ask if there are any
advance directives. This refers to forms that have been
filled out indicating what medical decisions one wants
others to make on their behalf. One form is called a living
will and clearly tells which specific resuscitation efforts
the person does or does not want to have performed on
them in order to save or extend their life. Another form
may be a durable power to attorney. This is a form stating
whom the patient wishes to make medical decisions for
them if they themselves are unable to do so, such as if
they are in a coma. Some hospitals have blank forms that
the individual can use to make these designations, others
may just ask if the forms have been filled out, and if so to
add a copy of them into the person’s medical record.
They are considered legally binding, and an attorney can
assist in filling them out. During the time spent in admit-
ting, a plastic bracelet will be placed on the person’s wrist
with their name, age, date of birth, room number, and
medical record number on it. A separate bracelet is added
that lists allergies. Forms are completed and signed, so
that the patient is giving full consent to have the hospital
personnel take care of them while they are in the hospital
during that particular hospital stay. Subsequent hospital
stays require new consent forms.

Once all the admitting information has been com-
pleted, the next step is usually being taken to one’s room.
Most people stay in a semi-private room, which means
that there are two people to a room. In some circum-
stances, a person’s medical condition may require stay-
ing in a private room. If there are private rooms avail-
able, and the individual is willing to pay the extra cost
(insurance companies generally only cover the cost of a
semi-private room), it may be possible to have a private
room. Most hospital rooms are set up so that one bed is
closer to the door, and the other is next to a window.
There are curtains that can be drawn completely around
the bed so that some degree of privacy is possible. Once
taken to a room, the nurse taking care of the patient will
go over the medical and medication history, and orient
the person to the room. This means that they will explain
how to adjust bed height, how to use the nurse call but-
ton, show where the bathroom is located, and explain
how to use the bedside telephone and television. The
cost for the telephone and television are not usually cov-
ered by insurance. There is usually a calendar in the
room, to help the patient keep track of the date, as it can
be disorienting to be in an unfamiliar place, especially
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over several days or weeks. There may be limitations on
using the bathroom, if the person’s doctor feels that the
patient’s condition is such that they should not get out of
bed. These kinds of decisions are made with the person’s
safety and medical condition in mind. If the person is not
thinking clearly, perhaps because of some medication
they are receiving, the side rails of the bed may be put
up, to prevent falling out of bed. The nurse will review
the doctor’s orders, such as what tests have been sched-
uled, whether or not they can get out of bed for the bath-
room or to walk around the unit, what medications they
will be getting, and whether or not there are restrictions
on what they can eat. The hospital will supply towels,
sheets, and blankets, but some people like to bring some-
thing personal with them from home. Because of the risk
of infections being transferred from one patient to anoth-
er, one may prefer to leave things at home. If one does
choose to bring in something personal, it should be
washed with warm or hot water and soap to make sure
that germs are not brought home from the hospital.

Sometimes when people are admitted to the hospital
they need extremely close observation that can only be
given in specialized care called an intensive care unit.
Because of the severity of their condition, visiting hours
are more restricted than in the regular rooms. It may be
that only one or two people can visit at a time, and only
for a few minutes at a time. Once the person’s condition
improves, they may then be transferred to a room with a
less rigid visitation policy. If an individual has a surgical
procedure performed, they will spend a few hours in a
recovery area. This is to make sure that the person’s con-
dition is stable before returning to the regular room. Vis-
iting is limited in the recovery area, and the person may
spend most of the time sleeping, as the effects of the sur-
gical anesthesia wear off.

If the person entering the hospital is a child, the par-
ents or guardian will fill out the hospital forms. Most
hospitals allow parents and guardians to stay overnight
in the hospital with the child, and to be with them 24
hours a day. Many hospitals have special areas for chil-
dren to play in, and even areas in which they do not have
anything done to them which is painful, so they can
completely relax.

Preparation

If the hospitalization is prearranged, there are prepa-
rations that will make the process go more smoothly. It is
helpful to have a list of all medications currently being
taken, the dosages, how often they are taken, and the rea-
son for taking them. The list should also include any al-
lergies to food and medications, including a description
of the reaction, and when the food or medication was last
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Adrenalectomy

KEY TERMS

C-PAP machine—A continuous positive airway
pressure machine used at night to alleviate sleep
apnea. A mask is placed over the nose and room
air is blown into the patient’s airway, keeping the
airway from collapsing, and alleviating snoring
and periods of stopping breathing during the night.

Elective surgery—Elective surgery is surgery that
is planned and anticipated. For example, a person
may have a medical condition that requires
surgery to fix an ongoing problem. Their condition
may have developed over weeks or months, and
through discussion with their doctor they come to
agree that the time is now best for taking care of
this condition. The surgery is scheduled, and the
person has advanced notice that they will be
spending some time in the hospital.

taken. The list should include over-the-counter (OTC)
and prescription medications, vitamins, supplements,
and herbal and home remedies.

If the hospital stay involves surgery in which there is
the potential for significant blood loss, it may be possi-
ble to arrange to have blood drawn and stored so that in
the event of a transfusion, the individual receives his or
her own blood.

If the hospital stay is an extended one, a list of fami-
ly and friends, with their telephone numbers, can make it
easier to stay in touch with people who can come and
visit, or offer support by telephone. It is not a good idea
to bring anything of value to the hospital as there are
many times when one could be out of the room. Howev-
er, it may be helpful to have some pocket change avail-
able if one needs to make some small purchases at the
hospital gift shop, such as a newspaper. If one is going to
visit someone in the hospital, change or one dollar bills
to use at vending machines may come in handy.

A small bag can be brought into the hospital that
contains:

* night clothes (The hospital supplies their own, but
some people like to wear familiar clothing; some peo-
ple use the hospital outfits to decrease the chance of
staining their own clothing or bringing germs home
from the hospital.)

» arobe
« slippers

» clothes for the return trip home
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» reading material for the hospital stay

* hobby materials such as knitting or a book of cross-
word puzzles

« reading glasses

« personal care items such as comb, brush, and tooth-
brush (most hospitals supply these items, but many in-
dividuals prefer to have their own from home)

It is best not to bring in any medication from home
unless it has been prearranged with the physician and
hospital staff prior to hospitalization. This is to prevent
an error from occurring by having the person taking one
dose from their own medicine and then being given an-
other dose from the hospital pharmacy.

Resources
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Mosby, 1998.
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American Hospital Association. One North Franklin, Chicago,
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Adrenal gland removal see Adrenalectomy

Adrenalectomy
Definition

Adrenalectomy is the surgical removal of one or
both adrenal glands. The adrenal glands are paired en-
docrine glands—one located above each kidney—that
produce hormones such as epinephrine, norepinephrine,
androgens, estrogens, aldosterone, and cortisol. Adrena-
lectomy is usually performed by conventional (open)
surgery; however, in selected patients, surgeons may use
laparoscopy. With laparoscopy, adrenalectomy can be
accomplished through four very small incisions.

Purpose

Adrenalectomy is usually advised for patients with
tumors of the adrenal glands. Adrenal gland tumors may
be malignant or benign, but all typically excrete excessive
amounts of one or more hormones. When malignant, they
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Adrenalectomy
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To remove the adrenal glands, an incision is made below the patient’s ribcage (A). The adrenal gland, which sits on top of the

kidney (B), is visualized (C). The vein emerging from the gland is tied off and cut (D), and the adrenal gland is removed (E).
(lllustration by GGS Inc.)

GALE ENCYCLOPEDIA OF SURGERY 29

Awojdajeudlpy



Adrenalectomy

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Adrenalectomies are performed by general or
endocrine surgeons. Surgeons work closely
with their medical colleagues (endocrinolo-
gists) who are often the doctors who are re-
sponsible for both the initial diagnosis and in-
vestigation of endocrine disorders. Endocrinol-
ogists may also be involved in long-term fol-
low-up care after the adrenalectomy. Endocrine
surgeons also work with nuclear medicine
physicians, radiologists, pathologists, geneti-
cists, and anesthetists to provide the best possi-
ble patient care.

are usually neuroblastoma cancers. A successful proce-
dure will aid in correcting hormone imbalances, and may
also remove cancerous tumors before they invade other
parts of the body. Occasionally, adrenalectomy may be
recommended when hormones produced by the adrenal
glands aggravate another condition such as breast cancer.

Demographics

Neuroblastoma is one of the few cancer types
known to secrete hormones. It occurs most often in chil-
dren, and it is the third most common cancer that occurs
in children. In the united States, approximately 7.5% of
the childhood cancers diagnosed in 2001 were neurob-
lastomas, affecting one in 80,000 to 100,000 children.
Close to 50% of cases of neuroblastoma occur in chil-
dren younger than two years old. The disease is some-
times present at birth, but is usually not noticed until
later. Approximately one-third of neuroblastomas start in
the adrenal glands. According to some reports, African-
American children develop the disease at a slightly high-
er rate than Caucasian children (8.7 per million com-
pared to 8.0 per million cases diagnosed).

Description
Open adrenalectomy

The surgeon may operate from any of four direc-
tions, depending on the exact problem and the patient’s
body type.

In the anterior approach, the surgeon cuts into the
abdominal wall. Usually the incision will be horizontal,
just under the rib cage. If the surgeon intends to operate
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on only one of the adrenal glands, the incision will run
under just the right or the left side of the rib cage. Some-
times a vertical incision in the middle of the abdomen
provides a better approach, especially if both adrenal
glands are involved.

In the posterior approach, the surgeon cuts into the
back, just beneath the rib cage. If both glands are to be
removed, an incision is made on each side of the body.
This approach is the most direct route to the adrenal
glands, but it does not provide quite as clear a view of
the surrounding structures as the anterior approach.

In the flank approach, the surgeon cuts into the pa-
tient’s side. This is particularly useful in massively obese
patients. If both glands need to be removed, the surgeon
must remove one gland, repair the surgical wound, turn
the patient onto the other side, and repeat the entire
process.

The last approach involves an incision into the chest
cavity, either with or without part of the incision into the
abdominal cavity. It is used when the surgeon anticipates
a very large tumor, or if the surgeon needs to examine or
remove nearby structures as well.

Laparoscopic adrenalectomy

This technique does not require the surgeon to open
the body cavity. Instead, four small incisions (about 0.5
in [1.27 cm] diameter each) are made into a patient’s
flank, just under the rib cage. A laparoscope enabling the
surgeon to visualize the inside of the abdominal cavity
on a television monitor is placed through one of the inci-
sions. The other incisions are for tubes that carry minia-
turized versions of surgical tools. These tools are de-
signed to be operated by manipulations that the surgeon
makes outside the body.

Diagnosis/Preparation

Most aspects of preparation are the same as in other
major operations. In addition, hormone imbalances are
often a major challenge. Whenever possible, physicians
will try to correct hormone imbalances through medica-
tion in the days or weeks before surgery. Adrenal tumors
may cause other problems such as hypertension or inade-
quate potassium in the blood, and these problems also
should be resolved if possible before surgery is per-
formed. Therefore, a patient may take specific medicines
for days or weeks before surgery.

Most adrenal tumors can be imaged very well with a
CT scan or MRI, and benign tumors tend to look differ-
ent on these tests than do cancerous tumors. Surgeons
may order a CT scan, MRI, or scintigraphy (viewing of
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the location of a tiny amount of radioactive agent) to
help locate exactly where the tumor is located.

The day before surgery, patients will probably have
an enema to clear the bowels. In patients with lung prob-
lems or clotting problems, physicians may advise special
preparations.

Aftercare

Patients stay in the hospital for various lengths of
time after adrenalectomy. The longest hospital stays are
required for open surgery using an anterior approach;
hospital stays of about three days are indicated for open
surgery using the posterior approach or for laparoscopic
adrenalectomy.

The special concern after adrenalectomy is the pa-
tient’s hormone balance. There may be several sets of re-
quired lab tests to define hormone problems and monitor
the results of drug treatment. In addition, blood pressure
problems and infections are more common after removal
of certain types of adrenal tumors.

As with most open surgery, surgeons are also con-
cerned about blood clots forming in the legs and travel-
ing to the lungs (venous thromboembolism), bowel prob-
lems, and postoperative pain. With laparoscopic adrena-
lectomy, these problems are somewhat less prevalent, but
they are still present.

Risks

The risks of adrenalectomy include major hormone
imbalances, caused by the underlying disease, the surgery,
or both. These can include problems with healing, blood
pressure fluctuations, and other metabolic problems.

Other risks are typical of many operations. These in-
clude:

* bleeding

» damage to adjacent organs (spleen, pancreas)
* loss of bowel function

* blood clots in the lungs

* lung problems

« surgical infections

* pain

* scarring

Normal results

The outcome of an adrenalectomy depends on the
condition for which it was performed. For example, in
the case of hyperaldosteronism, the surgical removal of
the adrenal glands provides excellent results, with the
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QUESTIONS TO ASK
THE DOCTOR

¢ What procedure do you intend to use for my
adrenalectomy?

¢ What do | need to know about my adrenalec-
tomy?

* How long is the procedure?

e How long will it take to recover from the
surgery?

* What are the major risks of the surgery?

e Why must my adrenal gland(s) be removed?

¢ What restrictions can | expect on my physical
activity after the surgery?

* How many adrenalectomies do you perform
each year?

majority of patients being cured. In the case of patients
diagnosed with pheochromocytoma, long-term cures are
rare in cases of malignant pheochromocytomas. In cases
of metastatic disease, five-year survival rates as high as
36% have been reported.

Morbidity and mortality rates

There is wide agreement that laparoscopic approach-
es decrease operative morbidity. The laparoscopic ap-
proach is commonly used to treat smaller adrenal tumors.
At many laparoscopic centers, the laparoscopic adrenalec-
tomy has become the standard practice. Several centers
recommend a particular approach or laparoscopic method,
but regardless of which approach is preferred, the cure and
morbidity rates are similar for laparoscopic and open
adrenalectomy (in the case of small tumors). No method is
suitable for all patients. In general, selecting the approach
based on patient and tumor characteristics while consider-
ing the familiarity of the surgeon yields the best results.

Alternatives

Alternatives to adrenalectomy depend on the medical
condition underlying the decision to perform the surgery.
In some cases, drug therapy may be considered as an al-
ternative when the condition being treated in benign.

Resources
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Philadelphia: University of Pennsylvania Press, 1994.
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Adrenergic drugs

KEY TERMS

Hyperaldosteronism—A disorder of excessive al-
dosterone secretion.

Laparoscope—An instrument that enables the sur-
geon to see inside the abdominal cavity by means
of a thin tube that carries an image to a television
monitor.

Pancreas—An organ that secretes a number of di-
gestive hormones and also secretes insulin to reg-
ulate blood sugar.

Pheochromocytoma—A tumor of specialized
cells of the adrenal gland.

Spleen—An organ that traps and breaks down red
blood cells at the end of their useful life and man-
ufactures some key substances used by the im-
mune system.

Vena cava—The large vein that drains directly into
the heart after gathering incoming blood from the
entire body.
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Adrenergic drugs
Definition

Adrenergic amines are drugs that stimulate the sym-
pathetic nervous system (also called the adrenergic ner-
vous system). These compounds are also called sympa-
thomimetic drugs. The sympathetic nervous system is
the part of the autonomic nervous system that originates
in the thoracic (chest) and lumbar (lower back) regions
of the spinal cord and regulates involuntary reactions to
stress. It stimulates the heartbeat, sweating, breathing
rate, and other stress-related body processes.

Purpose

Adrenergic drugs have many uses. They are used to
increase the output of the heart, to raise blood pressure,
and to increase urine flow as part of the treatment of
shock. Adrenergics are also used as heart stimulants.
They may be given to a patient to reverse the drop in
blood pressure that is sometimes caused by general anes-
thesia. They may be used to stop bleeding by causing the
blood vessels to constrict, and to keep local anesthetics
in a small area of the body by closing off the nearby
blood vessels that would otherwise spread the anesthetic
to other parts of the body. This ability to make blood
vessels constrict makes adrenergics useful in reducing
nasal stuffiness associated with colds and allergies. They
may also be given to open the bronchi (the tubes leading
to the lungs) for treatment of asthma and chronic ob-
structive pulmonary disease (COPD).

Description

There are several types of adrenergic receptors in
the human body. Although all types of adrenergic recep-
tors (nerve endings) respond to the same drugs, the ef-
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fects depend on which specific receptors are stimulated.
The alpha receptors make the heart beat faster, the pupils
of the eyes dilate, and the muscles contract. The beta re-
ceptors have similar effects and also cause the bronchi in
the lungs to open up. Both alpha and beta receptors are
divided into subgroups—alpha-1, alpha-2, beta-1, and
beta-2—each with its own specific effects. A hormone
called norepinephrine that is secreted in the body affects
all types of adrenergic receptors; the drugs used in medi-
cine and surgery, however, have been developed to affect
only specific types of receptors.

There are several adrenergic amines in common use:

« Albuterol (Alupent, Ventolin, others): given by mouth
or as a nasal spray to improve breathing.

* Dobutamine (Dobutrex and generic forms): used to
stimulate the heart during surgery or after a heart attack
or cardiac arrest.

Dopamine (Intropin): used to increase cardiac output,
blood pressure, and urine flow in treating patients with
shock.

Epinephrine (Adrenalin): used locally to control bleed-
ing from arterioles and capillaries during surgery. It is
used to treat shock, as a heart stimulant, and as a de-
congestant. Epinephrine may be added to local anes-
thetics to keep the anesthetic in the area where it is ap-
plied. Epinephrine may also be applied to the eye to re-
duce the symptoms of conjunctivitis (red eye).

Isoproteranol: most widely used to ease breathing prob-
lems in asthma and COPD, but also used to control sev-
eral types of irregular heartbeat until a pacemaker can
be implanted.

Phenylephrine (Neo-Synephrine): used to treat shock
and low blood pressure; also used in the form of nose
drops or spray to relieve nasal congestion from colds
and allergies.

Metaraminol (Aramine): used to raise the blood pres-
sure and stimulate the heart in treating patients with
shock.

Norepinephrine (Levophed): used to increase the out-
put of the heart and raise blood pressure as part of the
treatment of shock.

Recommended dosage

The recommended dosage of an adrenergic drug de-
pends on the specific compound, the purpose for which
it is given, and the route of administration (oral or intra-
venous).

People who use adrenergic amines to treat breathing
problems or conjunctivitis (red eye) should not use over-
the-counter preparations of these drugs as an alternative
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to seeking professional care. These medications may tem-
porarily relieve the symptoms of some disorders but will
not cure the underlying problems, which may be serious.

Precautions

When adrenergic amines are given during surgery,
they will be administered by an anesthesiologist or other
health care professional skilled in their use. It is the
anesthesiologist’s responsibility to exercise appropriate
care when these drugs are used during an operation.

The following are some of the hazards associated
with the use of adrenergic amines. Patients under anes-
thesia may not be aware of these side effects:

* nervousness

« rapid heart beat

« high blood pressure
« irregular heart beat
« rapid heartbeat

* chest pain

» dizziness

* dry mouth

* headache

« flushing

* nausea

* vomiting

* weakness

Before undergoing procedures that may involve the
use of an adrenergic amine, people with any of these
medical problems should make sure their physicians
know about them:

* narrow-angle glaucoma

« liver disease

« enlarged heart

« disorders affecting the arteries and veins

« diseases and disorders affecting the blood supply to the
brain

Side effects

The most common side effects of adrenergic amines
are nervousness, agitation, and wakefulness. These side
effects do not usually cause problems when the drugs are
given during surgery or in combination with local anes-
thetics.
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Adrenergic drugs

KEY TERMS

Adrenergic—Characteristic of or releasing epi-
nephrine or related substances. The term often
refers to the nerve fibers in the sympathetic ner-
vous system that release norepinephrine as a neu-
rotransmitter.

Amine—A chemical compound that contains NH;
(a nitrogen-hydrogen combination) as part of its
structure.

Autonomic nervous system—The part of the ner-
vous system that regulates the activity of heart
muscle, smooth muscle, and glands.

Bronchi—The large air tubes leading from the tra-
chea to the lungs that convey air to and from the
lungs.

Conjunctivitis—Inflammation of the conjunctiva,
the membrane on the inner part of the eyelids and
the covering of the white of the eye.

Norepinephrine—A naturally occurring hormone

The following side effects sometimes occur when
adrenergic amines are used to treat nasal congestion due
to allergies or infections:

« rapid heartbeat

» increased sweating
* nervousness

» hallucinations

« sleep disturbances
* paleness

Other rare side effects may occur. Anyone who has
unusual symptoms after taking adrenergic amines should
contact his or her physician right away.

Interactions

Adrenergic amines may interact with many different
types of drugs. People should discuss the use of these
drugs with their pharmacist or physician before using over-
the-counter preparations that contain them for colds or al-
lergies. Patients scheduled for surgery should be sure to
give the surgeon and anesthesiologist a list of all the drugs
they take, including nonprescription, herbal, and alterna-
tive preparations. Some drugs that interact with adrenergic
amines should be discontinued several days before surgery,
since they last for a long time after the last dose.

Drugs that may interact with adrenergic amines in-
clude:
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that acts as a neurotransmitter and affects both
alpha- and beta-adrenergic receptors. It is also
known as noradrenaline.

Receptor—A sensory nerve ending that responds
to chemical or other stimuli of various kinds.

Shock—A serious condition in which the body’s
blood circulation and metabolism is severely im-
paired by injury, pain, blood loss, or certain dis-
eases. The symptoms of shock include a pale com-
plexion, very low blood pressure, and a weak
pulse.

Sympathetic nervous system—The part of the ner-
vous system stimulated by adrenergic drugs. It reg-
ulates such involuntary reactions to stress as
changes in the heartbeat and breathing rate, sweat-
ing, and changes in digestive secretions.

Sympathomimetic drugs—Another name for

adrenergic drugs.

» furazolidone (Furoxone)

« tricyclic antidepressants (Adapin, Asendin, Aventyl,
Elavil, Endep, Norpramin, Pamelor, Sinequan, Sur-
montil, Tofranil, Vivactil)

» guanethidine (Ismelin)
» methyldopa (Aldomet)

Herbs that have been reported to interact with adren-
ergic amines include ephedra (ma huang), often sold in
over-the-counter weight loss formulas; St. John’s wort, a
popular remedy for anxiety or depression; alfalfa; hibis-
cus; ginseng; angelica (dong quai); and yohimbe.

The list above does not include every drug or herb
that may interact with adrenergic amines. People should
consult their physician or pharmacist before combining
adrenergic amines with any other prescription or nonpre-
scription (over-the-counter) medicine.
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Adult day care
Definition

Adult day care includes programs, services, and fa-
cilities designed to assist physically or mentally im-
paired adults remain in their communities. These are per-
sons who might otherwise require institutional or long-
term care and rehabilitation.

Purpose

There are two general purposes for adult day-care.
The first is to provide an alternative to placement in a
residential institution. The second is to create a respite
for care-givers, often the children of the persons for
whom the care is being provided.

Description

There are two general types of adult day care pro-
grams. One is based on a medical model and the other on
a social model. The medical model provides comprehen-
sive medical, therapeutic, and rehabilitation day treat-
ment. The social model offers supervised activities, peer
support, companionship, and recreation. Both models as-
sist older adults and those with chronic conditions to re-
main as independent as possible, for as long as possible.
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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
persons with a variety of chronic medical conditions in-
cluding the following:

« adults with Alzheimer’s disease, other forms of demen-
tia, or depression

* persons recovering from stroke or head or spinal cord
injuries

« people with chronic conditions such as diabetes or car-
diovascular disease

« adults with developmental disabilities such as Down
syndrome

« adults suffering from mental illnesses

» weak or frail older adults requiring nursing care or as-
sistance with daily living activities

The social model of adult day care emphasizes su-
pervised group activities such as crafts, gardening,
music, and exercise. Participants in this model may re-
quire 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 participants, as well as
caregiver support groups, information and referral ser-
vices, and community outreach programs.

In 2005, an estimated 36 million Americans will be
aged 65 or older. According to statistics from the U.S. De-
partment of Labor, the fastest growing segment of older
adults is the population aged 85 and older. Historically, ap-
proximately 80% of the frail elderly remain in the commu-
nity and are cared for by relatives, most commonly by
adult daughters. Today, however, an increasing number of
women aged 35-54 are in the workforce and unable to care
for aging parents or disabled adult children living at home.

Although the participants of adult day care are
adults who attend the programs daily or several times
each week, adult day care also meets the needs of fami-
lies and other caregivers. Before women entered the
workforce, they were available to care for relatives at
home. Today, adult day care provides a secure, alterna-
tive 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 that adult day care helps
ease the burden of caring for ill, confused, or disabled
family members.
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Adult day care

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-
quency of hospital admissions. The first adult day care
centers in the United States appeared during the early
1970s. Today, there are more than 4,000 services and
centers. Most centers and programs operate during nor-
mal business hours, Monday through Friday, but some
offer weekend and evening care.

As of 2003, 34 states offer licensure of adult day
care, but only 25 require such licensure. Adult day care
services or programs may be affiliated with hospitals,
nursing homes, home health agencies, or senior centers,
but many are unaffiliated, independent programs. They
may be located in storefronts, senior centers, community
health and medical centers, and nursing homes.

Among centers responding to a 1997 National Adult
Day Services Association (NADSA) survey, the average
number of persons in an adult day care facility was ap-
proximately 40 and the average age of persons served
was 76. About three out of four persons receiving adult
day care services lived with family. Nearly 80% of adult
day centers offered nursing services, and approximately
90% were not-for-profit. Fees ranged from $1 to $200
per day, with an average of $28 to $43 dollars per day.
As of 2003, 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 services.

Though fees for adult day care vary widely, the
service is generally considered to be 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 cog-
nitive impairments to maintain their independence. Re-
search has demonstrated that adult day care also re-
duces 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. A certification process for program assis-
tants also exists. 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.
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Generally, quality adult day care centers or pro-
grams conduct thorough assessments of each person and
develop individualized plans of care and activities to
meet the needs of impaired, disabled, or frail older
adults. The plans for each individual describe objectives
in terms of improvement or maintenance of health status,
functional capabilities, and emotional well being. Cen-
ters must have sufficient staff 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 older adults. For example, centers and
services for persons with Alzheimer’s disease or other
dementias must take special precautions to ensure that
people do not wander away from the facility.

Results

The aging population in the United States, the in-
creasing 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.

See also Nursing homes.
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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.
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AICD see Implantable cardioverter-
defibrillator

Alanine aminotransferase test see Liver
function tests

Albumin test see Liver function tests

Allogenic transplant see Bone marrow
transplantation

Ambulatory surgery centers
Definition

Ambulatory surgery centers (ASCs) are medical fa-
cilities that specialize in elective same-day or outpatient
surgical procedures. They do not offer emergency care.
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The word ambulatory comes from the Latin verb ambu-
lare, which means “to walk.” It means that the patients
treated in these surgical centers do not require admission
to a hospital and are well enough to go home after the
procedure. Ambulatory surgical centers are also known
as surgicenters.

Demographics

As of 2003, there are about 3,700 ambulatory surgi-
cal centers in the United States, compared with 275 in
1980 and 1,450 in 1990. This rapid increase reflects a
general trend toward surgeries performed on an outpa-
tient basis. According to American Medical News, 70%
of all surgical procedures performed in the United States
in 2000 were done in outpatient facilities, compared to
15% in 1980. As of 2003, over seven million surgeries
are performed annually in American ASCs. Between
1990 and 2000, the number of operations performed an-
nually in these centers rose 191%, from 2.3 million pro-
cedures in 1990 to 6.7 million in 2000.

The types of surgical procedures performed in ASCs
have also undergone significant changes in recent years.
Many of the early ASCs were outpatient centers for plas-
tic surgery. Advances in minimally invasive surgical
techniques in other specialties, however, led to the estab-
lishment of ASCs for orthopedic, dental, and ophthalmo-
logic procedures. According to the Federated Ambulato-
ry Surgery Association (FASA), gastroenterology ac-
counted for only 10% of all procedures performed in
ASCs in 1995, while plastic surgery still represented
20%. These proportions changed rapidly. By 1998, only
three years later, ophthalmology accounted for more pro-
cedures performed in ASCs than any other surgical spe-
cialty (26.8%), followed by gastroenterology (18.8%),
orthopedic surgery (9.8%), gynecology (9.5%), plastic
surgery (7.7%), and otolaryngology (6.9%). The remain-
ing 20.6% included dental, urological, neurological, po-
diatric, and pain block procedures.

As of 2003, ASCs are not distributed evenly across
the United States; they tend to be concentrated in urban
areas, particularly those with a high ratio of physicians
to the general population.

Description

Ambulatory surgical centers are sometimes classi-
fied as either hospital-associated or freestanding. The
term freestanding is somewhat confusing because some
hospital-associated ASCs are located in buildings that
may be several blocks away from the main hospital. As a
result, some states have defined an ASC for legal purpos-
es as “a facility primarily organized or established for
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Ambulatory surgery centers

the purpose of performing surgery for outpatients and...
a separate identifiable legal entity from any other health
care facility.” More recently, some ASCs have sought in-
stitutional relationships with academic medical centers,
hoping to benefit from the prestige associated with
teaching and research.

Ambulatory surgery centers should not be confused
with office-based surgery practices or with other outpa-
tient centers that provide diagnostic services or primary
health care, such as urgent care centers, community
health centers, mobile diagnostic units, or rural health
clinics. ASCs are distinguished from these other health
care facilities by their use of a referral system for accept-
ing patients and their maintenance of a dedicated oper-
ating room. The first characteristic means that any pa-
tient who wants to be treated in an ambulatory surgery
center must first consult their primary health care
provider, or PCP, and choose to have their condition
treated by surgery rather than an alternative approach.
The second feature means that the surgical facility must
have at least one room that is used only for operations.

Accreditation and ownership

The Joint Commission on Accreditation of Health-
care Organizations (JCAHO) lists nine types of ASCs
that it presently accredits:

« cosmetic and facial surgery centers

» endoscopy centers

« ophthalmology practices

* laser eye surgery centers

» centers for oral and maxillofacial surgery
« orthopedic surgery centers

* plastic surgery centers

* podiatry clinics

 multi-specialty surgery centers

Medicare inspection and certification of ambulatory
surgery centers is a separate process from professional ac-
creditation. An ASC does not have to be certified by
Medicare in order to be accredited by JCAHO. Office-
based surgical practices are accredited by JCAHO under a
specialized Office-Based Surgery Accreditation program.

ASCs are sometimes categorized on the basis of
ownership. Some are owned by hospitals and others are
owned by the physicians who treat patients in them;
about half, however, are operated by investor-owned
businesses. The rapid growth of ASCs is in part a reflec-
tion of the general commercialization of health care in
the United States over the past two decades.
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Patient care

A patient in an ambulatory surgical center is asked to
observe some of the same precautions and preparations
that hospital patients undergo, including routine blood
tests and a thorough medical history to make certain that
they will not have an adverse reaction to anesthesia. In
most cases the patient will be told to avoid eating and
drinking before the procedure. Patients are asked to have
a friend or family member drive them home after surgery;
some ASCs request that the friend or relative come with
the patient in the morning and stay at the center in a wait-
ing area until the patient feels well enough to leave.

On average, patients leave the ASC within two
hours after their surgery. If the patient needs overnight
care or has a serious complication, he or she is trans-
ferred to an acute care hospital. Most ASCs that are not
hospital-owned have arrangements with nearby hospitals
to cover emergency situations.

Historical background

The first ambulatory surgical center was opened in
1970 by a group of anesthesiologists in Phoenix, Arizona.
Relatively few ASCs were built, however, until the mid-
1980s. Two factors that encouraged the rapid spread of
ASC:s after that point were the development of accredita-
tion programs and standards on the one hand and govern-
ment approval on the other. In 1980 the American Society
of Plastic and Reconstructive Surgeons (ASPRS) estab-
lished the American Association for Accreditation of Am-
bulatory Plastic Surgery Facilities, or AAAAPSEF, in order
to guarantee the quality of outpatient surgical facilities.
The AAAAPSF then formed the American Association for
Accreditation of Ambulatory Surgical Facilities, or
AAAASEF, to establish standards for single-specialty and
multi-specialty ASCs owned or operated by surgeons who
are board-certified in other types of surgery. In 1982 proce-
dures performed at ASCs were made eligible for Medicare
payments on the grounds that they were low-risk surgeries
provided in less expensive settings. As of 2003, 85% of the
ASCs in the United States are certified by Medicare.

Other factors involved in the expansion of ASCs in-
clude:

» Advances in medical technology. The development of
instruments that made minimally invasive procedures
possible made certain types of surgery less complicated
to perform and less painful for the patient. The most
important single development that made outpatient
surgery increasingly safe, however, is the discovery of
new anesthetic agents combined with better techniques
for administering anesthesia. The number of anesthe-
sia-related deaths has dropped sharply since the 1980s,
from 1:10,000 operations in 1982 to 1:400,000 in 2002.
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» Demographic changes. Instead of a shortage, by the
late 1990s there was an oversupply of physicians as
well as hospital beds in the United States. This situa-
tion has led to increasing competition for patients
among both doctors and hospital managers.

* The increasing commercialization of health care. The
rise of investor-owned hospitals and ambulatory
surgery centers encouraged many doctors to invest
money in these facilities, particularly the ASCs. Since
ambulatory surgery centers accept patients only on a
referral basis, questions have been raised about the le-
gitimacy of doctors referring patients to facilities in
which they have a financial interest. The former editor
of the New England Journal of Medicine cites a Florida
study revealing that almost 40% of the doctors practic-
ing in that state had money invested in the ASCs to
which they sent their patients.

Advantages of ASCs

Surgeons as well as patients tend to prefer ambula-
tory surgery centers for outpatient procedures for several
reasons:

« Cost. In many cases, an outpatient procedure done in an
ASC costs between one-half and one-third as much as
the same procedure done in a hospital. It is important,
however, for patients to compare costs carefully, because
some ASC procedures may cost as much as or even more
than hospital-based procedures. For example, the
Medicare Payment Advisory Commission found that
whereas a cataract operation cost only $942 at an ambu-
latory surgery center in 2001 as opposed to $1334 ata
hospital, after-cataract laser surgery cost $429 at the
ASC versus $246 at a hospital. Figures for an endoscopy
and biopsy of the upper digestive tract were $429 and
$359 respectively; for a diagnostic colonoscopy, $429
and $401; and for epidural anesthesia, $320 and $183.

« Convenience. There is much less administrative paper-
work and “red tape” at an ambulatory surgical center
compared to the admissions process at most hospitals.
Patients also like the fact that they can leave an ASC
relatively quickly after their surgery, which translates
into less time lost from work.

* Presence of family and friends. Whereas most hospitals
keep patients recovering from a surgical procedure in
separate rooms, in an ASC the patient can usually spend
the recovery period after surgery with their loved ones.

« Greater efficiency. This advantage is particularly im-
portant to surgeons. It takes much less time to prepare
an operating room in a specialized ASC for the next pa-
tient than in a standard hospital. Improved efficiency
allows the surgeon to treat more patients in the same
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amount of time than he or she would be able to do in a
hospital; some surgeons maintain that they can do three
times the number of procedures in an ASC as they
could in a hospital setting.

« Greater control over procedures and standards. Many
doctors prefer working in an ASC because they can set
the standards for staffing, safety precautions, postoper-
ative care, etc., rather than having these things decided
for them by a hospital manager.

ASCs within the American health
care system

As of 2003, there are several areas of tension in the
health care system related to ambulatory surgical cen-
ters. One is opposition from hospitals. Most hospitals
have relied on income from surgical procedures to make
up for losses incurred by treating other patients who can-
not afford to pay. The movement toward freestanding
ambulatory surgery centers means a considerable loss of
income for many hospitals.

On the other hand, there is also increasing competi-
tion between ASCs and office-based surgical practices.
The same improvements in anesthesia and surgical equip-
ment that made outpatient surgery in an ASC safe to per-
form have also made it safe to do a growing number of
fairly complex procedures in a doctor’s office. Such pro-
cedures as hernia repair, arthroscopic joint repair, and li-
posuction are now being performed in office-based facil-
ities. It is estimated that by 2005, 10 million surgical pro-
cedures will be performed annually in American doctors’
offices, or twice as many as were done in 1995. The
American Society of Anesthesiologists predicts that of-
fice-based surgical procedures will account for a steadily
growing proportion of outpatient surgeries. The ASA has
stated that “.... the trend toward office-based surgery is
growing at least as fast [as of 2003] as the trend toward
ambulatory surgery grew a few years ago.”

Legal and regulatory issues

The growing number of for-profit ASCs as well as
government involvement with outpatient facilities
through the Medicare program has led to a number of
legal and regulatory questions. One issue concerns the
level of Medicare reimbursement for procedures per-
formed in ASCs. The present Medicare fee schedule is
based on data from 1986, when the operating costs of
many ambulatory surgical centers were higher than they
are in 2003, due to advances in technology. As a result,
some observers think that ASCs are being overpaid for
services to Medicare patients. Another issue is a proposal
to add more procedures to the list approved by Medicare
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KEY TERMS

Ambulatory—Referring to a condition that is treat-
able without admission to a hospital, or to a surgi-
cal procedure performed on an outpatient basis.

Dedicated—Reserved for a specific purpose. An
ambulatory surgical center must have at least one
dedicated operating room in order to qualify for
accreditation.

Elective—Referring to a surgical procedure that is
a matter of choice; an elective operation may be
beneficial to the patient but is not urgently needed.

Podiatry—The surgical specialty that treats disor-
ders of the foot.

Surgicenter—Another term for ambulatory surgi-
cal center.

for ASC patients. The present list has not been updated
since 1995. The proposed additions would increase ASC
services available to Medicare patients by 20%.

The major legal question facing surgeons who own
or have investments in ambulatory surgical centers is
whether they are breaking the law by referring patients
to ASCs in which they have invested or in which they
perform surgery. The existing laws are not entirely clear
on this point, but experts in health law do not expect the
confusion to be resolved in the near future.

See also Hospital services; Medicare; Outpatient
surgery.
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Ammonia (blood) test see Liver function tests

Amniocentesis
Definition

Amniocentesis is a procedure used to diagnose fetal
defects in the early second trimester of pregnancy. A sam-
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ple of the amniotic fluid, which surrounds a fetus in the
womb, is collected through a pregnant woman’s abdomen
using a needle and syringe. Tests performed on fetal cells
found in the amniotic fluid can reveal the presence of
many types of genetic disorders. Early diagnosis allows
doctors and prospective parents to make important deci-
sions about treatment and intervention prior to birth.

Purpose

Since the mid-1970s, amniocentesis has been used
routinely to test for Down syndrome, by far the most
common, nonhereditary, genetic birth defect, afflicting
about one in every 1,000 babies. By 1997, approximately
800 different diagnostic tests were available, most of
them for hereditary genetic disorders such as Tay-Sachs
disease, sickle cell disease, hemophilia, muscular dystro-
phy, and cystic fibrosis.

Amniocentesis, often called amnio, is recommended
for women who will be older than 35 on their due-date.
It is also recommended for women who have already
borne children with birth defects, or when either of the
parents has a family history of a birth defect for which a
diagnostic test is available. Another reason for the proce-
dure is to confirm indications of Down syndrome and
certain other defects that may have shown up previously
during routine maternal blood screening.

The risk of bearing a child with a nonhereditary ge-
netic defect such as Down syndrome is directly related to
a woman’s age—the older the woman, the greater the
risk. Thirty-five is the recommended age to begin amnio
testing because that is the age at which the risk of carry-
ing a fetus with such a defect roughly equals the risk of
miscarriage caused by the procedure—about one in 200.
At age 25, the risk of giving birth to a child with this
type of defect is about one in 1,400; by age 45 it increas-
es to about one in 20. Nearly half of all pregnant women
over 35 in the United States undergo amniocentesis and
many younger women also decide to have the procedure.
Notably, some 75% of all Down syndrome infants born
in the United States each year are to women younger
than 35.

One of the most common reasons for performing
amniocentesis is an abnormal alpha-fetoprotein (AFP)
test. Alpha-fetoprotein is a protein produced by the fetus
and present in the mother’s blood. A simple blood
screening, usually conducted around the fifteenth week
of pregnancy, can determine the AFP levels in the moth-
er’s blood. Levels that are too high or too low may signal
possible fetal defects. Because this test has a high false-
positive rate, another test such as amniocentesis is rec-
ommended whenever the AFP levels fall outside the nor-
mal range.
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Amniocentesis is generally performed during the
sixteenth week of pregnancy, with results usually avail-
able within three weeks. It is possible to perform an
amnio as early as the eleventh week but this is not usual-
ly recommended because there appears to be an in-
creased risk of miscarriage when done at this time. The
advantage of early amnio and speedy results lies in the
extra time for decision making if a problem is detected.
Potential treatment of the fetus can begin earlier. Impor-
tant, also, is the fact that elective abortions are safer and
less controversial the earlier they are performed.

Precautions

As an invasive surgical procedure, amniocentesis
poses a real, although small, risk to the health of a fetus.
Parents must weigh the potential value of the knowledge
gained, or indeed the reassurance that all is well, against
the small risk of miscarriage. The serious emotional and
ethical dilemmas that adverse test results can bring must
also be considered. The decision to undergo amnio is al-
ways a matter of personal choice.

Description

The word amniocentesis literally means “puncture
of the amnion,” the thin-walled sac of fluid in which a
developing fetus is suspended during pregnancy. During
the procedure, the obstetrician inserts a very fine needle
through the woman’s abdomen into the uterus and amni-
otic sac and withdraws approximately 1 oz (28.3 g) of
amniotic fluid for testing. The relatively painless proce-
dure is performed on an outpatient basis, sometimes
using local anesthesia.

The physician uses ultrasound images to guide nee-
dle placement and collect the sample, thereby minimiz-
ing the risk of fetal injury and the need for repeated nee-
dle insertions. Once the sample is collected, the woman
can return home after a brief observation period. She
may be instructed to rest for the first 24 hours and to
avoid heavy lifting for two days.

The sample of amniotic fluid is sent to a laborato-
ry where fetal cells contained in the fluid are isolated
and grown in order to provide enough genetic material
for testing. This takes about seven to 14 days. The ma-
terial is then extracted and treated so that visual exami-
nation for defects can be made. For some disorders,
like Tay-Sachs, the simple presence of a telltale chemi-
cal compound in the amniotic fluid is enough to con-
firm a diagnosis. Depending on the specific tests or-
dered, and the skill of the lab conducting them, all the
results are available one to four weeks after the sample
is taken.
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Amniocentesis

KEY TERMS

Alpha-fetoprotein (AFP)—A protein normally pro-
duced by the liver of a fetus and detectable in ma-
ternal blood samples. AFP screening measures the
amount of alpha-fetoprotein in the blood. Levels
outside the norm may indicate fetal defects.

Anencephaly—A hereditary defect resulting in the
partial to complete absence of a brain and spinal
cord. It is fatal.

Chorionic villus sampling (CVS)—A procedure
similar to amniocentesis, except that cells are
taken from the chorionic membrane for testing.
These cells, called chorionic villus cells, eventual-
ly become the placenta. The samples are collected
either through the abdomen, as in amnio, or
through the vagina. CVS can be done earlier in the
pregnancy than amnio, but carries a somewhat
higher risk.

Chromosome—Chromosomes are the strands of
genetic material in a cell that occur in nearly iden-
tical pairs. Normal human cells contain 23 chro-
mosome pairs—one in each pair inherited from the
mother, and one from the father. Every human cell
contains the exact same set of chromosomes.

Down syndrome—The most prevalent of a class of
genetic defects known as trisomies, in which cells
contain three copies of certain chromosomes
rather than the usual two. Down syndrome, or tri-

Cost of the procedure depends on the doctor, the lab,
and the tests ordered. Most insurers provide coverage for
women over 35, as a follow-up to positive maternal
blood screening results, and when genetic disorders run
in the family.

An alternative to amnio, now in general use, is chori-
onic villus sampling (CVS), which can be performed as
early as the eighth week of pregnancy. While this allows
for the possibility of a first trimester abortion, if warrant-
ed, CVS is apparently also riskier and is more expensive.
The most promising area of new research in prenatal test-
ing involves expanding the scope and accuracy of mater-
nal blood screening as this poses no risk to the fetus.

Preparation

It is important for a woman to fully understand the
procedure and to feel confident in the obstetrician per-
forming it. Evidence suggests that a physician’s experi-
ence with the procedure reduces the chance of mishap.
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somy 21, usually results from three copies of chro-
mosome 21.

Genetic—The term refers to genes, the basic units
of biological heredity, which are contained on the
chromosomes, and contain chemical instructions
which direct the development and functioning of
an individual.

Hereditary—Something which is inherited or
passed down from parents to offspring. In biology
and medicine, the word pertains to inherited ge-
netic characteristics.

Maternal blood screening—Maternal blood
screening is normally done early in pregnancy to
test for a variety of conditions. Abnormal amounts
of certain proteins in a pregnant woman'’s blood
raise the probability of fetal defects. Amniocente-
sis is recommended if such a probability occurs.

Tay-Sachs disease—An inherited disease prevalent
among the Ashkenazi Jewish population of the
United States. Infants with the disease are unable
to process a certain type of fat that accumulates in
nerve and brain cells, causing mental and physical
retardation, and death by age four.

Ultrasound—A technique that uses high-frequency
sound waves to create a visual image (a sonogram)
of soft tissues. The technique is routinely used in
prenatal care and diagnosis.

Almost all obstetricians are experienced in performing
amniocentesis. The patient should feel free to ask ques-
tions and seek emotional support before, during, and
after amniocentesis is performed.

Aftercare

Necessary aftercare falls into two categories, physi-
cal and emotional.

Physical aftercare

During and immediately following the sampling
procedure, a woman may experience dizziness, nausea, a
rapid heartbeat, and cramping. Once past these immedi-
ate hurdles, the physician will send the woman home
with instructions to rest and to report any complications
requiring immediate treatment, including:

» Vaginal bleeding. The appearance of blood could signal
a problem.
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e Premature labor. Unusual abdominal pain and/or
cramping may indicate the onset of premature labor.
Mild cramping for the first day or two following the
procedure is normal.

« Signs of infection. Leaking of amniotic fluid or unusual
vaginal discharge, and fever could signal the onset of
infection.

Emotional aftercare

Once the procedure has been safely completed, the
anxiety of waiting for the test results can prove to be the
worst part of the process. A woman should seek and re-
ceive emotional support from family and friends, as well
as from her obstetrician and family doctor. Professional
counseling may also prove necessary, particularly if a
fetal defect is detected.

Risks

Most of the risks and short-term side effects associ-
ated with amniocentesis relate to the sampling proce-
dure. A successful amnio sampling results in no long-
term side effects. Risks include:

» Maternal/fetal hemorrhaging. While spotting in preg-
nancy is fairly common, bleeding following amnio
should always be investigated.

« Infection. Infection, although rare, can occur after am-
niocentesis. An unchecked infection can lead to severe
complications.

« Fetal injury. A very slight risk of injury to the fetus re-
sulting from contact with the amnio needle does exist.

* Miscarriage. The rate of miscarriage occurring during
standard, second trimester amnio is approximately
0.5%. This compares to a miscarriage rate of 1% for
CVS. Many fetuses with severe genetic defects miscar-
ry naturally during the first trimester.

« The trauma of difficult family-planning decisions. The
threat posed to parental and family mental health from
the trauma accompanying an abnormal test result can
not be underestimated.

Normal results

Negative results from an amnio analysis indicate
that everything about the fetus appears normal and the
pregnancy can continue without undue concern. A nega-
tive result for Down syndrome means that it is 99% cer-
tain that the disease does not exist.

An overall “normal” result does not, however, guar-
antee that the pregnancy will come to term, or that the
fetus does not suffer from some other defect. Laboratory
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tests are not 100% accurate at detecting targeted condi-
tions, nor can every possible fetal condition be tested for.

Abnormal results

Positive results on an amnio analysis indicate the
presence of a fetal defect, with an accuracy approaching
100%. With such a diagnosis, prospective parents face
emotionally and ethically difficult choices regarding pre-
natal treatment options, the prospect of treating the defect
at birth, and the option of elective abortion. At this point,
the parents need expert medical advice and counseling.

Resources

BOOKS

Hassold, Terry and Stuart Schwartz. “Chromosome Disorders.”
In Harrison’s Principles of Internal Medicine, edited by
Eugene Braunwald, et al. Philadelphia: McGraw-Hill,
2001.

Miesfeldt, Susan and J. Larry Jameson. “Screening, Counsel-
ing, and Prevention of Genetic Disorders.” In Harrison’s
Principles of Internal Medicine, edited by Eugene Braun-
wald, et al. Philadelphia: McGraw-Hill, 2001.

Wallach, Jacques. Interpretation of Diagnostic Tests. 7th ed.
Philadelphia, PA: Lippincott Williams & Wilkens, 2000.

ORGANIZATIONS

American College of Obstetricians and Gynecologists. 409
12th St., S.W., P.O. Box 96920, Washington, DC 20090-
6920. <http://www.acog.org>.

OTHER

National Institutes of Health. [cited April 4, 2003]. <http://
www.nlm.nih.gov/medlineplus/encyclopedia.html>.

Kurt Richard Sternlof
Mark A. Best

Amniotic fluid analysis see Amniocentesis

Amputation
Definition

Amputation is the surgical removal of a limb or
body part. It is performed to remove diseased tissue or
relieve pain.

Purpose

Arms, legs, hands, feet, fingers, and toes can all be
amputated. In the United States, there are approximately
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Amputation

Amputation

Muscle incision

Bone incision

Femoral artery Clamp on

femoral vein

Sutures

Muscle layers

Femur

[t

Proximal stump
/ protected by gauze
A

/ End of stump

In an above-the-knee amputation, three incisions are made (A). First the skin and muscle layers are cut (B). The major blood
vessels are clamped and severed (C). The bone is cut with a special saw (D). Finally, the muscles are stitched over the bone,
and the skin is closed over the wound (E). (/llustration by GGS Inc.)

350,000 amputees, with some 135,000 new amputations
occurring each year. The number of amputees worldwide
is not currently known.

Here in the United States, the most common causes
of amputation of the lower extremity are: disease (70%),
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trauma (22%), congenital or birth defects (4%), and tu-
mors (4%). As for upper extremity amputation, it is usu-
ally performed because of trauma or birth defect. Sel-
dom is disease as great a contributing factor. The causes
of amputation differ significantly in various countries.
For example, countries with a recent history of warfare

GALE ENCYCLOPEDIA OF SURGERY



and civil unrest will have a higher incidence of amputa-
tions, due to war itself or its technology (landmines, un-
controlled ordnance, etc).

Among the diseases and conditions that may lead to
amputation of an extremity, the most prevalent are:

« hardening of the arteries
« arterial embolism

« impaired circulation as a complication of diabetes mel-
litus

* gangrene
« severe frostbite

» Raynaud’s disease
* Buerger’s disease

More than 90% of amputations performed in the
United States are due to circulatory complications of dia-
betes. Sixty to eighty percent of these operations involve
the legs.

Demographics

Most amputations involve small body parts such as a
finger, rather than an entire limb. About 65,000 amputa-
tions are performed in the United States each year.

In the United States, there are approximately
350,000 amputees, with some 135,000 new amputations
occurring each year. The number of amputees worldwide
is not currently known.

Description

Amputations can be either planned or emergency
procedures. Injury and arterial embolisms are the main
reasons for emergency amputations. The operation is
performed under regional or general anesthesia by a gen-
eral or orthopedic surgeon in a hospital operating room.

Details of the operation vary slightly depending on
what part is to be removed. All amputations consist of a
two-fold surgical procedure: to remove diseased tissue
so that the wound will heal cleanly, and to construct a
stump that will allow the attachment of a prosthesis or
artificial replacement part.

The surgeon makes an incision around the part to be
amputated. The part is removed, and the bone is
smoothed. A flap is constructed of muscle, connective
tissue, and skin to cover the raw end of the bone. The
flap is closed over the bone with sutures (surgical stitch-
es) that remain in place for about one month. Often, a
rigid dressing or cast is applied that stays in place for
about two weeks.

GALE ENCYCLOPEDIA OF SURGERY

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Amputations are performed in a hospital, usu-
ally by an orthopaedic surgeon. Orthopedics is
a medical specialty that focuses on the diagno-
sis, care and treatment of patients with disor-
ders of the bones, joints, muscles, ligaments,
tendons, nerves, and skin. These elements
make up the musculoskeletal system. The
physicians who specialize in this area are
called orthopedic surgeons or orthopedists. Or-
thopedic surgery is a specialty of immense vari-
ety, and includes amputation surgery.

Diagnosis/Preparation

Before an amputation is performed, extensive test-
ing is done to determine the proper level of amputation.
The goal of the surgeon is to find the place where heal-
ing is most likely to be complete, while allowing the
maximum amount of limb to remain for effective reha-
bilitation.

The greater the blood flow through an area, the
more likely healing is to occur. These tests are designed
to measure blood flow through the limb. Several or all of
them can be done to help choose the proper level of am-
putation.

» measurement of blood pressure in different parts of the
limb

« xenon 133 studies, which use a radiopharmaceutical to
measure blood flow

* oxygen tension measurements in which an oxygen elec-
trode is used to measure oxygen pressure under the skin
(If the pressure is 0, the healing will not occur. If the
pressure reads higher than 40mm Hg [40 milliliters of
mercury], healing of the area is likely to be satisfactory.)

« laser doppler measurements of the microcirculation of
the skin

« skin fluorescent studies that also measure skin micro-
circulation

« skin perfusion measurements using a blood pressure
cuff and photoelectric detector

« infrared measurements of skin temperature

No one test is highly predictive of healing, but taken
together, the results give the surgeon an excellent idea of
the best place to amputate.
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Amputation

QUESTIONS TO ASK
THE DOCTOR

* s amputation the best solution?
* How long is the procedure?

* How long will it take to recover from the am-
putation?

e What are the major risks of the surgery?

» What kind of pain will | have after the ampu-
tation and for how long?

e What steps will you take to minimize those
risks?

e How long will I have to remain in bed?
e When will I be fitted with my first prosthesis?

Aftercare

After amputation, medication is prescribed for pain,
and patients are treated with antibiotics to discourage in-
fection. The stump is moved often to encourage good cir-
culation. Physical therapy and rehabilitation are started as
soon as possible, usually within 48 hours. Studies have
shown that there is a positive relationship between early
rehabilitation and effective functioning of the stump and
prosthesis. Length of stay in the hospital depends on the
severity of the amputation and the general health of the
amputee, but ranges from several days to two weeks.

Rehabilitation is a long, arduous process, especially
for above the knee amputees. Twice daily physical thera-
py is not uncommon. In addition, psychological counsel-
ing is an important part of rehabilitation. Many people
feel a sense of loss and grief when they lose a body part.
Others are bothered by phantom limb syndrome, where
they feel as if the amputated part is still in place. They
may even feel pain in this limb that does not exist. Many
amputees benefit from joining self-help groups and
meeting others who are also living with amputation. Ad-
dressing the emotional aspects of amputation often
speeds the physical rehabilitation process.

Risks

Amputation is major surgery. All the risks associated
with the administration of anesthesia exist, along with the
possibility of heavy blood loss and the development of
blood clots. Infection is of special concern to amputees. In-
fection rates in amputations average 15%. If the stump be-
comes infected, it is necessary to remove the prosthesis and
sometimes to amputate a second time at a higher level.
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Failure of the stump to heal is another major com-
plication. Nonhealing is usually due to an inadequate
blood supply. The rate of nonhealing varies from 5-30%
depending on the facility. Centers that specialize in am-
putation usually have the lowest rates of complication.

Persistent pain in the stump or pain in the phantom
limb is experienced by most amputees to some degree.
Treatment of phantom limb pain is difficult. One final
complication is that many amputees give up on the reha-
bilitation process and discard their prosthesis. Better fit-
ting prosthetics and earlier rehabilitation have decreased
the incidence of this problem.

Normal results

The five year survival rate for all lower extremity
amputees is less than 50%. For diabetic amputees, the
rate is less than 40%. Up to 50% of people who have one
leg amputated because of diabetes will lose the other
within five years. Amputees who walk using a prosthesis
have a less stable gait. Three to five percent of these peo-
ple fall and break bones because of this instability. Al-
though the fractures can be treated, about half the am-
putees who suffer them then remain wheelchair bound.

Alternatives

Alternatives to amputation depend on the medical
cause underlying the decision to amputate and the degree
of medical urgency. In some cases, drug therapy may be
considered as an alternative.

For example, one serious complication of diabetes is
the development of foot ulcers that often lead to amputa-
tion. Some studies have suggested non-surgical treat-
ment of diabetic foot ulcers with a new, recombinant
drug (Becaplermin/Regranex). Combined with compe-
tent ulcer nursing, the drug leads to fewer amputations
compared to the alternative of ulcer nursing on its own.

Resources

BOOKS

Meier, R. H. Functional Restoration of Adults and Children
With Upper Extremity Amputation. New York: Demos
Medical Publishing, 2003.

Murdoch, G. and A. Bennett Wilson. A Primer on Amputations
and Artificial Limbs. Springfield: Charles C. Thomas Pub.
Ltd., 1998.

Watts, H. and M. Williams. Who Is Amelia?: Caring for Chil-
dren With Limb Difference. Rosemont, IL: American
Academy of Orthopaedic Surgeons, 1998.

PERIODICALS

Buzato, M. A., E. C. Tribulatto, S. M. Costa, W G. Zorn, and
B. van Bellen. “Major amputations of the lower leg. The
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KEY TERMS

Arterial embolism—A blood clot arising from an-
other location that blocks an artery.

Buerger’s disease—An episodic disease that caus-
es inflammation and blockage of the veins and ar-
teries of the limbs. It tends to be present almost
exclusively in men under age 40 who smoke, and
may require amputation of the hand or foot.

Diabetes mellitus—A disease in which insufficient
insulin is made by the body to metabolize sugars.

Raynaud’s disease—A disease found mainly in
young women that causes decreased circulation
to the hands and feet. Its cause is unknown.

patients two years later.” Acta Chirurgica Belgica 102
(August 2002): 248-252.
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ripheral vascular disease.” American Journal of Surgery
182 (July 2001): 44-48.
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ternational 25 (December 2001): 186—194.
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American Academy of Orthopaedic Surgeons. 6300 North
River Road, Rosemont, Illinois 60018-4262. Phone (847)
823-7186. <www.aaos.org>.
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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 anaerobic
culture and the culturing procedure are performed to en-
sure 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 such serious consequences as amputation, organ fail-
ure, sepsis, meningitis, and death. Culture is required to
correctly identify anaerobic pathogens and institute ef-
fective antibiotic treatment.

Precautions

It is crucial that the health care provider obtain the
sample for culture via aseptic technique. Anaerobes are
commonly found on mucous membranes and other sites
such as the vagina and oral cavity. Therefore, specimens
likely to be contaminated with these organisms should not
be submitted for culture (e.g., a throat or vaginal swab).
Some types of specimens should always be cultured for
anaerobes if an infection is suspected. These include ab-
scesses, bites, blood, cerebrospinal fluid and exudative
body fluids, deep wounds, and dead tissues. The specimen
must be protected from oxygen during collection and trans-
port and must be transported to the laboratory immediately.

Description

Anaerobes are normally found within certain areas
of the body but result in serious infection when they have
access to a normally sterile body fluid or deep tissue that
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Anaerobic bacteria culture

is poorly oxygenated. Some anaerobes normally live in
the crevices of the skin, in the nose, mouth, throat, intes-
tine, and vagina. Injury to these tissues (i.e., cuts, punc-
ture wounds, or trauma) especially at or adjacent to the
mucous membranes allows anaerobes entry into other-
wise sterile areas of the body and is the primary cause of
anaerobic infection. A second source of anaerobic infec-
tion occurs from the introduction of spores into a normal-
ly sterile site. Spore-producing anaerobes live in the soil
and water, and spores may be introduced via wounds, es-
pecially punctures. Anaerobic infections are most likely
to be found in persons who are immunosuppressed, those
treated recently with broad-spectrum antibiotics, and
persons who have a decaying tissue injury on or near a
mucous membrane, especially if the site is foul-smelling.

Some specimens from which anaerobes are likely to
be isolated are:

* blood

* bile

* bone marrow

« cerebrospinal fluid

» direct lung aspirate

« tissue biopsy from a normally sterile site
« fluid from a normally sterile site (like a joint)
* dental abscess

* abdominal or pelvic abscess

* knife, gunshot, or surgical wound

* severe burn

Some of the specimens that are not suitable for
anaerobic cultures include:

* coughed throat discharge (sputum)
» rectal swab

* nasal or throat swab

» urethral swab

» voided urine

Specimen collection

The keys to effective anaerobic bacteria cultures in-
clude collecting a contamination-free specimen and pro-
tecting it from oxygen exposure. Anaerobic bacteria cul-
tures should be obtained from an appropriate site without
the health care professional contaminating the sample
with bacteria from the adjacent skin, mucus membrane,
or tissue. Swabs should be avoided when collecting
specimens for anaerobic culture because cotton fibers
may be detrimental to anaerobes. Abscesses or fluids can
be aspirated using a sterile syringe that is then tightly
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capped to prevent entry of air. Tissue samples should be
placed into a degassed bag and sealed, or into a gassed
out screw top vial that may contain oxygen-free prere-
duced culture medium and tightly capped. The speci-
mens should be plated as rapidly as possible onto culture
media that has been prepared.

Culture

Cultures should be placed in an environment that is
free of oxygen, at 95°F (35°C) for at least 48 hours be-
fore the plates are examined for growth.

Gram staining is performed on the specimen at the
time of culture. While infections can be caused by aer-
obic or anaerobic bacteria or a mixture of both, some
infections have a high probability of being caused by
anaerobic bacteria. These infections include brain ab-
scesses, lung abscesses, aspiration pneumonia, and
dental infections. Anaerobic organisms can often be
suspected because many anaerobes have characteristic
microscopic morphology (appearance). For example,
Bacteroides spp. are gram-negative rods that are pleo-
morphic (variable in size and shape) and exhibit irreg-
ular bipolar staining. Fusobacterium spp. are often
pale gram-negative spindle-shaped rods having pointed
ends. Clostridium spp. are large gram-positive rods
that form spores. The location of the spore (central,
subterminal, terminal, or absent) is a useful differential
characteristic. The presence of growth, oxygen toler-
ance, and Gram stain results are sufficient to establish
a diagnosis of an anaerobic infection and begin antibi-
otic treatment with a drug appropriate for most anaer-
obes such as clindamycin, metronidazole, or van-
comycin.

Gram-negative anaerobes and some of the infections
they produce include the following genera:

* Bacteroides (the most commonly found anaerobes in
cultures; intra-abdominal infections, rectal abscesses,
soft tissue infections, liver infection)

e Fusobacterium (abscesses, wound infections, pul-
monary and intracranial infections)

* Porphyromonas (aspiration pneumonia, periodontitis)

» Prevotella (intra-abdominal infections, soft tissue in-
fections)

Gram-positive anaerobes include the following:

* Actinomyces (head, neck, pelvic infections; aspiration
pneumonia)

* Bifidobacterium (ear infections, abdominal infections)

* Clostridium (gas, gangrene, food poisoning, tetanus,
pseudomembranous colitis)

GALE ENCYCLOPEDIA OF SURGERY



* Peptostreptococcus (oral, respiratory, and intra-abdom-
inal infections)

« Propionibacterium (shunt infections)

The identification of anaerobes is highly complex,
and laboratories may use different identification sys-
tems. Partial identification is often the goal. For exam-
ple, there are six species of the Bacteroides genus that
may be identified as the Bacteroides fragilis group
rather than identified individually. Organisms are identi-
fied by their colonial and microscopic morphology,
growth on selective media, oxygen tolerance, and bio-
chemical characteristics. These include sugar fermenta-
tion, bile solubility, esculin, starch, and gelatin hydroly-
sis, casein and gelatin digestion, catalase, lipase, lecithi-
nase, and indole production, nitrate reduction, volatile
fatty acids as determined by gas chromatography, and
susceptibility to antibiotics. The antibiotic susceptibility
profile is determined by the microtube broth dilution
method. Many species of anaerobes are resistant to
penicillin, and some are resistant to clindamycin and
other commonly used antibiotics.

Diagnosis/Preparation

The health care provider should take special care to
collect a contamination-free specimen. All procedures
must be performed aseptically. The health care profes-
sional who collects the specimen should be prepared to
take two samples, one for anaerobic culture and one for
aerobic culture, since it is unknown whether the
pathogen can grow with or without oxygen. In addition,
health care professionals should document any antibi-
otics that the patient is currently taking and any medical
conditions that could influence growth of bacteria.

Aftercare

In the case of vein puncture for anaerobic blood cul-
tures, direct pressure should be applied to the vein punc-
ture site for several minutes or until the bleeding has
stopped. An adhesive bandage may be applied, if appro-
priate. If swelling or bruising occurs, ice can be applied
to the site. For collection of specimens other than blood,
the patient and the collection site should be monitored
for any complications after the procedure.

Risks

Special care must be taken by the health care team ob-
taining, transporting, and preparing the specimen for
anaerobic culture. Poor methodology may delay the identi-
fication of the bacterium, may allow the patient’s condition
to deteriorate, and may require the patient to provide more
samples than would otherwise be required. Patients may
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KEY TERMS

Aerobic bacteria—Bacteria that can grow freely
in oxygen-rich environments.

Aseptic—Free from living disease-causing organ-
isms; sterile and without contamination.

Gram staining—Use of a purple dye to identify
pathogens, usually bacteria

Pathogen—An organism capable of causing dis-
ease.

Sepsis—The systemic inflammatory response due
to an infectious organism circulating throughout
the body. Sepsis can progress to severe sepsis and
septic shock, where blood pressure drops (hy-
potension), the blood supply to tissues decreases,
and organs fail.

Venipuncture—Puncture of a vein with a needle
for the purpose of withdrawing a blood sample for
analysis.

experience bruising, discomfort, or swelling at the collec-
tion site when tissue, blood, or other fluids are obtained.

Results

Negative results will show no pathogenic growth in
the sample. Positive results will show growth, the identi-
fication of each specific bacterium, and its antibiotic sus-
ceptibility profile.

Patient education

A health care team member should explain the spec-
imen collection procedure to the patient. If the patient is
seriously ill, the team member should explain the proce-
dure to the patient’s family members. The patient and his
or her family should understand that because bacteria
need time to grow in the laboratory, several days may be
required for bacterium identification.

Resources

BOOKS

Anel, Ramon L. and R. Phillip Dellinger. “Sepsis and Bac-
teremia.” In Conn’s Current Therapy 2001, edited by
Robert E. Rakel and Edward T. Bope. Philadelphia: W.B.
Saunders Company, 2001, pp.56—62.

Fischbach, Frances. “Blood Cultures.” In A Manual of Labora-
tory & Diagnostic Tests. 6th ed. Philadelphia: Lippincott
Williams & Wilkins, 2000, pp.542-545.

Henry, J.B. Clinical Diagnosis and Management by Laborato-
ry Methods. 20th ed. New York: W.B.Saunders Company,
2001.
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Wallach, Jacques. Interpretation of Diagnostic Tests. 7th ed.
Philadelphia, PA: Lippincott Williams & Wilkens, 2000.

PERIODICALS

Brook, Itzhak. “Anaerobic Infections in Children.” Advances in
Pediatrics 47 (2000): 395-437.

ORGANIZATIONS

The American Society for Microbiology. 1752 N St. N.'W.,
Washington, DC 20036. (202) 737-3600. <http://www.as-
musa.org>.

National Center for Infectious Disease, Centers for Disease
Control and Prevention. 1600 Clifton Road NE, Atlanta,
GA 30333. (800) 311-3435. <http://www.cdc.gov>.

OTHER

National Institutes of Health. [cited April 5, 2003] <http://
www.nlm.nih.gov/medlineplus/encyclopedia.html>.

Linda D. Jones, BA, PBT (ASCP)
Mark A. Best, M.D., MPH, MBA

Analgesia, patient-controlled see Patient-
controlled analgesia

Analgesics
Definition

Analgesics are medicines that relieve pain.

Purpose

The primary classes of analgesics are the narcotics,
including additional agents that are chemically based on
the morphine molecule but have minimal abuse potential;
nonsteroidal anti-inflammatory drugs (NSAIDs) in-
cluding the salicylates; and acetaminophen. Other drugs,
notably the tricyclic antidepressants and anti-epileptic
agents such as gabapentin, have been used to relieve pain,
particularly neurologic pain, but are not routinely classi-
fied as analgesics. Analgesics provide symptomatic relief,
but generally have no effect on causation.

Description

Pain has been classified as “productive” pain and
“non-productive” pain. While this distinction has no
physiologic meaning, it may serve as a guide to treat-
ment. “Productive” pain has been described as a warning
of injury, and so may be both an indication of need for
treatment and a guide to diagnosis. “Non-productive”
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pain by definition serves no purpose either as a warning
or diagnostic tool.

Although pain syndromes may be dissimilar, the
common factor is a sensory pathway from the affected
organ to the brain. Analgesics work at the level of the
nerves, either by blocking the signal from the peripher-
al nervous system, or by distorting the interpretation by
the central nervous system. Selection of an appropriate
analgesic is based on consideration of the risk-benefit
factors of each class of drugs, based on type of pain,
severity of pain, and risk of adverse effects. Tradition-
ally, pain has been divided into two classes, acute and
chronic, although severity and projected patient sur-
vival are other factors that must be considered in drug
selection.

Acute pain

Acute pain is self limiting in duration, and includes
post-operative pain, pain of injury, and childbirth. Be-
cause pain of these types is expected to be short term,
the long-term side effects of analgesic therapy may rou-
tinely be ignored. Thus, these patients may safely be
treated with narcotic analgesics without concern for
their addictive potential, or NSAIDs with only limited
concern for their ulcerogenic risks. Drugs and doses
should be adjusted based on observation of healing rate,
switching patients from high to low doses, and from
narcotic analgesics to non-narcotics when circum-
stances permit.

An important consideration of pain management in
severe pain is that patients should not be subject to the re-
turn of pain. Analgesics should be dosed adequately to as-
sure that the pain is at least tolerable, and frequently
enough to avoid the anxiety that accompanies the anticipat-
ed return of pain. Analgesics should never be dosed on a
“prn” (as needed) basis, but should be administered often
enough to assure constant blood levels of analgesic. This
applies to both the narcotic and non-narcotic analgesics.

Chronic pain

Chronic pain, pain lasting over three months and se-
vere enough to impair function, is more difficult to treat,
since the anticipated side effects of the analgesics are
more difficult to manage. In the case of narcotic anal-
gesics this means the addiction potential, as well as res-
piratory depression and constipation. For the NSAIDs,
the risk of gastric ulcers may be dose limiting. While
some classes of drugs, such as the narcotic agonist/an-
tagonist drugs bupronophine, nalbuphine and penta-
zocine, and the selective COX-2 inhibitors celecoxib and
rofecoxib represent advances in reduction of adverse ef-
fects, they are still not fully suitable for long-term man-
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agement of severe pain. Generally, chronic pain manage-
ment requires a combination of drug therapy, life-style
modification, and other treatment modalities.

Narcotic analgesics

The narcotic analgesics, also termed opioids, are all
derived from opium. The class includes morphine,
codeine, and a number of semi-synthetics including
meperidine (Demerol), propoxyphen (Darvon), and oth-
ers. The narcotic analgesics vary in potency, but all are
effective in treatment of pain when used in adequate
doses. Adverse effects are dose related. Because these
drugs are all addictive, they are controlled under federal
and state laws. A variety of dosage forms are available,
including oral solids, liquids, intravenous and intrathecal
injections, and transcutaneous patches.

NSAIDs, non-steroidal anti-inflammatory drugs, are
effective analgesics even at doses too low to have any
anti-inflammatory effects. There are a number of chemi-
cal classes, but all have similar therapeutic effects and
side effects. Most are appropriate only for oral adminis-
tration; however ketorolac (Toradol) is appropriate for
injection and may be used for moderate to severe pain
for short periods.

Acetaminophen is a non-narcotic analgesic with no
anti-inflammatory properties. It is appropriate for mild to
moderate pain. Although the drug is well tolerated in
normal doses, it may have significant toxicity at high
doses. Because acetaminophen is largely free of side ef-
fects at therapeutic doses, it has been considered the first
choice for mild pain, including that of osteoarthritis.

Recommended dosage

Appropriate dosage varies by drug, and should consid-
er the type of pain, as well as other risks associated with
patient age and condition. For example, narcotic analgesics
should usually be avoided in patients with a history of sub-
stance abuse, but may be fully appropriate in patients with
cancer pain. Similarly, because narcotics are more rapidly
metabolized in patients who have used these drugs for a
long period, higher than normal doses may be needed to
provide adequate pain management. NSAIDs, although
comparatively safe in adults, represent an increased risk of
gastrointestinal bleeding in patients over the age of 60.

Precautions

Narcotic analgesics may be contraindicated in pa-
tients with respiratory depression. NSAIDs may be haz-
ardous to patients with ulcers or an ulcer history. They
should be used with care for patients with renal insuffi-
ciency or coagulation disorders. NSAIDs are contraindi-
cated in patients allergic to aspirin.
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KEY TERMS

Acute pain—Pain that is usually temporary and re-
sults from something specific, such as a surgery,
an injury, or an infection.

Analgesic—Medicine used to relieve pain.

Chronic pain—Pain that lasts more than three
months and threatens to disrupt daily life.

Dose limiting—Case in which the side effects of a
drug prevent an increase in dose

Inflammation—Pain, redness, swelling, and heat
that usually develops in response to injury or ill-
ness.

Side effects

Adverse effects of each drug vary individually.
Drugs within a class may vary in their frequency and
severity of adverse effects.

The primary adverse effects of the narcotic anal-
gesics are addiction, constipation, and respiratory de-
pression. Because narcotic analgesics stimulate the pro-
duction of enzymes that cause the metabolism of these
drugs, patients on narcotics for a prolonged period may
require increasing doses. This is not the same thing as
addiction, and is not a reason for withholding medication
from patients in severe pain.

NSAIDs are ulcerogenic and may cause kidney
problems. Gastrointestinal discomfort is common, al-
though in some cases, these drugs may cause ulcers
without the prior warning of gastrointestinal distress.
Platelet aggregation problems may occur, although not to
the same extent as if seen with aspirin.

Interactions

Interactions depend on the specific type of anal-
gesic. See specific references or ask a physician.

Resources

BOOKS

Brody, T. M., J. Larner, K. P. Minneman, and H. C. Neu.
Human Pharmacology: Molecular to Clinical, 2nd ed. St.
Louis: Mosby Year-Book, 1998.

Griffith, H. W. and S. Moore. 2001 Complete Guide to Pre-
scription and Nonprescription Drugs. New York: Berkely
Publishing Group, 2001.

OTHER

“Acetaminophen.” Federal Drug Administration. Center for
Drug Evaluation and Research [cited May 2003]. <http://
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www.fda.gov/cder/foi/nda/2000/75077_Acetaminophen.
pdf>.

“Acetaminophen.” Medline Plus Drug Information [cited May
2003]. <http://www.nlm.nih.gov/medlineplus/druginfo/
medmaster/a681004.html>.

“Anti-inflammatories, nonsteroidal.” Medline Plus Drug Infor-
mation [cited June 25 2003]. <http://www.nlm.nih.gov/
medlineplus/druginfo/uspdi/202743.html>.

“Narcotic analgesics for pain relief.” Medline Plus Drug Infor-
mation [cited June 25 2003]. <http://www.nlm.nih.gov/
medlineplus/druginfo/uspdi/202390.html>.

Samuel Uretsky, PharmD

Analgesics, opioid
Definition

Opioid analgesics, also known as narcotic anal-
gesics, are pain relievers that act on the central nervous
system. Like all narcotics, they may become habit-form-
ing if used over long periods.

Purpose

Opioid analgesics are used to relieve pain from a vari-
ety of conditions. Some are used before or during surgery
(including dental surgery), both to relieve pain and to
make anesthetics work more effectively. They may also be
used for the same purposes during labor and delivery.

Description

Opioid analgesics relieve pain by acting directly on
the central nervous system. However, this can also lead
to unwanted side effects, such as drowsiness, dizziness,
breathing problems, and physical or mental dependence.

Among the drugs in this category are codeine; pro-
poxyphene (Darvon); propoxyphene and acetaminophen
(Darvocet N); meperidine (Demerol); hydromorphone
(Dilaudid); morphine; oxycodone; oxycodone and aceta-
minophen (Percocet, Roxicet); and hydrocodone and ac-
etaminophen (Lortab, Anexsia). These drugs come in
many forms—tablets, syrups, suppositories, and injec-
tions—and are sold only by prescription. For some, a new
prescription is required for each new supply; refills are
prohibited, according to federal regulations.

Recommended dosage

Recommended doses vary, depending on the type of
opioid analgesic and the form in which it is being used.
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Doses may be different for different patients. The person
should check with the physician who prescribed the drug
or the pharmacist who filled the prescription for correct
dosages, and to understand how to take the drug.

A patient should always take opioid analgesics ex-
actly as directed. Larger or more frequent doses should
never be taken, and the drug should not be taken for
longer than directed. The person should not stop taking
the drug suddenly without checking with the physician
or dentist who prescribed it. Gradually tapering the dose
may reduce the risk of withdrawal symptoms.

For pain following major surgery, it is common
practice to give narcotic analgesics by intravenous injec-
tion for the first 24—48 hours. This may be followed by
oral narcotics for the next 24—48 hours, and then non-
narcotic analgesics.

Many hospitals use patient-controlled analgesia
(PCA), a system in which the analgesics are given intra-
venously (by vein), and the patient can control the dose
by pushing a button on a pump. This system lets the pa-
tient have more control over the amount of medication
needed to relieve pain, and eliminates the anxiety that
comes from expecting the return of pain when the dose
wears off.

Precautions

Anyone who uses opioid analgesics—or any narcot-
ic—over a long time may become physically or mentally
dependent on the drug. Physical dependence may lead to
withdrawal symptoms when the person stops taking the
medicine. Building tolerance to these drugs is also possi-
ble when they are used for a long period. The need for
larger and more frequent doses is due to enzyme induc-
tion, in which narcotics are metabolized by the liver and
changed to a form that can be eliminated from the body.
The metabolism of narcotics relies on enzymes that are
produced by the liver. As narcotics are used, the liver pro-
duces more and more of these enzymes, so that a dose of
pain medication is removed from the body more rapidly.
This is not a problem when narcotics are used for surgical
pain, since this type of pain only lasts for a short time.

Opiod analgesics should be taken exactly as direct-
ed. It is not advised to take more than the recommended
dose, or more often than directed. If the drugs do not
seem to be working, the physician should be consulted.
These drugs (or any other prescription drugs) should
never be shared with others because the drug may have a
completely different effect on different people.

Children and older people are especially sensitive to
opioid analgesics and may have serious breathing prob-
lems after taking them. Children may also become un-
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Opioid analgesics
Route of Onset of Time to Duration of
Drug administration action (min) peak effect (min) action (h)
Strong agonists
Fentanyl (Sublimaze) IM 7-15 20-30 1-2
IV 1-2 3-5 0.5-1
Hydromorphone (Dilaudid) Oral 30 90-120 4
IM 15
IV 10-15 30-60 2-3
Sub-Q 30 15-30
Levorphanol (Levo-Dromoran) Oral 10-60 90-120 4-5
IM
IV = 60 4-5
Sub-Q 10-60 within 20
Meperidine (Demerol) Oral 15 60-90 2-4
IM 10-15
I\ 30-50 2-4
Sub-Q 1
Methadone (Dolophine) Oral 30-60 90-120 4-6
IM
IV 10-20 60-120 4-5
Morphine (many trade names) Oral = 60-120 4-5
IM 10-30
\% 30-60 4-5
Sub-Q =
Epidural 10-30 20 4-5
Oxymorphone (Numorphan) IM 10-15 30-90 3-6
IV
Sub-Q 5-10 15-30 3-4
Rectal
Mild-to-moderate agonists
Codiene (many trade names) Oral 30-40 60-120 4
Im 10-30 30-60 4
Sub-Q 10-30 4
Hydrocodone (Hycodan) Oral 10-30 30-60 4-6
Oxycodone (Percodan) Oral — 60 34
Propoxyphene (Darvon, Dolene) Oral 15-60 120 4-6
Butophanol (Stadol) IM 10-30 30-60 34
I\ 2-3 30 2-4
Nalbuphine (Nubian) IM within 15 60 3-6
IV 2-3 30 34
Sub-Q within 15 — 3-6
Pentazocine (Talwin) Oral 15-30 60-90 3
IM 15-20 30-60 2-3
% 2-3 15-30 =)
Sub-Q 15-20 30-60 2-3

usually restless or agitated when given these drugs.
These problems can be controlled by adjusting the dose
of medication to a safer level.

Opioid analgesics increase the effects of alcohol.
Anyone taking these drugs should not drink alcoholic
beverages. Some of these drugs may also contain aspirin,
caffeine, or acetaminophen. A person should refer to the
entries on each of these drugs for additional precautions.

Special conditions

People with certain medical conditions or who are
taking certain other medicines can have problems if they
take opioid analgesics. Before prescribing these drugs, the
physician should be informed of any of these conditions.

GALE ENCYCLOPEDIA OF SURGERY

ALLERGIES. The patient should let the physician
know about any allergies to foods, dyes, preservatives, or
other substances, and about any previous reactions to
opioid analgesics.

PREGNANCY. Women who are pregnant or plan to
become pregnant while taking opioid analgesics should
let their physicians know. No evidence exists that these
drugs cause birth defects in people, but some do cause
birth defects and other problems when given to pregnant
animals in experiments. Babies can become dependent
on opioid analgesics if their mothers use too much dur-
ing pregnancy. This can cause the baby to go through
withdrawal symptoms after birth. If taken just before de-
livery, some opioid analgesics may cause serious breath-
ing problems in the newborn.
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BREASTFEEDING. Some opioid analgesics can pass
into breast milk. Women who are breastfeeding should
check with their physicians about the safety of taking
these drugs.

OTHER MEDICAL CONDITIONS. These conditions
may influence the effects of opioid analgesics:

* head injury (The effects of some opioid analgesics may
be stronger and may interfere with recovery in people
with head injuries.)

« history of convulsions (Some of these drugs may trig-
ger convulsions.)

» asthma, emphysema, or any chronic lung disease
* heart disease

* kidney disease

« liver disease

« underactive thyroid (The chance of side effects may be
greater.)

» Addison’s disease (a disease of the adrenal glands)
» colitis

« gallbladder disease or gallstones (Side effects can be
dangerous in people with these conditions.)

« enlarged prostate or other urinary problems
« current or past alcohol abuse
* current or past drug abuse, especially narcotic abuse

« current or past emotional problems (The chance of side
effects may be greater.)

USE OF CERTAIN MEDICINES. Taking opioid nar-
cotics with certain other drugs may increase the chances
of serious side effects. In some cases, the physician may
combine narcotic analgesics with other drugs that in-
crease the activity of the analgesic. These include some
sedatives, tranquilizers, and antihistamines. When these
drugs are used together with narcotic analgesics, it may
be possible to get the same pain relief with a lower dose
of narcotic.

Side effects

Some people experience drowsiness, dizziness,
lightheadedness, or a false sense of well-being after tak-
ing opioid analgesics. Anyone who takes these drugs
should not drive, use machinery, or do anything else that
might be dangerous until they know how the drug affects
them. Nausea and vomiting are common side effects, es-
pecially when first beginning to take the medicine. If
these symptoms do not go away after the first few doses,
the person should check with the physician or dentist
who prescribed the medicine.
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Dry mouth is another common side effect, which
can be relieved by sucking on sugarless hard candy or
ice chips or by chewing sugarless gum. Saliva substi-
tutes, which come in liquid or tablet forms, may also
help. Patients who must use opioid analgesics over long
periods and who have dry mouth should see their den-
tists, as the problem can lead to tooth decay and other
dental problems.

The following side effects are less common. They
usually do not need medical attention and will go away
after the first few doses. If they continue or interfere with
normal activity, the patient should check with the physi-
cian who prescribed the medicine for:

* headache

* loss of appetite

* restlessness or nervousness

* nightmares, unusual dreams, or problems sleeping
 weakness or tiredness

+ mental sluggishness

* stomach pain or cramps

* blurred or double vision or other vision problems

* problems urinating such as pain, difficulty urinating,
frequent urge to urinate, or decreased amount of urine

* constipation

Other side effects may be more serious and may re-
quire quick medical attention. These symptoms could be
signs of an overdose. The person should get emergency
medical care immediately:

* cold, clammy skin

» bluish discoloration of the skin

« extremely small pupils

« serious difficulty breathing or extremely slow breathing
* extreme sleepiness or unresponsiveness
* severe weakness

» confusion

* severe dizziness

* severe drowsiness

* slow heartbeat

* low blood pressure

* severe nervousness or restlessness

In addition, the following less-common side effects
do not require emergency medical care, but should have
medical attention as soon as possible, and include:

» hallucinations, or a sense of unreality

» depression or other mood changes
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KEY TERMS

Analgesic—Medicine used to relieve pain.

Central nervous system—The brain, spinal cord,
and nerves throughout the body.

Colitis—Inflammation of the colon (large bowel).

Enzyme—A protein, produced by cells, that causes
chemical changes in other substances.

Hallucination—A false or distorted perception of
objects, sounds, or events that seem real. Hallucina-
tions usually result from drugs or mental disorders.

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

Metabolize—The chemical changes that occur in
the body, including the changes that occur in the

* ringing or buzzing in the ears

« pounding or unusually fast heartbeat
« itching, hives, or rash

« facial swelling

« trembling or twitching

« dark urine, pale stools, or yellow eyes or skin (after
taking propoxyphene)

« increased sweating, red or flushed face (more common
after taking hydrocodone and meperidine)

Interactions

Anyone taking the following drugs should notify his
or her physician before taking opioid analgesics:

« central nervous system (CNS) depressants such as anti-
histamines and other medicines for allergies, hay fever,
or colds; tranquilizers; some other prescription pain re-
lievers; seizure medicines; sleeping pills; some anes-
thetics (including dental anesthetics)

» monoamine oxidase (MAO) inhibitors such as phenel-
zine (Nardil) and tranylcypromine (Parnate) (The com-
bination of the opioid analgesic meperidine [Demerol]
and MAQO inhibitors is especially dangerous.)

« tricyclic antidepressants such as amitriptyline (Elavil)

« anti-seizure medicines such as carbamazepine (Tegre-
tol) (They may lead to serious side effects, including
coma, when combined with propoxyphene and aceta-
minophen [Darvocet-N] or propoxyphene [Darvon].)

« muscle relaxants such as cyclobenzaprine (Flexeril)

« sleeping pills such as triazolam (Halcion)
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liver, converting molecules to forms that are more
easily removed from the body.

Narcotic—A drug derived from opium or com-
pounds similar to opium. Such drugs are potent
pain relievers and can affect mood and behavior.
Long-term use of narcotics can lead to dependence
and tolerance.

Tolerance—A decrease in sensitivity to a drug.
When tolerance occurs, a person must take more
and more of the drug to get the same effect.

Withdrawal symptoms—A group of physical or
mental symptoms that may occur when a person
suddenly stops using a drug to which he or she has
become dependent.

* blood-thinning drugs such as warfarin (Coumadin)

» Naltrexone (Trexan, Revia) (It cancels the effects of
opioid analgesics.)

* Rifampin (Rifadin)

» Zidovudine (AZT, Retrovir) (It causes serious side ef-
fects when combined with morphine.)

Resources

BOOKS

AHFS: Drug Information. Washington, DC: American Society
Healthsystems Pharmaceuticals, 2002.

Drug Facts and Comparisons. St. Louis: Facts & Comparisons,
2003.

Reynolds, J.E.F., ed. Martindale: The Extra Pharmacopeia,
31st ed. London: The Pharmaceutical Press, 1993.

OTHER

“Narcotic Analgesics for Surgery and Obstetrics (Systemic).”
Medline Plus Drug Information. [cited May 2003] <http://
www.nlm.nih.gov/medlineplus/druginfo/uspdi/202391.
html>.

Nancy Ross-Flanigan
Sam Uretsky, PharmD

Anesthesia evaluation
Definition

Anesthesia evaluation refers to the series of inter-
views, physical examinations, and laboratory tests that
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Anesthesia evaluation

are generally used in North America and western Europe
to assess the general fitness of patients scheduled for
surgery and to determine the need for special precautions
or additional testing. There is no universally accepted
definition of anesthesia evaluation as of 2003; however,
the Task Force on Preanesthesia Evaluation of the Amer-
ican Society of Anesthesiologists (ASA) has tentatively
defined it as “....the process of clinical assessment that
precedes the delivery of anesthesia care for surgery and
for non-surgical procedures.” Anesthesia evaluation is
usually discussed in the context of elective or scheduled
surgical procedures rather than emergency surgery.

Anesthesia evaluation is a relatively recent devel-
opment in preoperative patient care. Prior to the 1970s,
anesthesiologists were often given only brief notes or
outlines of the patient’s history and physical examina-
tion written by the operating surgeon or the patient’s
internist. This approach became increasingly unsatis-
factory as the practice of anesthesiology became more
complex. In the last four decades, the introduction of
new anesthetics and other medications, laser-assisted
surgical procedures, increasingly sophisticated moni-
toring equipment, and new discoveries in molecular
biochemistry and genetics have made the anesthesiolo-
gist’s role more demanding. During the 1980s and
1990s, some departments of anesthesiology in large
urban medical centers and major university teaching
hospitals began to set up separate clinics for anesthesia
evaluation in order to improve the assessment of pa-
tients before surgery.

Purpose

Anesthesia evaluation has several different purpos-
es. The information that is obtained during the evaluation
may be used to:

» Guide the selection of anesthetics and other medica-
tions to be used during surgery.

* Plan for the patient’s postoperative recovery and pain
management.

* Educate the patient about the operation itself, the possi-
ble outcomes, and self-care during recovery at home.

* Determine the need for additional staff during or after
surgery.

» Minimize confusion caused by rescheduling operations
because of last-minute discoveries about patients’ health.

« Improve patient safety and quality of care by collecting
data for later review and analysis. The ASA has noted
that few controlled trials of different approaches to
anesthesia evaluation have been conducted as of 2003,
and that further research is needed.
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Description

There are several parts or stages in a typical anesthe-
sia evaluation. The evaluation itself may be done in the
hospital where the operation is scheduled, or in a sepa-
rate facility attached to the hospital. The timing of the
evaluation is affected by two major variables: the inva-
siveness of the operation to be performed and the pa-
tient’s overall physical condition. An invasive operation
or procedure is one that requires the surgeon to insert a
needle, catheter, or instrument into the body or a part of
the body. Surgical procedures are classified as high,
medium, or low in invasiveness. Procedures that involve
opening the chest, abdomen, or skull are usually consid-
ered highly invasive. Examples of less invasive proce-
dures would include tooth extraction, most forms of
cosmetic surgery, and operations on the hands and feet.

The patient’s physical condition is classified accord-
ing to the ASA’s six-point system as follows:

* P1. Normal healthy patient.
« P2. Patient with mild systemic disease.
« P3. Patient with severe systemic disease.

 P4. Patient with severe systemic disease that is life-
threatening.

* P5. Moribund (dying) patient who is not expected to
survive without an operation.

« P6. Brain-dead patient whose organs are being re-
moved for donation.

As of 2003, the ASA recommends that patients with
severe disease be interviewed and have their physical ex-
amination before the day of surgery. Patients in good
health or with mild systemic disease who are scheduled
for a highly invasive procedure should also be inter-
viewed and examined before the day of surgery. Patients
in categories P1 and P2 who are scheduled for low- or
medium-invasive procedures may be evaluated on the
day of surgery or before it.

Patient history and records

The first part of an anesthesia evaluation is the anes-
thesiologist’s review of the patient’s medical history and
records. This review allows the anesthesiologist to evalu-
ate the patient for risk factors that may increase the pa-
tient’s sensitivity to the sedatives or other medications
given before and during the operation; increase the danger
of complications related to heart function and breathing;
and increase the difficulty of treating such complications.

These risk factors may include:

* Heart or lung disease. These diseases often require the
anesthesiologist to lower the dosages of sedatives and
pain-control medications.
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« Liver or kidney disease. Disorders of these organs often
slow down the rate of medication clearance from the
patient’s body.

Present prescription medications. These may interact
with the sedatives given before the operation or with
the anesthetic agent.

Herbal preparations and other alternative medicines.
Some herbal preparations, particularly those taken for
insomnia or anxiety (St. John’s wort, valerian, kava
kava) may intensify the effects of anesthetics. Others,
like ginseng or gingko biloba, may affect blood pres-
sure or blood clotting. It is important for patients to in-
clude alternative health products in the list of medica-
tions that they give the doctor.

Allergies, particularly allergies to medications.

« Alcohol or substance abuse. Substance use typically af-
fects patients’ responses to sedatives and anesthetics in
one of two ways. If the patient has developed a toler-
ance for alcohol or another drug of abuse, he or she
may require an increased dose of sedatives or pain
medications. On the other hand, if the patient has re-
cently consumed a large amount of alcohol or other
mood-altering substance, it may interact with the anes-
thetic by intensifying its effects.

Smoking. Smoking increases the risk of coughing,
bronchospasm, or other airway problems during the op-
eration.

Previous adverse reactions to sedatives or anesthetics.
A family history of anesthesia problems should be in-
cluded because some adverse reactions are genetically
determined.

Age. The elderly and children below the age of puberty
do not respond to medications in the same way as
adults, and the anesthesiologist must often adjust
dosages. In addition, elderly patients often take a num-
ber of different prescription medications, each of which
may interact with anesthetics in a different way.

Patient interview

The anesthesiologist is responsible for interviewing
the patient during the anesthesia evaluation. The inter-
view serves in part as additional verification of the pa-
tient’s identity; cases have been reported in which pa-
tients have been scheduled for the wrong procedure be-
cause of administrative errors. The anesthesiologist will
check the patient’s name, date of birth, medical record
number, and type or location of scheduled surgery for
any inconsistencies. Although the anesthesiologist will
ask for some of the same information that is included in
the patient’s written medical records, he or she may have
additional questions. Moreover, it is not unusual for pa-
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tients to recall significant events or details during the in-
terview that were left out of the written records. The
anesthesiologist will explain what will happen during the
operation and give instructions about fasting, discontinu-
ing medications, and other precautions that the patient
should take before the procedure. The patient will have
an opportunity to ask questions about choice of anesthet-
ic and other concerns during the interview.

Physical examination

The physical examination will focus on three prima-
ry areas of concern: the heart and circulatory system; the
respiratory system; and the patient’s airway. Heart and
lung function are evaluated because surgery under gener-
al anesthesia puts these organ systems under consider-
able stress. The usual tests performed to evaluate heart
and lung fitness are an electrocardiogram (ECG) and
chest x-ray (CXR). These tests may be omitted if the pa-
tient was tested within the previous six months and the
results were normal. If the patient has an ECG and CXR
as part of the anesthesia evaluation and the findings are
abnormal, the doctor may order additional tests of heart
and lung function. These may include stress or exercise
tests; echocardiography; angiography; pulmonary
function tests (PFTs); and a computed tomography (CT)
scan of the lungs.

Assessment of the airway includes an examination
of the patient’s teeth, nasal passages, mouth, and throat
to check for any signs of disease or structural abnormali-
ties. Certain physical features, such as an abnormally
shaped windpipe, prominent upper incisor teeth, an ab-
normally small mouth opening, a short or inflexible
neck, a throat infection, large or swollen tonsils, and a
protruding or receding chin can all increase the risk of
airway problems during the operation. A commonly used
classification scheme rates patients on a four-point scale,
with Class I being the least likely to have airway prob-
lems under anesthesia and Class IV the most likely.

Laboratory tests

Laboratory tests are categorized as either routine,
meaning that they are given to all patients as part of the
anesthesia evaluation, or indicated, which means that the
test is ordered for a specific reason for a particular pa-
tient. Routine preoperative laboratory tests include blood
tests and urine tests. Blood samples are taken for white
and red blood cell counts and coagulation studies; tests of
kidney function, most commonly measurements of blood
urea nitrogen (BUN) and creatinine; and measurements
of blood glucose and electrolyte levels. Urine samples are
taken to evaluate the patient’s nutritional status, to test for
diabetes or the presence of a urinary tract infection, and
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Anesthesia evaluation

to determine whether the patient is dehydrated. Some
hospitals will accept blood and urine tests performed
within six weeks of the operation if the results were with-
in normal ranges. Some facilities also routinely test urine
samples from women of childbearing age for pregnancy.

Indicated laboratory tests include platelet counts,
certain blood chemistry measurements, and measure-
ments of blood hemoglobin levels. These tests are usual-
ly performed for patients with blood or endocrine disor-
ders; persons taking blood-thinning medications; persons
who have been treated with some types of alternative
therapy; and persons who are known to have kidney or
liver disorders.

Consultations

The anesthesiologist may consult other doctors as
part of the anesthesia evaluation in order to obtain addi-
tional information about the patient’s condition. Consul-
tations are often necessary if the patient is very young or
very old; is being treated for cancer; or has a rare disease
or disorder.

Preparation

Patients can prepare for an anesthesia evaluation by
gathering information beforehand to give the hospital or
clinic staff. This information includes such matters as in-
surance cards and documentation; a list of medications
presently taken and their dosages; a list of previous oper-
ations or hospitalizations, if any; the names and tele-
phone numbers of other physicians who have been con-
sulted within the past two years; information about aller-
gies to medications, if any; the name and telephone num-
ber of a designated family member or primary contact;
and similar matters.

See also Anesthesiologist’s role; Preoperative care.
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KEY TERMS

Anesthesiologist—A doctor of medicine (MD) or
osteopathy (DO) who has completed advanced
training in administering anesthesia and monitor-
ing patients’” well-being during surgery. Many
anesthesiologists have completed additional train-
ing in critical care medicine or pain management.

Bronchospasm—A spasmodic contraction of the
muscles that line the two branches of the trachea
that lead into the lungs, causing difficulty in
breathing. Bronchospasm is a common complica-
tion in heavy smokers under anesthesia.

Clearance—The rate at which a drug or other sub-
stance is removed from the blood by the liver or
kidneys.

Indicated test—A test that is given for a specific
clinical reason.

Invasiveness—A term that refers to the extent of
surgical intrusion into the body or a part of the
body. An invasive procedure is one that requires
the insertion of a needle, catheter, or surgical in-
strument.

Nurse anesthetist—A registered nurse who has
obtained advanced training in anesthesia delivery
and patient care.

Routine test—A medical test performed on all pa-
tients without regard to specific medical condi-
tions.

Sedative—A type of medication given to calm or
relax patients before surgery.
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Anesthesia, general
Definition

General anesthesia is the induction of a balanced
state of unconsciousness, accompanied by the absence of
pain sensation and the paralysis of skeletal muscle over
the entire body. It is induced through the administration
of anesthetic drugs and is used during major surgery and
other invasive surgical procedures.

Purpose

General anesthesia is intended to bring about five
distinct states during surgery:

« analgesia, or pain relief

* amnesia, or loss of memory of the procedure
* loss of consciousness

» motionlessness

 weakening of autonomic responses

Precautions

A complete medical history, including a history of
allergies in family members, is an important precaution.
Patients may have a potentially fatal allergic response to
anesthesia known as malignant hyperthermia, even if
there is no previous personal history of reaction.

General anesthetics should be administered only by
board-certified medical professionals. Anesthesia
providers consider many factors, including a patient’s
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age, weight, allergies to medications, medical history,
and general health when deciding which anesthetic or
combination of anesthetics to use. The American Society
of Anesthesiologists has compiled guidelines for classi-
fying patients according to risk levels as follows:

« I: healthy patient

« II: patient with mild systemic disease without function-
al limitations

o [II: patient with severe systemic disease with definite
functional limitations

« IV: patient with severe systemic disease that is life-
threatening

« V: dying patient not expected to survive for 24 hours
without an operation

Equipment for general anesthesia should be thor-
oughly checked before the operation; all items that might
be needed, such as extra tubes or laryngoscope blades,
should be available. Staff members should be knowl-
edgeable about the problems that might arise with the
specific anesthetic being used, and be able to recognize
them and respond appropriately. General anesthetics
cause a lowering of the blood pressure (hypotension), a
response that requires close monitoring and special
drugs to reverse it in emergency situations.

Description

General anesthetics may be gases or volatile liquids
that evaporate as they are inhaled through a mask along
with oxygen. Other general anesthetics are given intra-
venously. The amount of anesthesia produced by inhal-
ing a general anesthetic can be adjusted rapidly, if neces-
sary, by adjusting the anesthetic-to-oxygen ratio that is
inhaled by the patient. The degree of anesthesia pro-
duced by an intravenously injected anesthetic cannot be
changed as rapidly and must be reversed by administra-
tion of another drug.

The precise mechanism of general anesthesia is not
yet fully understood. There are, however, several hy-
potheses that have been advanced to explain why gener-
al anesthesia occurs. The first, the so-called Meyer-
Overton theory, suggests that anesthesia occurs when a
sufficient number of molecules of an inhalation anes-
thetic dissolve in the lipid cell membrane. The second
theory maintains that protein receptors in the central
nervous system are involved, in that inhalation anesthet-
ics inhibit the enzyme activity of proteins. A third hy-
pothesis, proposed by Linus Pauling in 1961, suggests
that anesthetic molecules interact with water molecules
to form clathrates (hydrated microcrystals), which in
turn inhibit receptor function.
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Aneesthesia, general

A nurse anesthetist injecting medication into the intra-
venous tube of a patient during surgery. (Photo Researchers
Inc. Reproduced by permission.)

Stages of anesthesia

There are four stages of general anesthesia that help
providers to better predict the course of events, from
anesthesia induction to emergence.

» Stage I begins with the induction of anesthesia and
ends with the patient’s loss of consciousness. The pa-
tient still feels pain in Stage 1.

« Stage I, or REM stage, includes uninhibited and some-
times dangerous responses to stimuli, including vomit-
ing and uncontrolled movement. This stage is typically
shortened by administering a barbiturate, such as sodi-
um pentothal, before the anesthetic agent.

« Stage III, or surgical anesthesia, is the stage in which
the patient’s pupillary gaze is central and the pupils are
constricted. This is the target depth of surgical anesthe-
sia. During this stage, the skeletal muscles relax, the
patient’s breathing becomes regular, and eye move-
ments stop.
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« Stage 1V, or overdose, is marked by hypotension or cir-
culatory failure. Death may result if the patient cannot
be revived quickly.

Types of anesthetic agents

There are two major types of anesthetics used for
general anesthesia, inhalation and intravenous anesthet-
ics. Inhalation anesthetics, which are sometimes called
volatile anesthetics, are compounds that enter the body
through the lungs and are carried by the blood to body
tissues. Inhalation anesthetics are less often used alone
in recent clinical practice; they are usually used together
with intravenous anesthetics. A combination of inhala-
tion and intravenous anesthetics, often with opioids
added for pain relief and neuromuscular blockers for
muscle paralysis, is called balanced anesthesia.

INHALATION ANESTHETICS. The following are the
most commonly used inhalation anesthetics:

» Halothane causes unconsciousness but provides little
pain relief; often administered with analgesics. It may
be toxic to the liver in adults. Halothane, however, has
a pleasant smell and is therefore often the anesthetic of
choice when mask induction is used with children.

« Enflurane is less potent, but produces a rapid onset of
anesthesia and possibly a faster recovery. Enflurane is
not used in patients with kidney failure.

« Isoflurane is not toxic to the liver but can induce irregu-
lar heart rthythms.

« Nitrous oxide (laughing gas) is used with other such
drugs as thiopental to produce surgical anesthesia. It has
the fastest induction and recovery time. It is regarded as
the safest inhalation anesthetic because it does not slow
respiration or blood flow to the brain. However, because
nitrous oxide is a relatively weak anesthetic, it is not
suited for use in major surgery. Although it may be used
alone for dental anesthesia, it should not be used as a
primary agent in more extensive procedures.

 Sevoflurane works quickly and can be administered
through a mask since it does not irritate the airway. On
the other hand, one of the breakdown products of
sevoflurane can cause renal damage.

« Desflurane, a second-generation version of isoflurane,
is irritating to the airway and therefore cannot be used
for mask (inhalation) inductions, especially not in chil-
dren. Desflurane causes an increase in heart rate, and
so should be avoided for patients with heart problems.
Its advantage is that it provides a rapid awakening with
few adverse effects.

INTRAVENOUS ANESTHETICS. Commonly adminis-
tered intravenous general anesthetics include ketamine,
thiopental (a barbiturate), methohexital (Brevital), eto-
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midate, and propofol (Diprivan). Ketamine produces a
different set of reactions from other intravenous anes-
thetics. It resembles phencyclidine, which is a street drug
that may cause hallucinations. Because patients who
have been anesthetized with ketamine often have sensory
illusions and vivid dreams during post-operative recov-
ery, ketamine is not often given to adult patients. It is,
however, useful in anesthetizing children, patients in
shock, and trauma casualties in war zones where anes-
thesia equipment may be difficult to obtain.

General anesthesia in dental procedures

The use of general anesthesia in dental and oral
surgery patients differs from its use in major surgery be-
cause the patient’s level of fear is usually a more important
factor than the nature of the procedure. In 1985, an NIH
Consensus Statement reported that high levels of preopera-
tive anxiety, lengthy and complex procedures, and the need
for a pain-free operative period may be indications for gen-
eral anesthesia in healthy adults and very young children.
The NIH statement specified that at least three profession-
als are required when general anesthesia is used during
dental procedures: one is the operating dentist; the second
is a professional responsible for observing and monitoring
the patient; the third person assists the operating dentist.

Although the United States allows general anesthe-
sia for dental procedures to be administered outside hos-
pitals (provided that the facility has the appropriate
equipment and emergency drugs), Scotland banned the
use of general anesthesia outside hospitals in 2000, after
a ten-year-old boy died during a procedure to have a
tooth removed.

Preparation

Preparation for general anesthesia includes the tak-
ing of a complete medical history and the evaluation of
all factors—especially a family history of allergic re-
sponses to anesthetics—that might influence the pa-
tient’s response to specific anesthetic agents.

Patients should not eat or drink before general anes-
thesia because of the risk of regurgitating food and liquid
or aspirating vomitus into the lungs.

Informed consent

Patients should be informed of the risks associated
with general anesthesia as part of their informed
consent. These risks include possible dental injuries from
intubation as well as such serious complications as
stroke, liver damage, or massive hemorrhage. If local
anesthesia is an option for some procedures, the patient
should be informed of this alternative. In all cases, pa-

GALE ENCYCLOPEDIA OF SURGERY

tients should be given the opportunity to ask questions
about the risks and benefits of the procedure requiring
anesthesia as well as questions about the anesthesia itself.

Premedication

Depending on the patient’s level of anxiety and the
procedure to be performed, the patient may be premed-
icated. Most medications given before general anesthesia
are either anxiolytics, usually benzodiazepines; or anal-
gesics. Patients in severe pain prior to surgery may be
given morphine or fentanyl. Anticholinergics (drugs that
block impulses from the parasympathetic nervous sys-
tem) may be given to patients with a known history of
bronchospasm or heavy airway secretions.

Aftercare

The anesthetist and medical personnel provide sup-
plemental oxygen and monitor patients for vital signs
and monitor their airways. Vital signs include an EKG
(unless the patient is hooked up to a monitor), blood
pressure, pulse rate, oxygen saturation, respiratory rate,
and temperature. The staff also monitors the patient’s
level of consciousness as well as signs of excess bleed-
ing from the incision.

Risks

Although the risk of serious complications from gener-
al anesthesia are low, they can include heart attack, stroke,
brain damage, and death. The risk of complications depends
in part on the patient’s age, sex, weight, allergies, general
health, and history of smoking, alcohol or drug use.

The overall risk of mortality from general anesthesia
is difficult to evaluate, because so many different factors
are involved, ranging from the patient’s overall health
and the circumstances preceding surgery to the type of
procedure and the skill of the physicians involved. The
risk appears to be somewhere between 1:1,000 and
1:100,000, with infants younger than age one and pa-
tients older than 70 being at greater risk.

Awareness during surgery

One possible complication is the patient’s “waking
up” during the operation. It is estimated that about
30,000 patients per year in the United States “come to”
during surgery. This development is in part the result of
the widespread use of short-acting general anesthetics
combined with blanket use of neuromuscular blockade.
The patients are paralyzed with regard to motion, but
otherwise “awake and aware.” At present, special devices
that measure brain wave activity are used to monitor the
patient’s state of consciousness. The bispectral index
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KEY TERMS

Analgesia—Relief from pain.

Anticholinergics—Drugs that interfere with im-
pulses from the parasympathetic nervous system.
They may be given before general anesthesia to
reduce airway secretions or the risk of bron-
chospasm.

Anxiolytics—Medications given to reduce anxi-
ety; tranquilizers. Benzodiazepines are the anxi-
olytics most commonly used to premedicate pa-
tients before general anesthesia.

Balanced anesthesia—The use of a combination
of inhalation and intravenous anesthetics, often
with opioids for pain relief and neuromuscular
blockers for muscle paralysis.

Clathrates—Substances in which a molecule from
one compound fills a space within the crystal lat-
tice of another compound. One theory of general
anesthesia proposes that water molecules interact
with anesthetic molecules to form clathrates that
decrease receptor function.

Laryngoscope—An endoscope equipped for view-
ing a patient’s larynx through the mouth.

Malignant hyperthermia—A type of allergic reac-
tion (probably with a genetic basis) that can occur
during general anesthesia in which the patient ex-
periences a high fever, the muscles become rigid,
and the heart rate and blood pressure fluctuate.

Volatile anesthetics—Another name for inhalation
anesthetics.

monitor was approved by the FDA in 1996 and the pa-
tient state analyzer in 1999.

Nausea and vomiting

Post-operative nausea and vomiting is a common
problem during recovery from general anesthesia. In ad-
dition, patients may feel drowsy, weak, or tired for sever-
al days after the operation, a combination of symptoms
sometimes called the hangover effect. Fuzzy thinking,
blurred vision, and coordination problems are also possi-
ble. For these reasons, anyone who has had general anes-
thesia should not drive, operate machinery, or perform
other activities that could endanger themselves or others
for at least 24 hours, or longer if necessary.

Anesthetic toxicity

Inhalation anesthetics are sometimes toxic to the
liver, the kidney, or to blood cells. Halothane may cause
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hepatic necrosis or hepatitis. Sevoflurane may react with
the carbon dioxide absorbents in anesthesia machines to
form compound A, a haloalkene that is toxic to the kid-
neys. The danger to red blood cells comes from carbon
monoxide formed by the breakdown products of inhala-
tion anesthetics in the circuits of anesthesia machines.

Malignant hyperthermia

Malignant hyperthermia is a rare condition caused by
an allergic response to a general anesthetic. The signs of
malignant hyperthermia include rapid, irregular heartbeat;
breathing problems; very high fever; and muscle tightness
or spasms. These symptoms can occur following the ad-
ministration of general anesthetics, especially halothane.

Normal results

General anesthesia is much safer today than it was
in the past, thanks to faster-acting anesthetics; improved
safety standards in the equipment used to deliver the
drugs; and better devices to monitor breathing, heart
rate, blood pressure, and brain activity during surgery.
Unpleasant side effects are also less common, in part be-
cause of recent developments in equipment that reduces
the problems of anesthetizing patients who are difficult
to intubate. These developments include the laryngeal
mask airway and the McCoy laryngoscope, which has a
hinged tip on its blade that allows a better view of the pa-
tient’s larynx.
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Anesthesia, local
Definition

Local, or regional, anesthesia involves the injection
or application of an anesthetic drug to a specific area of
the body. This is in contrast to general anesthesia, which
provides anesthesia to the entire body and brain.

Purpose

Local anesthetics are used to prevent patients from
feeling pain during medical, surgical, or dental proce-
dures. Over-the-counter local anesthetics are also avail-
able to provide temporary relief from pain, irritation, and
itching caused by various conditions such as cold sores,
canker sores, sore throats, sunburn, insect bites, poison
ivy, and minor cuts and scratches.

Precautions

People who feel strongly that they do not want to be
awake and alert during certain procedures may not be
good candidates for local or regional anesthesia. Howev-
er, other medications that have systemic effects may be
given in addition to an anesthetic to relieve anxiety and
help the patient relax.

Local anesthetics should be used only for the condi-
tions for which they are intended. For example, a topical
anesthetic meant to relieve sunburn pain should not be
used on cold sores. Anyone who has had an unusual re-
action to any local anesthetic in the past should check
with a doctor before using any type of local anesthetic
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again. The doctor should also be told about any allergies
to foods, dyes, preservatives, or other substances.

Older people may be more sensitive to the effects of
local anesthetics, especially lidocaine. Children may also
be especially sensitive to some local anesthetics, and cer-
tain types should not be used at all on young children.
People caring for these groups need to be aware that they
are at increased risk of more severe side effects. Pack-
ages should be followed carefully so that the recom-
mended dosage is not exceeded. A doctor or pharmacist
should be consulted about any concerns.

Regional anesthetics

Serious and possibly life-threatening side effects
may occur when injectable or inhaled anesthetics are
given to people who use street drugs. Doctors and nurses
should inform patients about the dangers of mixing anes-
thetics with cocaine, marijuana, amphetamines, barbitu-
rates, phencyclidine (PCP, or angel dust), heroin, or
other street drugs. Some anesthetic drugs may interact
with other medicines. When this happens, the effects of
one or both of the drugs may change, or the risk of side
effects may be greater. In select cases, a urinalysis can
help identify drug use.

Patients who have a personal or family history of
malignant hyperthermia after receiving a general anes-
thetic must also be cautious when receiving regional or
local anesthetics. Malignant hyperthermia is a serious re-
action that involves a fast or irregular heartbeat, high
fever, breathing problems, and muscle spasms. All pa-
tients should be asked if they are aware of such a risk in
their family before receiving any kind of anesthetic.

Although problems are rare, some side effects may
occur when regional anesthetics are used during labor
and delivery. Anesthetics can prolong labor and increase
the risk of requiring a cesarean section. Doctors should
discuss the risks and benefits associated with epidural or
spinal anesthesia with pregnant patients.

Regional anesthetics should be used only by an ex-
perienced anesthesiologist in a properly equipped envi-
ronment with suitable resuscitative equipment. Although
these anesthetics are generally safe when properly se-
lected and administered, severe adverse reactions are still
possible. If inadvertent subarachnoid injection occurs,
the patient is likely to require resuscitation with oxygen
and drug therapy. Careful positioning of the patient is es-
sential to prevent leaking of cerebrospinal fluid.

Patients should not drive or operate machinery im-
mediately following a procedure involving regional
anesthesia because numbness or weakness may cause
impairment. Doctors and nurses should also warn pa-
tients who have had local anesthesia, especially when
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combined with drugs to make patients sleep or to reduce
pain, about operating any type of machinery.

Injectable local anesthetics

Until the anesthetic wears off, patients should be
careful not to inadvertently injure the numbed area. If
the anesthetic was used in the mouth, patients should not
eat or chew gum until feeling returns.

Topical anesthetics

Unless advised by a doctor, topical anesthetics
should not be used on or near any part of the body with
large sores, broken or scraped skin, severe injury, or in-
fection. They should also not be used on large areas of
skin. Some topical anesthetics contain alcohol and
should not be used near an open flame or while smoking.

Patients should be careful not to get topical anesthet-
ics in the eyes, nose, or mouth. If a spray-type anesthetic
is to be used on the face, it can be applied with a cotton
swab or sterile gauze pad. After using a topical anesthetic
on a child, the caregiver should make sure the child does
not get the medicine in his or her mouth or eyes.

Topical anesthetics are intended for the temporary
relief of pain and itching. They should not be used for
more than a few days at a time. A doctor should be con-
sulted if:

* Discomfort continues for more than seven days.
* The problem gets worse.
* The treated area becomes infected.

e New signs of irritation such as skin rash, burning,
stinging, or swelling appear.

Dental anesthetics

Dental anesthetics should not be used if certain kinds
of infections are present. Package directions should be
checked or a dentist, pharmacist, or doctor should be con-
sulted if there is any uncertainty. Dental anesthetics
should be used only for temporary pain relief. Consult the
dentist if problems such as toothache, mouth sores, or
pain from dentures or braces continue or if signs of gen-
eral illness such as fever, rash, or vomiting develop.

Patients should not eat or chew gum while the
mouth is numb from a dental anesthetic to avoid acci-
dentally biting the tongue or the inside of the mouth. In
addition, nothing should be eaten or drunk for one hour
after applying a dental anesthetic to the back of the
mouth or throat, because the medicine may interfere
with swallowing and may cause choking. If normal feel-
ing does not return to the mouth within a few hours after
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receiving a dental anesthetic or if it is difficult to open
the mouth, the dentist should be consulted.

Ophthalmic anesthetics

When anesthetics are used in the eye, it is important
not to rub or wipe the eye until the effect of the anesthet-
ic has worn off and feeling has returned. Rubbing the eye
while it is numb could cause injury.

Description

Medical procedures and situations that regularly
make use of local or regional anesthesia include the fol-
lowing:

* biopsies, in which skin or tissue samples are taken for
diagnostic procedures

» childbirth
* scar repair

« surgery on the face (including plastic surgery), skin,
arms, hands, legs, and feet

* eye surgery
« surgery involving the urinary tract or reproductive or-
gans

Surgery involving the chest or abdomen is usually
performed under general anesthesia. Laparoscopy and
hernia repair, however, may be performed under local or
regional anesthesia.

Local and regional anesthesia have many advantages
over general anesthesia. Most importantly, the risk of un-
usual and sometimes fatal reactions to general anesthesia
is lessened. More minor, but significant, risks of general
anesthesia include longer recovery time and the psycho-
logical discomfort of losing consciousness.

Regional anesthesia typically affects a larger area
than local anesthesia. As a result, regional anesthesia is
typically used for more involved or complicated proce-
dures. The duration of action of an anesthetic depends on
the type and amount of anesthetic administered.

Regional anesthetics are injected. Local anesthesia
involves the injection into the skin or application to the
skin surface of an anesthetic directly where pain will
occur. Local anesthesia can be divided into four groups:
injectable, topical, dental (non-injectable), and regional
blockade injection.

Local and regional anesthesia work by altering the
flow of sodium molecules into nerve cells (neurons)
through the cell membrane. The exact mechanism is not
understood, since the drug apparently does not bind to
any receptor on the cell surface and does not seem to af-
fect the release of chemicals that transmit nerve impulses
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(neurotransmitters) from the nerve cells. Experts believe,
however, that when the sodium molecules do not get into
the neurons, nerve impulses are not generated and pain
impulses are not transmitted to the brain.

Regional anesthesia
Types of regional anesthesia include:

« Spinal anesthesia, which involves the injection of a
small amount of local anesthetic into the cerebrospinal
fluid surrounding the spinal cord (the subarachnoid
space). A drop in blood pressure is a common but easi-
ly treated side effect.

* Epidural anesthesia, which involves the injection of a
large volume of local anesthetic into the space sur-
rounding the spinal fluid sac (the epidural space), not
directly into the spinal fluid. Pain relief occurs more
slowly, but is less likely to produce a drop in blood
pressure. The block can be maintained for long periods,
even for days if necessary.

 Nerve blockades, which involve the injection of an
anesthetic into the area around a sensory or motor
nerve that supplies a particular region of the body, pre-
venting the nerve from carrying nerve impulses to and
from the brain.

Local and regional anesthetics may be administered
with other drugs to enhance their action. Examples in-
clude vasoconstrictors such as epinephrine (adrenaline) to
decrease bleeding, or sodium bicarbonate to lower acidi-
ty, which may make a drug work faster. In addition, med-
ications may be administered to help a patient remain
calm and more comfortable or to make them sleepy.

Local anesthesia

INJECTABLE LOCAL ANESTHETICS. Injectable local
anesthetics provide pain relief for some part of the body
during surgery, dental procedures, or other medical pro-
cedures. They are given only by a trained health care
professional and only in a doctor’s office or a hospital.
Some commonly used injectable local anesthetics are li-
docaine (Xylocaine), bupivacaine (Marcaine), and mepi-
vacaine (Carbocaine).

TOPICAL ANESTHETICS. Topical anesthetics such as
benzocaine, lidocaine (in smaller quantities or doses),
dibucaine, and tetracaine relieve pain and itching by
blocking the sensory nerve endings in the skin. They are
ingredients in a variety of nonprescription products that
are applied to the skin to relieve the discomfort of sun-
burn, insect bites or stings, poison ivy, and minor cuts,
scratches, and burns. These products are sold as creams,
ointments, sprays, lotions, and gels.
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Topical dental anesthetics are intended for pain re-
lief in the mouth or throat. They may be used to relieve
throat pain, teething pain, painful canker sores,
toothaches, or discomfort from dentures, braces, or
bridgework. Some dental anesthetics are available only
with a doctor’s prescription. Others may be purchased
over the counter, including products such as Num-Zit,
Orajel, Chloraseptic lozenges, and Xylocaine.

Ophthalmic anesthetics are designed for use in the
eye. Lidocaine and tetracaine are used to numb the eye be-
fore certain eye examinations. Eye doctors may also use
these medicines before measuring eye pressure or remov-
ing stitches or foreign objects from the eye. These drugs
are to be given only by a trained health care professional.

The recommended dosage of a topical anesthetic de-
pends on the type of local anesthetic and the purpose for
which it is being used. When using a nonprescription local
anesthetic, patients are advised to follow the directions on
the package. Questions concerning how to use a product
should be referred to a doctor, dentist, or pharmacist.

Aftercare

Most patients can return home immediately after a
local anesthetic, but some patients might require limited
observation. The degree of aftercare needed depends on
where the anesthetic was given, how much was given,
and other individual circumstances. Patients who have
had their eyes numbed should wear a patch after surgery
or treatment until full feeling in the eye area has re-
turned. If the throat was anesthetized, the patient cannot
drink until the gag reflex returns. If a major extremity
was anesthetized, the patient may have to wait until
function returns before being discharged. Some local
anesthetics can cause cardiac arrhythmias and therefore
require monitoring for a time with an EKG. Patients who
have had regional anesthesia or larger amounts of local
anesthesia usually recover in a post-anesthesia care unit
before being discharged. There, medical personnel watch
for immediate postoperative problems. These patients
need to be driven home after discharge.

Risks

Side effects of regional or local anesthetics vary de-
pending on the type of anesthetic used and the way it is
administered. Any unusual symptoms following the use
of an anesthetic requires the immediate attention of a
doctor.

Paralysis after a regional anesthetic such as an
epidural, spinal, or ganglionic blockade is extremely
rare, but can occur. Paralysis reportedly occurs even less
frequently than deaths due to general anesthesia.
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There is also a small risk of developing a severe
headache called a spinal headache following a spinal or
epidural block. This headache is severe when the patient
is upright, even when only elevated 30°, and is hardly
felt when the patient lies down. It is treated by increasing
fluids to help clear the anesthetic and enhance the flow
of spinal fluid.

Finally, blood clots or abscess can form at the site
where an anesthetic is injected. Although they can usual-
ly be treated, antibiotic resistance is becoming increas-
ingly common. Such infections must be regarded as po-
tentially dangerous, particularly if they develop at the
site of a spinal injection.

A physician should be notified immediately if any
of the following occur:

» symptoms of an allergic reaction such as hives (ur-
ticaria), which are itchy swellings on the skin, or
swelling in the mouth or throat

» severe headache

* blurred or double vision or photophobia (sensitivity to
light)

* dizziness or lightheadedness

* drowsiness

* confusion

* an irregular, too slow, or rapid heartbeat

e anxiety, excitement, nervousness, or restlessness
» convulsions (seizures)

« feeling hot, cold, or numb anywhere other than the
anesthetized area

* ringing or buzzing in the ears
* shivering or trembling

* sweating

* pale skin

* breathing problems

» unusual weakness or tiredness

Normal results

Local and regional anesthetics help to make many
conditions and procedures more comfortable and tolera-
ble for patients.

Resources

BOOKS

Nettina, Sandra. Lippincott Manual of Nursing Practice, Tth
edition. Philadelphia: Lippincott, 2001, pp. 115-117.

ORGANIZATIONS

American Academy of Anesthesiologist Assistants. PO Box
81362, Wellesley, MA 02481-0004. (800) 757-5858.
<http://www.anesthetist.org>.

66

KEY TERMS

Canker sore—A painful sore inside the mouth.

Cerebrospinal fluid—A clear fluid that fills the
hollow cavity inside the brain and spinal cord.
The cerebrospinal fluid has several functions, in-
cluding providing a cushion for the brain against
shock or impact, and removing waste products
from the brain.

Cold sore—A small blister on the lips or face,
caused by a virus. Also called a fever blister.

Epidural space—The space surrounding the spinal
fluid sac.

Malignant hyperthermia—A type of reaction
(probably with a genetic basis) that can occur dur-
ing general anesthesia in which the patient experi-
ences a high fever, the muscles become rigid, and
the heart rate and blood pressure fluctuate.

Subarachnoid space—The space surrounding the
spinal cord that is filled with cerebrospinal fluid.

Topical—Not ingested; applied to the outside of
the body, for example to the skin, eye, or mouth.

American Society of Anesthesiologists. 520 N. Northwest
Highway, Park Ridge, IL 60068-2573. (847) 825-5586.
<http://www.asahq.org>.

OTHER

Interview with Harvey Plosker, MD. The Pain Center. 501
Glades Road, Boca Raton, FL 33431.

Lisette Hilton
Sam Uretsky, PharmD

Anesthesiologist’s role
Definition

The anesthesiologist’s role is the practice of medi-
cine dedicated to the relief of pain and total care of the
surgical patient before, during, and after surgery.

Training

Anesthesiologists are fully trained physicians. After
completing a four-year college program and four years
of medical school, anesthesiologists undergo four addi-
tional years of specialized residency training. Some will
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spend one to two more years training in such anesthesi-
ology subspecialty areas as obstetrics, neurosurgery, car-
diac surgery, pediatrics, or critically ill patients, or to
learn more about the treatment of pain. Others may se-
lect to work in research laboratories, investigating, for
example, how anesthetics work and how they influence
disease or recovery.

In the United States, the education of anesthesiologists
takes into account their ever-expanding role in offering the
best-quality health care available anywhere in the world.

Description

The medical expertise of recent generations of anes-
thesiologists has significantly expanded the role of the
anesthesiologist. Historically, the anesthesiologist’s role
was limited to that of the physician who administers
anesthesia to suppress pain and consciousness in a pa-
tient undergoing surgery. Now, anesthesiologists also
provide medical care in settings other than the operating
room. The American Society of Anesthesiologists de-
fines the anesthesiologist as the perioperative physi-
cian—the “all-around” physician responsible for provid-
ing medical care to each patient undergoing surgery at
all stages. This includes providing the medical evalua-
tion of the patient before surgery (preoperative), holding
consultations with the surgical team, providing pain
control and support of life functions during surgery (in-
traoperative), supervising care after surgery (postopera-
tive), and discharging the patient from the recovery unit.

Specifically, the anesthesiologist’s role has moved be-
yond just the operating room and into other areas of care.

* Ninety percent of the approximately 40 million anes-
thetics used annually in the United States is adminis-
tered by anesthesiologists. During a surgical procedure,
the anesthesiologist continually assesses the medical
status of the patient, monitoring and controlling vital
life functions, as well as managing pain.

* Postoperatively the anesthesiologist determines when a
patient can return home following an outpatient proce-
dure and when a patient can be moved to another ward
following a procedure that requires hospitalization.

 The anesthesiologist is also involved in postoperative
pain management, prescribing the appropriate pain-
relieving medication and therapies.

* The anesthesiologist also prescribes individualized
drug therapies to patients suffering from acute, chronic,
and cancer pain.

* During childbirth, the anesthesiologist must provide
pain relief with epidural or spinal blocks for the mother
while managing the life functions of both the mother
and the baby.
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KEY TERMS

Anesthetic—A drug that causes unconsciousness
or a loss of general sensation.

Anesthesia—Loss of normal sensation or feeling.

Angioplasty—The surgical repair of a blood ves-
sel.

Catheterization—Placement of a flow-directed
catheter for measuring pulmonary arterial pres-
sures.

Endoscopy—The visual inspection of any cavity of
the body by means of an endoscope.

Intraoperative—During surgery.
Postoperative—After surgery.
Preoperative—Before surgery.

« In critical care and trauma medicine, the anesthesiolo-
gist makes immediate diagnoses while supporting res-
piratory and cardiovascular functions, controlling in-
fection, providing airway management, cardiac and
pulmonary resuscitation, advanced life support, and
pain control.

* The anesthesiologist is also present during cardiac
catheterizations, angioplasties, radiological imaging,
gastrointestinal endoscopies, in vitro fertilization,
electroshock therapy, and respiratory therapy.

« The anesthesiologist participates in research and clini-
cal studies, as well as medical education programs and
legislative activities.

In the past, complications caused by the use of anes-
thesia were a medical issue; however during the past 25
years, complications have significantly declined. Despite
the growing need for anesthesia and the doubling of the
total number of anesthesiologists practicing within the
United States since 1970, patient outcomes have im-
proved. During the past 10 years, the number of deaths
resulting from anesthesia have dropped from an estimat-
ed one in 10,000 to one in 250,000.

Resources

BOOKS

Jaffe, R. A. and S. 1. Samuels, eds. Anesthesiologist’s Manual
of Surgical Procedures. Philadelphia: Lippincott Williams
and Wilkins Publishers, 1999.

Morgan, G. E., M. S. Mikhail, M. J. Murray, and P. C. Larson.
Clinical Anesthesiology. New York: McGraw-Hill, 2001.

Stoelting, R. K. and R. D. Miller. Basics of Anesthesia. New
York: Churchill Livingstone, 2000.
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PERIODICALS

Guzzi, L. M. “The Anesthesiologist’s Role in Nuclear, Biologi-
cal and Chemical Warfare: A Response.” ASA Newsletter
66, no. 3 (March 2002).

ORGANIZATIONS

American Board of Anesthesiology. 4101 Lake Boone Trail,
Suite 510, Raleigh, North Carolina 27607-7506. (919)
881-2570. <http://www.abanes.org/>.

American Society of Anesthesiologists. 520 N. Northwest
Highway, Park Ridge, IL 60068-2573. (847) 825-5586.
<http://www.asahq.org/>.

OTHER

“Anesthesiology.” [cited April 24, 2003]. <http://jhhs.client.
web-health.com/web-health/topics/GeneralHealth/gener
alhealthsub/generalhealth/surgicalpro/anesthesiology.
html >.

Florida Society of Anesthesiologists. “The role of an anesthesiol-
ogist.” [cited April 24, 2003]. <http://www.fsahq.org/role.
htm>.

Monique Laberge, Ph.D.

Aneurysm repair, aortic see Aortic
aneurysm repair

Aneurysm repair, cerebral see Cerebral
aneurysm repair

Angiography
Definition

Angiography is the x-ray (radiographic) study of the
blood vessels. An angiogram uses a radiopaque substance,
or contrast medium, to make the blood vessels visible
under x ray. The key ingredient in most radiographic con-
trast media is iodine. Arteriography is a type of radiograph-
ic examination that involves the study of the arteries.

Purpose

Angiography is used to detect abnormalities, in-
cluding narrowing (stenosis) or blockages in the blood
vessels (called occlusions) throughout the circulatory
system and in some organs. The procedure is common-
ly used to identify atherosclerosis; to diagnose heart
disease; to evaluate kidney function and detect kidney
cysts or tumors; to map renal anatomy in transplant
donors; to detect an aneurysm (an abnormal bulge of an
artery that can rupture leading to hemorrhage), tumor,
blood clot, or arteriovenous malformations (abnormal
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tangles of arteries and veins) in the brain; and to diag-
nose problems with the retina of the eye. It is also used
to provide surgeons with an accurate vascular “map” of
the heart prior to open-heart surgery, or of the brain
prior to neurosurgery. Angiography may be used after
penetrating trauma, like a gunshot or knife wound, to
detect blood vessel injury; it may be used to check the
position of shunts and stents placed by physicians into
blood vessels.

Precautions

Patients with kidney disease or injury may suffer fur-
ther kidney damage from the contrast media used for an-
giography. Patients who have blood-clotting problems,
have a known allergy to contrast media, or are allergic to
iodine may also not be suitable candidates for an angiog-
raphy procedure. Newer types of contrast media classi-
fied as non-ionic are less toxic and cause fewer side ef-
fects than traditional ionic agents. Because x rays carry
risks of ionizing radiation exposure to the fetus, pregnant
women are also advised to avoid this procedure.

Description

Angiography requires the injection of a contrast
medium that makes the blood vessels visible to x ray.
The contrast medium is injected through a procedure
known as arterial puncture. The puncture is usually made
in the groin area, armpit, inside elbow, or neck.

Patients undergoing an angiogram are advised to
stop eating and drinking eight hours prior to the proce-
dure. They must remove all jewelry before the procedure
and change into a hospital gown. If the arterial puncture
is to be made in the armpit or groin area, shaving may be
required. A sedative may be administered to relax the pa-
tient for the procedure. An IV (intravenous) line is also
inserted into a vein in the patient’s arm before the proce-
dure begins, in case medication or blood products are re-
quired during the angiogram or complications arise.

Prior to the angiographic procedure, patients are
briefed on the details of the test, the benefits and risks,
and the possible complications involved, and asked to
sign an informed consent form.

The site is cleaned with an antiseptic agent and in-
jected with a local anesthetic. Then, a small incision is
made in the skin to help the needle pass. A needle con-
taining a solid inner core called a stylet is inserted
through the incision and into the artery. When the radiol-
ogist has punctured the artery with the needle, the stylet
is removed and replaced with another long wire called a
guide wire. It is normal for blood to spurt out of the nee-
dle before the guide wire is inserted.
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The guide wire is fed through the outer needle into
the artery to the area that requires angiographic study. A
fluoroscope displays a view of the patient’s vascular sys-
tem and is used to direct the guide wire to the correct lo-
cation. Once it is in position, the needle is then removed,
and a catheter is threaded over the length of the guide
wire until it to reaches the area of study. The guide wire
is then removed, and the catheter is left in place in prepa-
ration for the injection of the contrast medium.

Depending on the type of angiographic procedure
being performed, the contrast medium is either injected
by hand with a syringe or is mechanically injected with
an automatic injector, sometimes called a power injector,
connected to the catheter. An automatic injector is used
frequently because it is able to deliver a large volume of
contrast medium very quickly to the angiographic site.
Usually a small test injection is made by hand to confirm
that the catheter is in the correct position. The patient is
told that the injection will start, and is instructed to re-
main very still. The injection causes some mild to moder-
ate discomfort. Possible side effects or reactions include
headache, dizziness, irregular heartbeat, nausea, warmth,
burning sensation, and chest pain, but they usually last
only momentarily. To view the area of study from differ-
ent angles or perspectives, the patient may be asked to
change positions several times, and subsequent contrast
medium injections may be administered. During any in-
jection, the patient or the imaging equipment may move.

Throughout the injection procedure, radiographs (x-
ray pictures) or fluoroscopic images are obtained. Be-
cause of the high pressure of arterial blood flow, the con-
trast medium dissipates through the patient’s system
quickly and becomes diluted, so images must be obtained
in rapid succession. One or more automatic film changers
may be used to capture the required radiographic images.
In many imaging departments, angiographic images are
captured digitally, obviating the need for film changers.
The ability to capture digital images also makes it possi-
ble to manipulate the information electronically allowing
for a procedure known as digital subtraction angiography
(DSA). Because every image captured is comprised of
tiny picture elements called pixels, computers can be
used to manipulate the information in ways that enhance
diagnostic information. One common approach is to elec-
tronically remove or (subtract) bony structures that other-
wise would be superimposed over the vessels being stud-
ied, hence the name digital subtraction angiography.

Once the x rays are complete, the catheter is slowly
and carefully removed from the patient. Manual pressure
is applied to the site with a sandbag or other weight for
10 to 20 minutes to allow for clotting to take place and
the arterial puncture to reseal itself. A pressure bandage
is then applied.
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X ray showing a brain aneurism (to the right of the midline).
(CNRI/National Audubon Society Collection/Photo Researchers,
Inc. Reproduced by permission.)

Most angiograms follow the general procedures out-
lined above, but vary slightly depending on the area of
the vascular system being studied. A variety of common
angiographic procedures are outlined below:

Cerebral angiography

Cerebral angiography is used to detect aneurysms,
stenosis, blood clots, and other vascular irregularities in
the brain. The catheter is inserted into the femoral or
carotid artery, and the injected contrast medium travels
through the blood vessels in the brain. Patients frequent-
ly experience headache, warmth, or a burning sensation
in the head or neck during the injection portion of the
procedure. A cerebral angiogram takes two to four hours
to complete.

Coronary angiography

Coronary angiography is administered by a cardiol-
ogist with training in radiology or, occasionally, by a ra-
diologist. The arterial puncture is typically made in the
femoral artery, and the cardiologist uses a guide wire and
catheter to perform a contrast injection and x-ray series
on the coronary arteries. The catheter may also be placed
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in the left ventricle to examine the mitral and aortic
valves of the heart. If the cardiologist requires a view of
the right ventricle of the heart or of the tricuspid or pul-
monic valves, the catheter is inserted through a large
vein and guided into the right ventricle. The catheter also
serves the purpose of monitoring blood pressures in
these different locations inside the heart. The angio-
graphic procedure takes several hours, depending on the
complexity of the procedure.

Pulmonary angiography

Pulmonary, or lung, angiography is performed to
evaluate blood circulation to the lungs. It is also consid-
ered the most accurate diagnostic test for detecting a pul-
monary embolism. The procedure differs from cerebral
and coronary angiography in that the guide wire and
catheter are inserted into a vein instead of an artery, and
are guided up through the chambers of the heart and into
the pulmonary artery. Throughout the procedure, the pa-
tient’s vital signs are monitored to ensure that the
catheter doesn’t cause arrhythmias, or irregular heart-
beats. The contrast medium is then injected into the pul-
monary artery where it circulates through the lungs’ cap-
illaries. The test typically takes up to 90 minutes and car-
ries more risk than other angiography procedures.

Kidney (renal) angiography

Patients with chronic renal disease or injury can suf-
fer further damage to their kidneys from the contrast
medium used in a renal angiogram, yet they often re-
quire the test to evaluate kidney function. These patients
should be well hydrated with an intravenous saline drip
before the procedure, and may benefit from available
medications (e.g., dopamine) that help to protect the kid-
ney from further injury associated with contrast agents.
During a renal angiogram, the guide wire and catheter
are inserted into the femoral artery in the groin area and
advanced through the abdominal aorta, the main artery in
the abdomen, and into the renal arteries. The procedure
takes approximately one hour.

Fluorescein angiography

Fluorescein angiography is used to diagnose retinal
problems and circulatory disorders. It is typically con-
ducted as an outpatient procedure. The patient’s pupils
are dilated with eye drops, and he or she rests the chin
and forehead against a bracing apparatus to keep it still.
Sodium fluorescein dye is then injected with a syringe
into a vein in the patient’s arm. The dye travels through
the patient’s body and into the blood vessels of the eye.
The procedure does not require x rays. Instead, a rapid
series of close-up photographs of the patient’s eyes are
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taken, one set immediately after the dye is injected, and a
second set approximately 20 minutes later once the dye
has moved through the patient’s vascular system. The en-
tire procedure takes up to one hour.

Celiac and mesenteric angiography

Celiac and mesenteric angiography involves radi-
ographic exploration of the celiac and mesenteric arter-
ies, arterial branches of the abdominal aorta that supply
blood to the abdomen and digestive system. The test is
commonly used to detect aneurysm, thrombosis, and
signs of ischemia in the celiac and mesenteric arteries,
and to locate the source of gastrointestinal bleeding. It is
also used in the diagnosis of a number of conditions, in-
cluding portal hypertension and cirrhosis. The procedure
can take up to three hours, depending on the number of
blood vessels studied.

Splenoportography

A splenoportograph is a variation of an angiogram
that involves the injection of contrast medium directly
into the spleen to view the splenic and portal veins. It is
used to diagnose blockages in the splenic vein and portal-
vein thrombosis and to assess the patency and location of
the vascular system prior to liver transplantation.

Most angiographic procedures are typically paid for by
major medical insurance. Patients should check with their
individual insurance plans to determine their coverage.

Computerized tomographic angiography (CTA), a
new technique, is used in the evaluation of patients with
intracranial aneurysms. CTA is particularly useful in de-
lineating the relationship of vascular lesions with bony
anatomy close to the skull base. While such lesions can
be demonstrated with standard angiography, it often re-
quires studying several projections of the two-dimension-
al films rendered with standard angiography. CTA is ideal
for more anatomically complex skull-base lesions be-
cause it clearly demonstrates the exact relationship of the
bony anatomy with the vascular pathology. This is not
possible using standard angiographic techniques. Once
the information has been captured a workstation is used
to process and reconstruct images. The approach yields
shaded surface displays of the actual vascular anatomy
that are three dimensional and clearly show the relation-
ship of the bony anatomy with the vascular pathology.

Angiography can also be performed using MRI
(magnetic resonance imaging) scanners. The technique
is called MRA (magnetic resonance angiography). A
contrast medium is not usually used, but may be used in
some body applications. The active ingredient in the
contrast medium used for MRA is one of the rare earth
elements, gadolinium. The contrast agent is injected into
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Arteriosclerosis—A chronic condition character-
ized by thickening and hardening of the arteries
and the build-up of plaque on the arterial walls. Ar-
teriosclerosis can slow or impair blood circulation.

Carotid artery—An artery located in the neck.

Catheter—A long, thin, flexible tube used in angiog-
raphy to inject contrast material into the arteries.

Cirrhosis—A condition characterized by the de-
struction of healthy liver tissue. A cirrhotic liver is
scarred and cannot break down the proteins in the
bloodstream. Cirrhosis is associated with portal hy-
pertension.

Embolism—A blood clot, air bubble, or clot of for-
eign material that travels and blocks the flow of
blood in an artery. When blood supply to a tissue
or organ is blocked by an embolism, infarction
(death of the tissue the artery feeds) occurs. With-
out immediate and appropriate treatment, an em-
bolism can be fatal.

Femoral artery—An artery located in the groin
area that is the most frequently accessed site for ar-
terial puncture in angiography.

Fluorescein dye—An orange dye used to illumi-
nate the blood vessels of the retina in fluorescein
angiography.

an arm vein, and images are acquired with careful atten-
tion being paid to the timing of the injection and selec-
tion of MRI specific imaging parameters. Once the infor-
mation has been captured, a workstation is used to
process and reconstruct the images. The post-processing
capabilities associated with CTA and MRA yield three-
dimensional representations of the vascular pathology
being studied and can also be used to either enhance or
subtract adjacent anatomical structures.

Aftercare

Because life-threatening internal bleeding is a possi-
ble complication of an arterial puncture, an overnight
stay in the hospital is sometimes recommended follow-
ing an angiographic procedure, particularly with cerebral
and coronary angiography. If the procedure is performed
on an outpatient basis, the patient is typically kept under
close observation for a period of at six to 12 hours before
being released. If the arterial puncture was performed in
the femoral artery, the patient is instructed to keep his or
her leg straight and relatively immobile during the obser-
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Fluoroscope—An imaging device that displays
“moving x rays” of the body. Fluoroscopy allows the
radiologist to visualize the guide wire and catheter
he or she is moving through the patient’s artery.

Guide wire—A wire that is inserted into an artery
to guide a catheter to a certain location in the
body.

Ischemia—A lack of normal blood supply to a
organ or body part because of blockages or con-
striction of the blood vessels.

Necrosis—Cellular or tissue death; skin necrosis
may be caused by multiple, consecutive doses of
radiation from fluoroscopic or x-ray procedures.

Plaque—Fatty material that is deposited on the in-
side of the arterial wall.

Portal hypertension—A condition caused by cir-
rhosis of the liver. It is characterized by impaired or
reversed blood flow from the portal vein to the
liver, an enlarged spleen, and dilated veins in the
esophagus and stomach.

Portal vein thrombosis—The development of a
blood clot in the vein that brings blood into the
liver. Untreated portal vein thrombosis causes por-
tal hypertension.

vation period. The patient’s blood pressure and vital
signs are monitored, and the puncture site observed
closely. Pain medication may be prescribed if the patient
is experiencing discomfort from the puncture, and a cold
pack is often applied to the site to reduce swelling. It is
normal for the puncture site to be sore and bruised for
several weeks. The patient may also develop a hematoma
at the puncture site, a hard mass created by the blood
vessels broken during the procedure. Hematomas should
be watched carefully, as they may indicate continued
bleeding of the arterial puncture site.

Angiography patients are also advised to have two
to three days of rest after the procedure in order to avoid
placing any undue stress on the arterial puncture site. Pa-
tients who experience continued bleeding or abnormal
swelling of the puncture site, sudden dizziness, or chest
pain in the days following an angiographic procedure
should seek medical attention immediately.

Patients undergoing a fluorescein angiography
should not drive or expose their eyes to direct sunlight
for 12 hours following the procedure.
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Risks

Because angiography involves puncturing an artery,
internal bleeding or hemorrhage are possible complications
of the test. As with any invasive procedure, infection of the
puncture site or bloodstream is also a risk, but this is rare.

A stroke or heart attack may be triggered by an an-
giogram if blood clots or plaque on the inside of the arte-
rial wall are dislodged by the catheter and form a block-
age in the blood vessels, or if the vessel undergoes tem-
porary narrowing or spasm from irritation by the
catheter. The heart may also become irritated by the
movement of the catheter through its chambers during
pulmonary and coronary angiographic procedures, and
arrhythmias may develop.

Patients who develop an allergic reaction to the con-
trast medium used in angiography may experience a va-
riety of symptoms, including swelling, difficulty breath-
ing, heart failure, or a sudden drop in blood pressure. If
the patient is aware of the allergy before the test is ad-
ministered, certain medications can be administered at
that time to counteract the reaction.

Angiography involves minor exposure to radiation
through the x rays and fluoroscopic guidance used in the
procedure. Unless the patient is pregnant, or multiple radi-
ological or fluoroscopic studies are required, the dose of
radiation incurred during a single procedure poses little
risk. However, multiple studies requiring fluoroscopic ex-
posure that are conducted in a short time period have been
known to cause skin necrosis in some individuals. This risk
can be minimized by careful monitoring and documenta-
tion of cumulative radiation doses administered to these
patients, particularly in those who have therapeutic proce-
dures performed along with the diagnostic angiography.

Normal results

The results of an angiogram or arteriogram depend
on the artery or organ system being examined. Generally,
test results should display a normal and unimpeded flow
of blood through the vascular system. Fluorescein an-
giography should result in no leakage of fluorescein dye
through the retinal blood vessels.

Abnormal results of an angiogram may display a nar-
rowed blood vessel with decreased arterial blood flow (is-
chemia) or an irregular arrangement or location of blood
vessels. The results of an angiogram vary widely by the
type of procedure performed, and should be interpreted by
and explained to the patient by a trained radiologist.
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Angioplasty
Definition

Angioplasty is a term describing a procedure used to
widen vessels narrowed by stenoses or occlusions. There
are various types of angioplasty. The specific names of
these procedures are derived from the type of equipment
used and the path of entry to the blood vessel. For exam-
ple, percutaneous transluminal angioplasty (PTA) means
that the vessel is entered through the skin (percutaneous)
and that the catheter is moved into the blood vessel of in-
terest through the same vessel or one that communicates
with it (transluminal). In the case of an angioplasty in-
volving the coronary arteries, the point of entry might be
the femoral artery in the groin, with the catheter/
guidewire system passed through the aorta to the heart
and the origin of the coronary arteries at the base of the
aorta just outside the aortic valve.

Purpose

An angioplasty is done to reopen a partially blocked
blood vessel so that blood can flow through it again at a
normal rate. In patients with an occlusive vascular dis-
ease such as atherosclerosis, the flow of blood to other
organs or remote parts of the body is limited by the nar-
rowing of the vessel’s lumen due to fatty deposits or
patches known as plaque. Once the vessel has been
widened, an adequate blood flow is restored. The vessel
may narrow again over time at the same location, howev-
er, and the procedure may need to be repeated.

For some patients, thrombolytic therapy (treat-
ment with drugs that dissolve blood clots) is an alterna-

GALE ENCYCLOPEDIA OF SURGERY



Angioplasty

Femoral artery

Balloon
with stent

| |

Heart

Blocked

Stent in place

During angioplasty, a catheter is fed into the femoral artery of the upper leg (A). The catheter is fed up to coronary arteries to
an area of blockage (B). A dye is released, allowing visualization of the blockage (C). A stent is placed on the balloon-tipped
catheter. The balloon is inflated, opening the artery (D). The stent holds the artery open after the catheter is removed (E).

(lllustration by Argosy.)

tive to angioplasty. Many medical centers, in fact, restrict
the use of angioplasty to patients who cannot be treated
with thrombolytic therapy.

Description

Angioplasties were originally performed by dilating
the blood vessel with the introduction of larger and larg-
er stiff catheters through the narrowed space. The com-
plications that resulted from this approach led re-
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searchers to develop ways to open the vessel with small-
er devices. As of 2003, the catheters used to perform an-
gioplasties contain balloons that are inflated to widen the
vessel, and stents (thin collapsed tubes made of wire
mesh) to provide structural support for the vessel. Lasers
may be used to help break up the plaque or fat deposits.
Some catheters are equipped with spinning wires or drill
tips to clean out the plaque.

Angioplasty may be performed while the patient is
sedated or anesthetized, depending on which vessels are
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KEY TERMS

Anticoagulant—A type of medication given to pre-
vent the formation of blood clots. Anticoagulants
are also known as blood thinners.

Cardiac catheterization—A procedure to pass a
catheter to the heart and its vessels for the purpose
of diagnosing coronary artery disease, assessing in-
jury or disease of the aorta, or evaluating cardiac
function.

Contrast medium—A substance that is swallowed
or injected into the body for radiographic studies
of internal structures.

Electrocardiogram (EKG)—A graphic tracing of the
electrical activity of the heart.

Embolus—A gas or air bubble, bit of tissue, blood
clot, or foreign object that circulates in the blood-
stream until it lodges in a vessel. A large embolus can
narrow or block the vessel, which leads to decreased
blood flow in the organ supplied by that vessel.

involved. If a percutaneous transluminal coronary angio-
plasty (PTCA) is to be performed, the patient is sedated
so that he or she can report discomfort and cough if
asked to do so. PTCA procedures are performed in car-
diac catheterization laboratories with sophisticated
monitoring devices. If angioplasty is performed in the ra-
diology department’s angiographic suite, the patient may
be sedated for the procedure while a nurse monitors the
patient’s vital signs. Angioplasties performed by vascu-
lar surgeons are done in an operating room or specially
designed vascular procedure suite.

Typically, patients are given anticoagulant (blood
thinning) medications prior to the procedure to assist in
the prevention of thromboses (blood clots), even though
these drugs may slow down the sealing of the entry point
into the vein. Patients may also be given calcium block-
ers and nitrates to reduce the risk of vascular spasm. The
procedure is performed using fluoroscopic guidance and
contrast media. Since the decision to perform angioplas-
ty may have been made following a diagnostic an-
giogram, the patient’s sensitivity to iodinated contrast
media is likely to be known. The procedure may then re-
quire the use of non-ionic contrast agents.

The patient’s skin is cleansed with an antiseptic so-
lution at the site where the surgeon will insert the
catheter and other equipment, and the area is protected
with a sterile drape. Although many angioplasties are
performed by puncturing the vessel through the skin,
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Fluoroscopy—A radiologic technique that creates
x-ray images of internal body structures for imme-
diate projection on a fluorescent screen.

Hematoma—A localized collection of blood in an
organ or tissue due to broken blood vessels.

Lumen—The cavity or channel inside a blood ves-
sel or tube-shaped organ.

Occlusion—An obstruction or blockage in a blood
vessel.

Patency—Being widely open. A blood vessel that
has been widened or reopened is said to be patent.

Plaque—In atherosclerosis, a swollen area in the
lining of an artery formed by fatty deposits.

Stenosis (plural, stenoses)—The narrowing or con-
striction of an opening or passageway in the body.

Stent—A thin rodlike or tubelike device made of
wire mesh, inserted into a vein or artery to keep
the vessel open.

others are done by surgically exposing the site of entry.
Direct view of the vessel’s puncture site aids in monitor-
ing damage to the vessel or excessive bleeding at the
site. After the vessel has been punctured and the
guidewire introduced, a fluoroscope is used to monitor
the small amounts of contrast media that have been in-
jected. This technique allows the surgeon to see the
guidewire’s movement through the vessel. If the fluoro-
scope has a feature called “roadmap,”’ the amount of con-
trast media injected is greater in order to define the full
route the guidewire will take. The fluoroscopy system
then superimposes subsequent images over the roadmap
while the physician moves the guidewire along the
roadmap to the destination.

When the surgeon reaches the location of the steno-
sis, he or she inflates the balloon on the catheter that has
been passed along the guidewire. The size of the balloon
and the duration of its inflation depend on the size and
location of the vessel. In some cases, the surgeon may
also use a stent, which is opened or expanded inside the
blood vessel after it has been guided to the proper loca-
tion. The blood vessel may be widened before, during, or
after the stent has been opened up. In cases where the
vessel is tortuous (twisted) or at intersections of vessels,
a graft may be necessary to strengthen the walls of the
blood vessel. Stents, grafts, and balloon dilation may all
be used together or separately. Sometimes radiation is
used when a stent is placed.
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After the surgeon has widened the blood vessel, he
or she verifies its patency by using fluoroscopy and con-
trast media to produce an angiogram, by using intravas-
cular ultrasound, or by using both techniques. After the
imaging studies have been completed, the surgeon re-
moves the equipment from the blood vessel and closes
the puncture site.

Risks

There is a danger of puncturing the vessel with the
guidewire during an angioplasty, although the risk is
very small. Patients must be monitored for hematoma or
hemorrhage at the puncture site. There is also a small
risk of heart attack, stroke, and, although unlikely,
death—all related to vessel spasm (transient vessel nar-
rowing from irritation by the catheter), or from emboli
(as plaque can be dislodged by the catheter or and travel
to the heart or brain). Abrupt closure of the coronary
artery occurs in about 4% of patients.

Recurrence of stenosis is an additional potential
complication. The risk of recurrence is highest in the
first six months after angioplasty, with rates as high as
35% reported in some studies.

The length of the patient’s hospital stay following an
angioplasty depends on his or her overall condition, the
occurrence of complications, and the availability of
home care.

Health care team roles

Physicians often have specially trained assistants
for vascular procedures. These assistants may be nurs-
es, surgical technicians, or x ray specialists. Cardiac
catheterization laboratories will include someone spe-
cially trained in monitoring EKG equipment and vital
signs. Either a nurse, nurse anesthetist, or anesthesiol-
ogist will administer sedation or anesthesia for the
procedure.
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Anterior temporal lobectomy
Definition

An anterior temporal lobectomy (ATL) is the com-
plete removal of the anterior portion of the temporal lobe
of the brain.

Purpose

ATL surgery has been recognized as an efficient
treatment option for certain types of seizures in patients
diagnosed with temporal lobe epilepsy (TLE). Charac-
terized by transient disturbances of brain function and
seizures, TLE is the most common form of epilepsy.
ATL is optimal for patients with seizures that do not re-
spond to medications, patients who are unable to tolerate
medication side effects, or patients with seizures caused
by structural abnormalities in the brain.

Demographics

Epilepsy is the most common serious neurological
condition in the United States. Its incidence is greatest in
young chidren and in the elderly, with five to 10 cases di-
agnosed per 1,000. The lifetime prevalence amounts to
2-5% of the population. Epilepsy is slightly more com-
mon in males than females. The frequency of seizure ac-
tivity in the epileptic population is as follows.
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Anterior temporal lobectomy

* 33% have less than one seizure per year

* 33% have one to 12 seizures per year

* 33% have more than one seizure per month

* 60% also have other neuropsychiatric problems

Description
ATL surgical procedures:

* Anesthesia. The patient is anesthetized with a combina-
tion of drugs that achieves a state of unconsciousness.

» Preparation of the surgical field. An antiseptic solution
is applied to the patient’s scalp, face, and neck. Surgi-
cal drapes are placed around the surgical region to
maintain a sterile surgical field.

Temporal incision. Using a scalpel blade, the neurosur-
geon makes an incision in the skin and muscle of the
temporal region of the head located on the side of the
head above the ear, and pulls away the flap of scalp.

Control of bleeding. Blood obstructing the surgeon’s
view of the surgical field is irrigated and suctioned
away as surgery proceeds.

Craniotomy. Using a high-speed drill, the neurosurgeon
removes a section of bone (bone flap) from the skull and
makes an incision through the protective membranes of
the brain (dura) in order to expose the temporal lobe.

Removal of the anterior lobe. Using an operating mi-
croscope to enlarge the features of the surgical area, the
neurosurgeon removes the temporal anterior lobe.

Closure. Once bleeding is under control, every layer of
tissue cut or divided to reach the surgical site is closed.
The cavity is irrigated completely and the dura is
closed in a watertight manner using tack-up sutures.
The bone flap is returned into place. Muscle and tissues
are closed with sutures, while the skin is closed with
staples. No drain is needed.

Diagnosis/Preparation

An ATL pre-surgical diagnosis requires reliable di-
agnostic levels classified as (1) seizure, (2) epilepsy, and
(3) syndrome. The epilepsy and syndromic diagnoses are
usually combined. The seizure diagnosis is determined
from the physical and neurological manifestations of the
condition recorded in the patient’s history and from elec-
troencephalogram (EEG) evaluations. Because seizures
commonly result from cortical damage, neuroimaging
techniques are used to identify and localize the damaged
area. They include:

» Magnetic resonance imaging (MRI). Brain MRI is the
best structural imaging technique available. Every ATL
surgical evaluation usually includes a complete MRI
study.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

ATL is performed in a hospital that has neuro-
surgery facilities. A typical treatment team may
consist of neurologists, epileptologists, neurosur-
geons, electroencephalography (EEG) techni-
cians, neuropsychologists, and a specially
trained epilepsy nursing staff. Such advanced re-
sources as EEG monitoring, single photon emis-
sion computerized tomography (SPECT), magnet-
ic resonance imaging (MRI), and positron emis-
sion tomography (PET) will usually be available.

* Positron emission tomography (PET). Unlike MRI,
PET provides information on brain metabolism rather
than on structure. Typically, the epileptic region’s me-
tabolism is lowered unless the scan is obtained during a
seizure.

« Single photon emission tomography (SPECT). SPECT
scans visualize blood flow through the brain and are
used as another method for localizing the epileptic site.

Routinely, all ATL candidates also undergo neu-
ropsychological testing.

To prepare for ATL, the patient discontinues any
medication being taken and that has been associated with
bleeding disorders at least three weeks prior to ATL
surgery. Antibiotics may be administered intravenously
one hour before surgery. Minimal hair is shaved over the
temporal area of the head.

Aftercare

After ATL surgery, the neurosurgeon provides in-
structions for the nurses, pharmacists, therapists, and
other physicians caring for the patient postoperatively.
Once the anesthesiologist determines that the patient is
stable, the surgeon authorizes transport to the postoper-
ative care area. Most patients go to the recovery area,
but some critical patients may be taken to an intensive
care unit (ICU) for close monitoring. As is the case for
almost all types of brain surgery, the patient is initially
nursed with the head of the bed elevated to 30 degrees.

Risks

All surgical procedures are associated with risks and
complications that vary depending on the location of the
procedure (the approach and dissection required), the
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pathology (what has to be done to accomplish the surgi-
cal objective), and patient factors (such as age, general
medical condition, etc.).

A specific risk associated with ATL is possible in-
jury to the cerebral cortex, the outer portion of the brain
that consists of layers of nerve cells and their connec-
tions, during the lobectomy procedure.

Normal results

ATL offers a high chance of seizure-free outcome in
patients suffering from drug-resistant seizures originat-
ing in the temporal lobe of the brain. The procedure is
considered to be the most common and rewarding of all
the surgeries for epilepsy.

Morbidity and mortality rates

ATL is the most common surgery performed to treat
medically refractory epilepsy and, in most cases, will di-
minish or abolish seizures.

In 1997, Sperling et al. reported in the Epilepsy
Quarterly the five-year outcomes of 89 patients with un-
controlled seizures who underwent ATL at the Graduate
Hospital in Philadelphia, Pennsylvania. The patients in
this study underwent ATL as a result of no response (or
allergy) to at least three medications. Five years postop-
eratively, 80 of 89 patients (90%) no longer had seizures
or experienced more than 80% seizure reduction. Only
five patients (6%) exhibited no worthwhile improve-
ment, although a modest reduction in seizure frequency
may have been noted. Among the seizure-free patients,
49 were cured of their epilepsy (i.e., they had no seizures
after temporal lobectomy).

Alternatives
Anti-convulsant drug development programs

Once the diagnosis of epilepsy is established, a
course of medication is usually prescribed for the control
of seizures. ATL only becomes the preferred approach
when a patient does not respond to medication. As an al-
ternative to surgery, a patient may elect to become an ac-
tive participant in an anti-convulsant drug development
program that may offer an opportunity to participate in
studies of experimental medications.

Other surgical techniques

Other surgical techniques such as corpus callosoto-
my can be performed in selected patients who are ineli-
gible for ATL. In this procedure, the white matter tract
connecting the two halves of the brain is cut to halt the
spread of seizures and to limit their severity.
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QUESTIONS TO ASK
THE DOCTOR

* What are the possible complications in-
volved in ATL surgery?

e If the cortex is injured during the surgery,
what will the consequences be?

e How long will it take to recover from the
surgery?
¢ What procedures do you follow?

e How many ATL surgeries do you perform
each year?

Resources

BOOKS

Chilton, L. Seizure Free: From Epilepsy to Brain Surgery, I
Survived, and You Can, Too! Dallas: English Press Publi-
cations, 2000.

Freeman, J. M., E. P. G. Vining, and D. J. Pillas. Seizures and
Epilepsy in Childhood: A Guide. Baltimore: Johns Hop-
kins University Press, 2002.

Hauser, W. A. and D. C. Hesdorffer. Epilepsy: Frequency,
Causes, and Consequences. New York: Demos Publica-
tions, 1990.

Waltz, M. Partial Seizure Disorders: Help for Patients and
Families. Sebastopol, CA: Patient-Centered Guides, 2001.

PERIODICALS

Clusmann, H., J. Schramm, T. Kral, C. Helmstaedter, B. Oster-
tun, R. Fimmers, D. Haun, and C. E. Elger. “Prognostic
factors and outcome after different types of resection for
temporal lobe epilepsy.” Journal of Neurosurgery 97 (No-
vember 2002): 1131-1141.

Crino, P. B. “Outcome Assessment of Anterior Temporal
Lobectomy.” Epilepsy Quartely 5 (Spring 1997): 1-4.
Elwes, R. D., G. Dunn, C. D. Binnie, and C. E. Polkey. “Out-
come following resective surgery for temporal lobe
epilepsy: a prospective follow up study of 102 consecutive
cases.” Journal of Neurology, Neurosurgery and Psychia-

try 54 (1991): 949-952.

Jarrar, R. G., J. R. Buchhalter, F. B. Meyer, F. W. Sharbrough,
and E. Laws. “Long-term follow-up of temporal lobectomy
in children.” Neurology 59 (November 2002): 1635-1637.

Jones, J. E., N. L. Berven, L. Ramirez, A. Woodard, B. P. Her-
mann. “Long-term psychosocial outcomes of anterior tem-
poral lobectomy.” Epilepsia 43 (August 2002): 896-903.

Radhakrishnan, K., E. L. So, P. L. Silbert, G. D. Cascino, W. R.
Marsh, R. H. Cha, and P. C. O’Brien. “Prognostic implica-
tions of seizure recurrence in the first year after anterior
temporal lobectomy.” Epilepsia 44 (January 2003): 77-80.

Sperling, M. R., M. J. O’Connor, A. J. Saykin, and C. Plummer.
“Temporal lobectomy for refractory epilepsy.” Journal of
the American Medical Association 276 (1996): 470-475.

77

Awo0323qo| [erodwa) JoLduy



Antianxiety drugs

KEY TERMS

Anesthesia—A combination of drugs administered
by a variety of techniques by trained professionals
that provide sedation, amnesia, analgesia, and im-
mobility adequate for the accomplishment of the
surgical procedure with minimal discomfort, and
without injury, to the patient.

Cerebral cortex—The outer portion of the brain,
consisting of layers of nerve cells and their con-
nections. The cerebral cortex is the part of the
brain in which thought processes take place.

Craniotomy—A surgical incision into the skull.

Electroencephalogram (EEG)—A diagnostic test
that measures the electrical activity of the brain
(brain waves) using highly sensitive recording
equipment attached to the scalp by electrodes.
Epilepsy—Chronic medical condition produced
by temporary changes in the electrical function of
the brain, causing seizures that affect awareness,
movement, and/or sensation.

Seizures—Attacks consisting of sudden and ab-
normal muscle, sensory, or psychic events result-
ing from transient dysfunction of the brain.

Temporal lobe epilepsy (TLE)—The most common
type of epilepsy, with elaborate and multiple sen-
sory, motor, and psychic symptoms. A common
feature is the loss of consciousness and amnesia
during seizures. Other manifestations may include
more complex behaviors like bursts of anger,
emotional outbursts, fear, or automatisms.

Zimmerman, R. S. and J. I. Sirven. “An overview of surgery for
chronic seizures.” Mayo Clinic Proceedings 78 (January
2003): 109-117.
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Antianxiety drugs
Definition

Antianxiety drugs are medicines that calm and relax
people with excessive anxiety, nervousness, or tension,
or for short-term control of social phobia disorder or spe-
cific phobia disorder.

Purpose

Antianxiety agents, or anxiolytics, may be used to
treat mild transient bouts of anxiety as well as more pro-
nounced episodes of social phobia and specific phobia.
Clinically significant anxiety is marked by several symp-
toms. The patient experiences marked or persistent fear
of one or more social or performance situations in which
he or she is exposed to unfamiliar people or possible
scrutiny by others, and may react in a humiliating or em-
barrassing way. The exposure to the feared situation pro-
duces an anxiety attack. Fear of these episodes of anxi-
ety leads to avoidance behavior, which impairs normal
social functioning, including working or attending class-
es. The patient is aware that these fears are unjustified.

Antianxiety drugs, particularly the injectable benzo-
diazepines lorazepam (Ativan) and midazolam (Versed),
are also used for preoperative sedation in surgery. Used
for this purpose, they may induce relaxation, provide se-
dation, and also reduce memory of an unpleasant experi-
ence. They offer the combined benefits of relaxing the
patient, and reducing the need for other agents including
analgesics, anesthetics, and muscle relaxants.

Description

In psychiatric practice, treatment of anxiety has
largely turned from traditional antianxiety agents, anxi-
olytics, to antidepressant therapies. In current use, the
benzodiazepines, the best-known class of anxiolytics,
have been largely supplanted by serotonin-specific reup-
take inhibitors (SSRIs, including citalopram, fluoxetine,
fluvoxamine, and others), which have a milder side effect
profile and less risk of dependency. However, traditional
anxiolytics remain useful for patients who need a rapid
onset of action, or whose frequency of exposure to anxi-
ety-provoking stimuli is low enough to eliminate the need
for continued treatment. While SSRIs may require three
to five weeks to show any effects, and must be taken con-
tinuously, benzodiazepines may produce a response with-
in 30 minutes, and may be dosed on an as-needed basis.

The intermediate-action benzodiazepines, alprazo-
lam (Xanax), and lorazepam (Ativan), are the appropri-
ate choice for treatment of mild anxiety and social pho-
bia. Diazepam (Valium) is still widely used for anxiety,
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Antianxiety Drugs

Brand Name (Generic Name)

Possible Common Side Effects Include:

Atarax (hydroxyzine hydrochloride)

Ativan (lorazepam)

BuSpar, Buspirone (buspirone hydrochloride)
Centrax (pazepam)

Librium, Libritabs (chlordiazepoxide)
Miltown, Equanil (meprobamate)

Serax (oxazepam)

Stelazine (trifluoperazine hydrochloride)

Drowsiness, dry mouth

Dizziness, excessive calm, weakness

Dry mouth, dizziness, headache, fatigue, nausea

Decreased coordination, dizziness, drowsiness, fatigue, weakness

Constipation, drowsiness, nausea, swelling

Diarrhea, bruising, fever, headache, nausea, rash, slurred speech

Dizziness, fainting, headache, liver problems, decreased coordination, nausea,

swelling, vertigo

Abnormal glucose in urine, allergic reactions, blurred vision, constipation, eye spasms, fluid retention

and swelling
Tranxene, Tranxene-SD (clorazepate dipotassium) Drowsiness

Valium (diazepam)

Decreased coordination, drowsiness, light-headedness

but its active metabolite, desmethyldiazepam, which has
a long half-life, may make this a poorer choice than
other drugs in its class. There is considerable variation
between individuals in the metabolism of benzodi-
azepines, so patient response may not be predictable. As
a class, benzodiazepines are used not only as anxiolytics,
but also as sedatives, muscle relaxants, and in treatment
of epilepsy and alcoholism. The distinctions between
these uses are largely determined by onset and duration
of action, and route of administration.

Buspirone (BuSpar), which is not chemically related
to other classes of central nervous system drugs, is also a
traditional anxiolytic, although it is now considered ei-
ther a third-line or adjunctive agent for use after trials of
SSRIs and benzodiazepines. It is appropriate for use in
patients who have either failed trials of other treatments,
or who should not receive benzodiazepines because of a
history of substance abuse problems. Buspirone, in com-
mon with antidepressants, requires a two- to three-week
period before there is clinical evidence of improvement,
and must be continuously dosed to maintain its effects.

In surgery, antianxiety drugs may be used to provide
relaxation and reduce fear of surgery. They may reduce
the need for anesthetics and muscle relaxants. In addi-
tion, some antianxiety drugs may impair memory, which
is a benefit since it reduces concern about an unpleasant
experience. Short-acting benzodiazepines such as mida-
zolam (Versed) and lorazepam (Ativan) are most often
used for this purpose.

Benzodiazepines are controlled drugs under federal
law. Buspirone is not a controlled substance and has no
established abuse potential.

Recommended dosage

Pre-surgical dosing of midazolam varies with the
route of administration, the age and physical condition
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of the patient, and the other drugs to be used. For pa-
tients under the age of 60, who have not received narcot-
ic analgesics, a dose of 2—3 mg is normally adequate, but
some elderly patients may respond to a dose as low as 1
mg. The usual dose of lorazepam is up to 4 mg, adminis-
tered by intramuscular injection at least two hours prior
to surgery. If the drug is given intravenously, a dose of
up to 2 mg may be given 15-20 minutes before surgery.

Benzodiazepines should be administered 30-60
minutes before exposure to the anticipated stress.
Dosage should be individualized to minimize sedation.
The normal dose of alprazolam is 0.25-0.5 mg. The
usual dose of lorazepam is 2-3 mg. Doses may be re-
peated if necessary.

Buspirone is initially dosed at 5 mg three times a
day. The dosage should be increased 5 mg/day, at inter-
vals of two to three days, as needed. A dosage of 60
mg/day should not be exceeded. Two to three weeks may
be required before a satisfactory response is observed.

Precautions

Precautions and warnings apply to the use of an-
tianxiety agents for use over long periods of time. They
are unlikely to occur in patients who have only received
a single dose prior to surgery.

Benzodiazepines should not be used in patients with
psychosis, acute narrow-angle glaucoma, or liver dis-
ease. The drugs can act as respiratory depressants and
should be avoided in patients with respiratory condi-
tions. Benzodiazepines are potentially addictive and
should not be administered to patients with substance
abuse disorders. Because benzodiazepines are sedatives,
they should be avoided in patients who must remain
alert. Their use for periods over four months has not
been documented. These drugs should not be used dur-
ing the second and third trimester of pregnancy, although

79

s3nap AjaIxuenuy



Antianxiety drugs

KEY TERMS

Anxiety—Worry or tension in response to real or
imagined stress, danger, or dreaded situations.
Physical reactions such as fast pulse, sweating,
trembling, fatigue, and weakness may accompany
anxiety.

Epilepsy—A brain disorder with symptoms that in-
clude seizures.

Panic disorder—An disorder in which people
have sudden and intense attacks of anxiety in cer-
tain situations.

Phobia—An intense, abnormal, or illogical fear of
something specific such as heights or open spaces.

Pregnancy category B—Animal studies indicate
no fetal risk, but no human studies; or adverse ef-
fects in animals, but not in well-controlled human
studies.

Pregnancy category C—No adequate human or
animal studies; or adverse fetal effects in animal
studies, but no available human data.

Seizure—A sudden attack, spasm, or convulsion.

use during the first trimester appears to be safe. They
should not be taken while breastfeeding. Specialized ref-
erences for use in children should be consulted.

Buspirone is metabolized by the liver and excreted
by the kidney, and should be used with care in patients
with hepatic or renal disease. The drug is classified as
schedule B during pregnancy, but should not be taken
during breastfeeding. Its use in children under the age of
18 years has not been studied.

Interactions

The metabolism of alprazolam may be increased by
cimetidine, oral contraceptives, disulfiram, fluoxetine,
isoniazid, ketoconazole, metoprolol, propoxyphene, pro-
pranolol, and valproic acid. The absorption of all benzo-
diazepines is inhibited by concomitant use of antacids.
Benzodiazepines may increase blood levels of digoxin,
and reduce the efficacy of levodopa. Other drug interac-
tions have been reported.

Buspirone levels will be increased by concomitant
use of erythromycin, itraconazole, and nefazadone.
Doses should be adjusted based on clinical response.
Use of buspirone at the same time as monoamine oxi-
dase inhibitors (MAOIs, including phenelzine and trany-
cypromine) may cause severe blood pressure elevations.
Use of buspirone with MAOISs should be avoided.
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Side effects

The most common side effects of benzodiazepines
are secondary to their central nervous system (CNS) ef-
fects and include sedation and sleepiness; depression;
lethargy; apathy; fatigue; hypoactivity; lightheadedness;
memory impairment; disorientation; anterograde amne-
sia; restlessness; confusion; crying or sobbing; delirium;
headache; slurred speech; aphonia; dysarthria; stupor;
seizures; coma; syncope; rigidity; tremor; dystonia; ver-
tigo; dizziness; euphoria; nervousness; irritability; diffi-
culty in concentration; agitation; inability to perform
complex mental functions; akathisia; hemiparesis; hypo-
tonia; unsteadiness; ataxia; incoordination; weakness;
vivid dreams; psychomotor retardation; “glassy-eyed”
appearance; extrapyramidal symptoms; and paradoxical
reactions. Other reactions include changes in heart rate
and blood pressure, changes in bowel function, severe
skin rash, and changes in genitourinary function. Other
adverse effects have been reported.

Buspirone has a low incidence of side effects. Dizzi-
ness and drowsiness are the most commonly reported ad-
verse effects. Other CNS effects include dream distur-
bances; depersonalization, dysphoria, noise intolerance, eu-
phoria, akathisia, fearfulness, loss of interest, disassociative
reaction, hallucinations, suicidal ideation, seizures; feelings
of claustrophobia, cold intolerance, stupor and slurred
speech, and psychosis. Rarely, heart problems, including
congestive heart failure and myocardial infarction, have
been reported. Other adverse effects have been reported.
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Antibiotic prophylaxis see Prophylaxis,
antibiotic

Antibiotics
Definition

Antibiotics may be informally defined as the sub-
group of anti-infectives derived from bacterial sources
and used to treat bacterial infections.

Purpose

Antibiotics are used for treatment or prevention of
bacterial infection. Other classes of drugs, most notably
the sulfonamides, may be effective antibacterials. Simi-
larly, some antibiotics may have secondary uses, such as
the use of demeclocycline (Declomycin, a tetracycline
derivative) to treat the syndrome of inappropriate antidi-
uretic hormone (SIADH) secretion. Other antibiotics
may be useful in treating protozoal infections.

Description

Although there are several classification schemes
for antibiotics, based on bacterial spectrum (broad versus
narrow), route of administration (injectable versus oral
versus topical), or type of activity (bactericidal versus
bacteriostatic), the most useful is based on chemical
structure. Antibiotics within a structural class will gener-
ally show similar patterns of effectiveness, toxicity, and
allergic potential.

Penicillins

The penicillins are the oldest class of antibiotics and
have a common chemical structure that they share with
the cephalosporins. The two groups are classed as the
beta-lactam antibiotics, and are generally bacterioci-
dal—that is, they kill bacteria rather than inhibit growth.
The penicillins can be further subdivided. The natural
penicillins are based on the original penicillin G struc-
ture; penicillinase-resistant penicillins, notably methi-
cillin and oxacillin, are active even in the presence of the
bacterial enzyme that inactivates most natural peni-
cillins. Aminopenicillins such as ampicillin and amoxi-
cillin have an extended spectrum of action compared
with the natural penicillins; extended spectrum peni-
cillins are effective against a wider range of bacteria.
These generally include coverage for Pseudomonas
aeruginosa and may provide the penicillin in combina-
tion with a penicillinase inhibitor.
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Cephalosporins

Cephalosporins and the closely related cephamycins
and carbapenems, like the penicillins, contain a beta-lac-
tam chemical structure. Consequently, there are patterns
of cross-resistance and cross-allergenicity among the
drugs in these classes. The “cepha” drugs are among the
most diverse classes of antibiotics, and are themselves
subgrouped into first, second, and third generations.
Each generation has a broader spectrum of activity than
the one before. In addition, cefoxitin (Mefoxin), a
cephamycin, is highly active against anaerobic bacteria,
which makes it useful in prevention and treatment of in-
fections of the intestines. The third generation drugs, ce-
fotaxime, ceftizoxime, ceftriaxone, and others, cross the
blood-brain barrier and may be used to treat meningitis
and encephalitis. Cephalosporins are the usually pre-
ferred agents for prevention of infection during surgery.

Fluroquinolones

The fluroquinolones are synthetic antibacterial
agents, and are not derived from bacteria. They are in-
cluded here because they can be readily interchanged
with traditional antibiotics. An earlier, related class of
antibacterial agents, the quinolones, were not well ab-
sorbed, and could be used only to treat urinary tract in-
fections. The fluroquinolones, which are based on the
older group, are broad-spectrum bactericidal drugs that
are chemically unrelated to the penicillins or the
cephalosporins. They are well distributed into bone tis-
sue, and so well absorbed that in general they are as ef-
fective by the oral route as by intravenous infusion.

Tetracyclines

Tetracyclines got their name because they share a
chemical structure having four rings. They are derived
from a species of Streptomyces bacteria. Broad-spectrum
bacteriostatic agents, the tetracyclines may be effective
against a wide variety of microorganisms, including rick-
ettsia and amebic parasites.

Macrolides

The macrolide antibiotics are derived from Strepto-
myces bacteria, and got their name because they all have
a macrocyclic lactone chemical structure. Erythromycin,
the prototype of this class, has a spectrum and use simi-
lar to penicillin. Newer members of the group, azithro-
mycin and clarithyromycin, are particularly useful for
their high level of lung penetration. Clarithromycin has
been widely used to treat Helicobacter pylori infections,
the cause of stomach ulcers. For people who are allergic
to penicillin, erythromycin is a valuable alternative. But,
unlike penicillin, erythromycin can be very irritating
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Antibiotics

Antibiotic

Water enters

) Cell deteriorates

Cell is destroyed

Different antibiotics destroy bacteria in different ways. Some short-circuit the processes by which bacteria receive energy.
Others disturb the structure of the bacterial cell wall, as shown in the illustration above. Still others interfere with the pro-
duction of essential proteins. (/llustration by Electronic Illlustrators Group.)

both to the stomach when given by mouth, or to veins
when given by injection.

Other classes

Other classes of antibiotics include the aminoglyco-
sides, which are particularly useful for their effectiveness
in treating Pseudomonas aeruginosa infections, and the
lincosamindes, clindamycin and lincomycin, which are
highly active against anaerobic pathogens. In addition,
other individual drugs are available that may have utility
in specific infections.

Recommended dosage

Dosage varies with drug, route of administration,
pathogen, site of infection, and severity. Additional con-
siderations include renal (kidney) function, age of pa-
tient, and other factors. Patients should consult manufac-
turers’ recommendations or ask their doctors.

Side effects

All antibiotics cause risk of overgrowth by non-sus-
ceptible bacteria. Manufacturers list other major hazards
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by class; however, the health care provider should review
each drug individually to assess the degree of risk. Gen-
erally, breastfeeding is not recommended while taking
antibiotics because of risk of alteration to infant’s intesti-
nal flora, and risk of masking infection in the infant. Ex-
cessive or inappropriate use may promote growth of re-
sistant pathogens.

* Penicillins. Hypersensitivity may be common, and cross
allergenicity with cephalosporins has been reported.
Penicillins are classed as category B during pregnancy.

e Cephalosporins. Several cephalosporins and related com-
pounds have been associated with seizures. Cefmetazole,
cefoperazone, cefotetan and ceftriaxone may be associat-
ed with a fall in prothrombin activity and coagulation ab-
normalities. Pseudomembranous colitis (inflammation of
the colon) has been reported with cephalosporins and
other broad spectrum antibiotics. Some drugs in this class
may cause renal toxicity. Pregnancy category B.

e Fluoroquinolones. Lomefloxacin has been associated
with increased photosensitivity. All drugs in this class
have been associated with convulsions. Pregnancy cate-

gory C.
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o Tetracyclines. Demeclocycline may cause increased
photosensitivity. Minocycline may cause dizziness.
Children under the age of eight should not use tetracy-
clines, and specifically during periods of tooth develop-
ment. Oral tetracyclines bind to anions such as calcium
and iron. Although doxycycline and minocycline may
be taken with meals, patients are advised to take other
tetracycline antibiotics on an empty stomach, and not
to take the drugs with milk or other calcium-rich foods.
Expired tetracycline should never be administered.
Pregnancy category D; use during pregnancy may
cause alterations in bone development.

Macrolides. Erythromycin may aggravate the weakness
of patients with myasthenia gravis. Azithromycin has,
rarely, been associated with allergic reactions, includ-
ing angioedema, anaphylaxis, and dermatologic reac-
tions, including Stevens-Johnson syndrome and toxic
epidermal necrolysis. Oral erythromycin may be highly
irritating to the stomach and may cause severe phlebitis
(inflammation of the vein) when given by injection.
These drugs should be used with caution in patients
with liver dysfunction. Pregnancy category B: Azith-
romycin, erythromycin. Pregnancy category C: Clar-
ithromycin, dirithromycin, troleandomycin.

Aminoglycosides. This class of drugs causes kidney and
hearing problems. These problems can occur even with
normal doses. Dosing should be based on renal func-
tion, with periodic testing of both kidney function and
hearing. Pregnancy category D.

Interactions

Use of all antibiotics may temporarily reduce the ef-
fectiveness of birth control pills; alternative birth control
methods should be used while taking these medications.
Antacids should be avoided while on tetracyclines as the
calcium can impair absorption of this antibiotic class.
For this reason, tetracyclines should not be taken just be-
fore or after consuming foods rich in calcium or iron.
Consult specialized references for additional interactions
to specific antibiotics.

Recommended usage

To minimize risk of adverse reactions and develop-
ment of resistant strains of bacteria, antibiotics should be
restricted to use in cases where there is either known or a
reasonable presumption of bacterial infection. The use of
antibiotics in viral infections is to be avoided. Avoid use
of fluroquinolones for trivial infections.

In severe infections, presumptive therapy with a
broad-spectrum antibiotic such as a third generation
cephalosporin may be appropriate. Treatment should be
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KEY TERMS

Anaerobic—An organism that lives without oxy-
gen. Anaerobic bacteria are commonly found in
the mouth and the intestines.

Bacteria—Tiny, one-celled forms of life that cause
many diseases and infections.

Bactericidal—An agent that kills bacteria.

Bacteriostatic—An agent that stops the multiplica-
tion of bacteria.

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

Meningitis—Inflammation of tissues that surround
the brain and spinal cord.

Microorganism—An independent unit of life that
is too small to be seen with the naked eye.

Pregnancy category—A system of classifying
drugs according to their established risks for use
during pregnancy. Category A: Controlled human
studies have demonstrated no fetal risk. Category
B: Animal studies indicate no fetal risk, but no
human studies; or adverse effects in animals, but
not in well-controlled human studies. Category C:
No adequate human or animal studies; or adverse
fetal effects in animal studies, but no available
human data. Category D: Evidence of fetal risk,
but benefits outweigh risks. Category X: Evidence
of fetal risk. Risks outweigh any benefits.

changed to a narrow spectrum agent as soon as the
pathogen has been identified. After 48 hours of treat-
ment, if there is clinical improvement, an oral antibiotic
should be considered.

When the pathogen is known or suspected to be
Pseudomonas, a suitable beta-lactam drug is often pre-
scribed in combination with an aminoglycoside. A single
agent cannot be relied upon for treatment of Pseudom-
onas. When the patient has renal insufficiency, azactam
should be considered in place of the aminoglycoside.

In treatment of children with antibiotic suspensions,
caregivers should be instructed in use of oral syringes or
measuring teaspoons. Household teaspoons are not stan-
dardized and will give unreliable doses.

Resources

PERIODICALS

Moellering, R. C., Jr. “Linezolid.” Summaries for Patients. An-
nals of Internal Medicine 138 (January 21, 2003): 1-44.
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Antibiotics, topical

OTHER

Alliance for the Prudent Use of Antibiotics. Consumer Infor-
mation. <http://www.tufts.edu/med/apua/Patients/patient.
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“Using antibiotics sensibly.” MayoClinic.com. February 6,
2002 [cited June 25, 2003]. <http://www.mayoclinic.com/
invoke.cfm?id=FL00075>.

Samuel Uretsky, PharmD

Antibiotics, topical
Definition

Topical antibiotics are medicines applied to the skin
to kill or stop the growth of bacteria.

Purpose

Topical antibiotics help prevent infections caused by
bacteria that get into minor cuts, scrapes, and burns.
Treating minor wounds with antibiotics allows quicker
healing. If the wounds are left untreated, the bacteria will
multiply, causing pain, redness, swelling, itching, and
oozing. Untreated infections can eventually spread and
become much more serious.

Topical antibiotics may also be applied to surgical
incision sites to prevent infection. However, when antibi-
otics are given intravenously (by vein) or during surgery
and intravenously or by mouth following surgery, this
may be enough to prevent infection, and antibiotic oint-
ments may not be needed.

Different kinds of topical antibiotics kill different
kinds of bacteria. Many antibiotic first-aid products con-
tain combinations of antibiotics to make them effective
against a broad range of bacteria.

When treating a wound, it is not enough to simply
apply a topical antibiotic. The wound must first be
cleaned with soap and water and patted dry. After the an-
tibiotic is applied, the wound should be covered with a
dressing such as a bandage or a protective gel or spray.
For many years, it was thought that wounds heal best
when exposed to the air. But now most experts say it is
best to keep wounds clean and moist while they heal.
The covering should still allow some air to reach the
wound, however.

Description

Some topical antibiotics are available without a pre-
scription and are sold in many forms, including creams,
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ointments, powders, and sprays. Some widely used topi-
cal antibiotics are bacitracin, neomycin, mupirocin, and
polymyxin B. Among the products that contain one or
more of these ingredients are Bactroban (a prescription
item), Neosporin, Polysporin, and Triple Antibiotic Oint-
ment or Cream.

Recommended dosage

The recommended dosage depends on the type of
topical antibiotic. The patient is advised to follow the di-
rections on the package label or ask a pharmacist for di-
rections.

Because only the ointment or cream that actually
touches the skin has any benefit, a thin layer of topical
antibiotic ointment or cream will usually work just as
well as a thick layer.

In general, topical antibiotics should be applied
within four hours after injury. It is advised not to use
more than the recommended amount and do not apply it
more often than three times a day; the medicine should
not be applied over large areas of skin or on open
wounds.

When topical antibiotics are used for surgical inci-
sion sites, a surgeon or nurse should be consulted for in-
structions.

Precautions

Many public health experts are concerned about an-
tibiotic resistance, a problem that can develop when an-
tibiotics are overused. Over time, bacteria develop new
defenses against the antibiotics that once were effective
against them. Because bacteria reproduce so quickly,
these defenses can be rapidly passed on through genera-
tions of bacteria until almost all are immune to the ef-
fects of a particular antibiotic. The process happens
faster than new antibiotics can be developed. To help
control the problem, many experts advise people to use
topical antibiotics only for short periods, that is, until the
wound heals, and only as directed. For the topical antibi-
otic to work best, it should be used only to prevent infec-
tion in a fresh wound, not to treat an infection that has
already started. Wounds that are not fresh may need the
attention of a physician to prevent complications such as
blood poisoning.

Topical antibiotics are meant to be used only on the
skin and for only a few days at a time. If the wound has
not healed in five days, the patient is advised to stop
using the antibiotic and call a doctor.

It is advised not to use topical antibiotics on large
areas of skin or on open wounds. These products should
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not be used to treat diaper rash in infants or incontinence
rash in adults.

Only minor cuts, scrapes, and burns should be treat-
ed with topical antibiotics. Certain kinds of injuries may
need medical care and should not be self-treated with
topical antibiotics. These include:

* large wounds

« deep cuts

« cuts that continue bleeding

« cuts that may need stitches

« burns any larger than a few inches in diameter

« scrapes imbedded with particles that will not wash
away

« animal bites
* deep puncture wounds
* eye injuries

Regular topical antibiotics should never be used in
the eyes. Special antibiotic products are available for
treating eye infections.

Although topical antibiotics control infections
caused by bacteria, they may allow fungal infections to
develop. The use of other medicines to treat the fungal
infections may be necessary. It is recommended to check
with the physician.

Some people may be allergic to one or more ingre-
dients in a topical antibiotic product. If an allergic reac-
tion develops, the person should stop using the product
immediately and call a physician.

No harmful or abnormal effects have been reported
in babies whose mothers used topical antibiotics while
pregnant or nursing. However, pregnant women generally
are advised not to use any drugs during the first three
months after conception. A woman who is pregnant or
breastfeeding or who plans to become pregnant should
check with her physician before using a topical antibiotic.

Unless a physician says to do so, topical antibiotics
should not be used on children under two years of age.

Side effects

The most common minor side effects are itching or
burning. These problems usually do not require medical
treatment unless they do not go away or they interfere
with normal activities.

If any of the following side effects occur, a doctor
should be consulted as soon as possible:

e rash

« swelling of the lips and face
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KEY TERMS

Bacteria—Tiny, one-celled forms of life that cause
many diseases and infections.

Conception—The union of egg and sperm to form
a fetus.

Fungal—Caused by a fungus.

Fungus—A member of a group of simple organ-
isms that are related to yeast and molds.

Incision—A cut, usually made by a surgeon dur-
ing a surgical procedure.

Incontinence—The inability to control the blad-
der or bowel.

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

* sweating

« tightness or discomfort in the chest
« breathing problems

« fainting or dizziness

* low blood pressure

* nausea

« diarrhea

« hearing loss or ringing in the ears

Other rare side effects may occur. Anyone who has
unusual symptoms after using a topical antibiotic should
get in touch with the physician who prescribed it or the
pharmacist who recommended the medication.

Interactions

Using certain topical antibiotics at the same time as
hydrocortisone (a topical corticosteroid used to treat in-
flammation) may hide signs of infection or allergic reac-
tion. These two medicines should not be used at the
same time unless recommended by a health care
provider.

Anyone who is using any other type of prescription
or nonprescription (over-the-counter) medicine on the
skin should check with a doctor before using a topical
antibiotic.

Resources

PERIODICALS

Farley, Dixie. “Help for Cuts, Scrapes and Burns.” FDA Con-
sumer (May 1996): 12.
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Anticoagulant and antiplatelet drugs

O’Connor, L.T. Jr., and M. Goldstein. “Topical Perioperative
Antibiotic Prophylaxis for Minor Clean Inguinal Surgery.”
Journal of the American College of Surgeons 194, no. 4
(April 2002): 407-10.

Nancy Ross-Flanigan
Sam Uretsky

Antibody screening see Type and screen

Anticlotting drugs see Anticoagulant and
antiplatelet drugs

Anticoagulant and
antiplatelet drugs

Definition

Anticoagulants are drugs used to prevent clot forma-
tion or to prevent a clot that has formed from enlarging.
They inhibit clot formation by blocking the action of
clotting factors or platelets. Anticoagulant drugs fall into
one of three categories: inhibitors of clotting factor syn-
thesis, inhibitors of thrombin, and antiplatelet drugs.

Purpose

Anticoagulant drugs reduce the ability of the blood
to form clots. Although blood clotting is essential to pre-
vent serious bleeding in the case of skin cuts, clots inside
the blood vessels block the flow of blood to major or-
gans and cause heart attacks and strokes. Although these
drugs are sometimes called blood thinners, they do not
actually thin the blood. Furthermore, this type of med-
ication will not dissolve clots that already have formed,
although the drug stops an existing clot from worsening.
However, another type of drug, used in thrombolytic
therapy, will dissolve existing clots.

Anticoagulant drugs are used for a number of condi-
tions. For example, they may be given to prevent blood
clots from forming after the replacement of a heart valve
or to reduce the risk of a stroke or another heart attack
after a first heart attack. They are also used to reduce the
chance of blood clots forming during open-heart surgery
or bypass surgery. Low doses of these drugs may be
given to prevent blood clots in patients who must stay in
bed for a long time after certain types of surgery. They
may also be used to prevent the formation of clots in
needles or tubes that are inserted into veins, such as in-
dwelling catheters.

86

Anticoagulants may be given after major surgery to
prevent the formation of clots due to lack of physical ac-
tivity. Patients who are unable to move around may be at
risk of developing clots, particularly in the legs. Antico-
agulants are given to prevent this. At the same time,
compression stockings may be used to reduce the risk of
clots in the legs. Compression stocks are worn on the
lower legs, and act by increasing the pressure on the
veins of the leg, then relaxing. The compression-relax-
ation keeps the blood in the veins moving, and reduces
the risk of clots following surgery.

Because anticoagulants affect the blood’s ability to
clot, they can increase the risk of severe bleeding and
heavy blood loss. It is thus essential to take these drugs
exactly as directed and to see a physician regularly as long
as they are prescribed. With some of these drugs, regular
blood tests, as often as once a day, may be required.

Description

Most anticoagulant drugs are available only with a
physician’s prescription. They come in tablet and in-
jectable forms. They fall into three groups:

« Inhibitors of clotting factor synthesis. These anticoagu-
lants inhibit the production of certain clotting factors in
the liver. One example is warfarin (brand name:
Coumadin).

* Inhibitors of thrombin. These drugs interfere with
blood clotting by blocking the activity of thrombin.
They include heparin and lepirudin (Refludan).

« Antiplatelet drugs. These drugs interact with platelets,
which is a type of blood cell, to block platelets from
aggregating into harmful clots. They include aspirin,
ticlopidine (Ticlid), clopidogrel (Plavix), tirofiban (Ag-
grastat), and eptifibatide (Integrilin).

Recommended dosage

The recommended dosage depends on the type of an-
ticoagulant drug and the medical condition for which it is
prescribed. The prescribing physician or the pharmacist
who fills the prescription can provide information con-
cerning the correct dosage. Usually, the physician will
adjust the dose after checking the patient’s clotting time.

Anticoagulant drugs must be taken exactly as direct-
ed by the physician. Larger or more frequent doses
should not be taken, and the drug should also not be taken
for longer than prescribed. Taking too much of this med-
ication can cause easy bruising or severe bleeding. Anti-
coagulants should also be taken on schedule. A record of
each dose should be kept as it is taken. If a dose is
missed, it should be taken as soon as possible followed

GALE ENCYCLOPEDIA OF SURGERY



by the regular dose schedule. However, a patient who for-
gets to take a missed dose until the next day should not
take the missed dose at all and should not double the next
dose, as this could lead to bleeding. A record of all
missed doses should be kept for the prescribing physician
who should be informed at the scheduled visits.

Precautions

Persons who take anticoagulants should see a physi-
cian regularly while taking these drugs, particularly at
the beginning of therapy. The physician will order peri-
odic blood tests to check the blood’s clotting ability. The
results of these tests will help the physician determine
the proper amount of medication to be taken each day.

Time is required for normal clotting ability to return
after anticoagulant treatment. During this period, patients
must observe the same precautions they observed while
taking the drug. The length of time needed for the blood
to return to normal depends on the type of anticoagulant
drug that was taken. The prescribing physician will ad-
vise as to how long the precautions should be observed.

People who are taking anticoagulant drugs should
tell all physicians, dentists, pharmacists, and other med-
ical professionals who provide them with medical treat-
ments or services that they are taking such a medication.
They should also carry identification stating that they are
using an anticoagulant drug.

Other prescription drugs or over-the-counter medi-
cine—especially aspirin—should be not be taken with-
out the prescribing physician being informed.

Because of the risk of heavy bleeding, anyone who
takes an anticoagulant drug must take care to avoid in-
juries. Sports and other potentially hazardous activities
should be avoided. Any falls, blows to the body or head,
or other injuries should be reported to a physician, as in-
ternal bleeding may occur without any obvious symp-
toms. Special care should be taken in shaving and in
brushing and flossing the teeth. Soft toothbrushes should
be used and the flossing should be very gentle. Electric
razors should be used instead of a blade.

Alcohol can change the way anticoagulant drugs af-
fect the body. Anyone who takes this medicine should
not have more than one to two alcoholic drinks at any
one time, and should not drink alcohol every day.

Special conditions

People with specific medical conditions or who are
taking certain other medicines can have problems if they
take anticoagulant drugs. Before taking these drugs, the
prescribing physician should be informed about any of
these conditions.
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ALLERGIES. Anyone who has had unusual reactions
to anticoagulants in the past should let the physician
know before taking the drugs again. The physician
should also be told about any allergies to beef, pork, or
other foods; dyes; preservatives; or other substances.

PREGNANCY. Anticoagulants may cause many seri-
ous problems if taken during pregnancy. Birth defects,
severe bleeding in the fetus, and other problems that af-
fect the physical or mental development of the fetus or
newborn are possible. The mother may also experience
severe bleeding if she takes anticoagulants during preg-
nancy, during delivery, or even shortly after delivery.
Women should not start taking anticoagulants during
pregnancy and should not become pregnant while taking
the drug. Any woman who becomes pregnant or suspects
that she has become pregnant while taking an anticoagu-
lant should check with her physician immediately.

BREASTFEEDING. Some anticoagulant drugs may
pass into breast milk. Blood tests can be done on nursing
babies to see whether the drug is causing any problems.
If it is, other medication may be prescribed to counteract
the effects of the anticoagulant drug.

OTHER MEDICAL CONDITIONS. Before using anti-
coagulant drugs, people should inform their physician
about any medical problems they have. They should also
let the physician who prescribed the medicine know if
they are being treated by any other medical physician or
dentist. In addition, people who will be taking anticoagu-
lant drugs should let their physician know if they have
recently had any of the following:

« fever lasting more than one to two days
« severe or continuing diarrhea

« childbirth

« heavy or unusual menstrual bleeding

« insertion of an intrauterine contraceptive device (i.e.,
1UD)

« falls, injuries, or blows to the body or head

« any type of surgery, including dental surgery
« spinal anesthesia

« radiation treatment

« any intestinal condition

Side effects

The most common minor side effects are bloating or
gas. These problems usually go away as the body adjusts
to the drug and do not require medical treatment.

More serious side effects may occur, especially if
excessive anticoagulant is taken. If any of the following
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Anticoagulant and antiplatelet drugs

side effects occur, a physician should be notified imme-
diately:

* bleeding gums

« sores or white spots in the mouth or throat

« unusual bruises or purplish areas on the skin

« unexplained nosebleeds

« unusually heavy bleeding or oozing from wounds
« unexpected or unusually heavy menstrual bleeding
* blood in the urine

* cloudy or dark urine

« painful or difficult urination or sudden decrease in
amount of urine

* black, tarry, or bloody stools
* coughing up blood

» vomiting blood or something that looks like coffee
grounds

* constipation

» pain or swelling in the stomach or abdomen
* back pain

« stiff, swollen, or painful joints

» painful, bluish or purplish fingers or toes

» puffy or swollen eyelids, face, feet, or lower legs
« changes in the color of the face

« skin rash, itching, or hives

« yellow eyes or skin

« severe or continuing headache

« sore throat and fever, with or without chills
* breathing problems or wheezing

« tightness in the chest

* dizziness

+ unusual tiredness or weakness

* weight gain

In addition, patients taking anticoagulant drugs
should check with their physicians as soon as possible if
any of these side effects occur:

* nausea or vomiting
* diarrhea
* stomach pain or cramps

Other side effects may occur. Anyone who has un-
usual symptoms while taking anticoagulant drugs should
get in touch with the prescribing physician.
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KEY TERMS

Anticoagulant—Drug used to prevent clot forma-
tion or to prevent a clot that has formed from en-
larging.

Antiplatelet drug—Drug that inhibits platelets
from aggregating to form a plug.

Atherosclerosis—Condition characterized by de-
posits of fatty plaque in the arteries.

Catheter—A tube for passage of fluid into the
body or into a body cavity.

Clot—A soft, semi-solid mass that forms when
blood gels.

Platelet—A small, disk-shaped body in the blood
that has an important role in blood clotting: they
form the initial plug at the rupture site of a blood
vessel.

Thrombin—A protein produced by the body that
is a specific clotting factor that plays an important
role in the blood-clotting process.

Thrombin inhibitor—One type of anticoagulant
medication, used to help prevent formation of
harmful blood clots in the body by blocking the
activity of thrombin.

Interactions

Anticoagulants may interact with many other med-
ications. When this happens, the effects of one or both of
the drugs may change or the risk of side effects may be
increased. Anyone who takes anticoagulants should in-
form the prescribing physician about other prescription or
nonprescription (over-the-counter) medicines he or she is
taking—even aspirin, laxatives, vitamins, and antacids.

Diet also affects the way anticoagulant drugs work
in the body. A normal, balanced diet should be followed
every day while taking such medication. No dietary
changes should be made without informing first the pre-
scribing physician, who should also be told of any illness
or other condition interfering with the ability to eat nor-
mally. Diet is a very important consideration because the
amount of vitamin K in the body affects how anticoagu-
lant drugs work. Dicoumarol and warfarin act by reduc-
ing the effects of vitamin K, which is found in meats,
dairy products, leafy, green vegetables, and some multi-
ple vitamins and nutritional supplements. For the drugs
to work properly, it is best to have the same amount of
vitamin K in the body all the time. Foods containing vit-
amin K should not be increased or decreased without
consulting with the prescribing physician. If the patient
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takes vitamin supplements, he or she should check the
label to see if it contains vitamin K. Because vitamin K
is also produced by intestinal bacteria, a severe case of
diarrhea or the use of laxatives may also alter a person’s
vitamin K levels.

Resources
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Antiemetic drugs see Antinausea drugs

Antihypertensive drugs
Definition

Antihypertensive drugs are medicines that help
lower blood pressure.

Purpose

All antihypertensive agents lower blood pressure, al-
though the mechanisms of action vary greatly. Within this
therapeutic class, there are several subgroups. There are a
very large number of drugs used to control hypertension,
and the drugs listed below are representatives, but not the
only members of their classes.

Description

The calcium channel blocking agents, also called
slow channel blockers or calcium antagonists, inhibit the
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movement of ionic calcium across the cell membrane.
This reduces the force of contraction of heart muscles
and arteries. Although the calcium channel blockers are
treated as a group, there are four different chemical
classes, leading to significant variations in the activity of
individual drugs. Nifedipine (Adalat, Procardia) has the
greatest effect on the blood vessels, while verapamil
(Calan, Isoptin) and diltiazem (Cardizem) have a greater
effect on the heart muscle itself.

Peripheral vasodilators such as hydralazine (Apreso-
line), isoxuprine (Vasodilan), and minoxidil (Loniten)
act by relaxing blood vessels.

There are several groups of drugs that act by reduc-
ing adrenergic nerve stimulation, the excitatory nerve
stimulation that causes contraction of the muscles in the
arteries, veins, and heart. These drugs include the beta-
adrenergic blockers and alpha/beta adrenergic blockers.
There are also non-specific adrenergic blocking agents.

Beta-adrenergic blocking agents include propranolol
(Inderal), atenolol (Tenormin), and pindolol (Visken).
Propranolol acts on the beta-adrenergic receptors any-
where in the body, and has been used as a treatment for
emotional anxiety and rapid heart beat. Atenolol and
acebutolol (Sectral) act specifically on the nerves of the
heart and circulation.

There are two alpha/beta adrenergic blockers, la-
betolol (Normodyne, Trandate) and carvedilol (Coreg).
These work similarly to the beta blockers.

Angiotensin-converting enzyme inhibitors (ACE in-
hibitors) act by inhibiting the production of angiotensin II,
a substance that induces both constriction of blood vessels
and retention of sodium, which leads to water retention
and increased blood volume. There are 10 ACE inhibitors
currently marketed in the United States, including capto-
pril (Capoten), benazepril (Lotensin), enalapril (Vasotec),
and quinapril (Acupril). The primary difference between
these drugs is their onset and duration of action.

The ACE II inhibitors, losartan (Cozaar), candesar-
tan (Atacand), irbesartan (Avapro), telmisartan (Mi-
cardis), valsartan (Diovan), and eprosartan (Teveten) di-
rectly inhibit the effects of ACE II rather than blocking
its production. Their actions are similar to the ACE in-
hibitors, but they appear to have a more favorable side
effect and safety profile.

In addition to these drugs, other classes of drugs have
been used to lower blood pressure, most notably the thi-
azide diuretics. There are 12 thiazide diuretics marketed
in the United States, including hydrochlorothiazide (Hy-
drodiuril, Esidrex), indapamide (Lozol), polythiazide (Re-
nese), and hydroflumethiazide (Diucardin). The drugs in
this class appear to lower blood pressure through several

89

s3nap aaisualiadAynuy



Antihypertensive drugs

Antihypertensive Drugs

Brand Name (Generic Name)

Possible Common Side Effects Include:

Accupril (quinapril hydrochloride)
Aldatazide

Aldactone (spironolactone)
Aldomet (methyldopa)

Altace (ramipril)

Calan, Calan SR (verapamil hydrochloride)
Capoten (captopril)

Cardene (nicardipine Hydrochloride)
Cardizem (diltiazem hydrochloride)
Cardura (doxazosin mesylate)
Catapres

Corgard (nadolol)

Corzide

Diuril (chlorothiazide)

Dyazide

DynaCirc (isradipine)

HydroDIURIL (hydrochlorothiazide)
Hygroton (chlorthalidone)

Hytrin (terazosin hydrochloride)
Inderal (propranolol hydrochloride)
Inderide

Lasix (furosemide)

Lopressor (metoprolol tartrate)
Lotensin (benazepril hydrochloride)
Alozol (indapamide)

Maxzide

Minipress (prazosin hdrochloride)
Moduretic

Monopril (fosinopril sodium)
Normodyne (labetalol hydrochloride)
Plendil (felodipine)

Procardia, Procardia X (nifedipine)
Sectral (acebutolol hydrochloride)
Ser-Ap-Es

Tenex (guanfacine hydrochloride)
Tenoretic

Tenormin (atenolol)

Veseretic

Vasotec (enalapril maleate)

Visken (pindolol)

Wytensin (guanabenz acetate)
Zaroxolyn (metolazone)

Zestoretic (lisinopril hydrochlorothiazide)
Zestril (lisinopril)

Headache, dizziness

Diarrhea, fever, headache, decreased coordination

Cramps, drowsiness, stomach disorders

Fluid retention, headache, weak feeling

Headache, cough

Constipation, fatigue, decreased blood pressure

Decreased sense of taste, decreased blood pressure tiching, rash
Dizziness, headache, indigestion and nausea, increased heartbeat
Dizziness, fluid retention, headache, nausea, skin rash

Dizziness, fatigue, drowsiness, headache

Dry mouth, drowsiness, dizziness, constipation

Behaviorial changes, dizziness, decreased heartbeat, tiredness
Dizziness, decreased heartbeat, fatigue, cold hands and feet
Cramps, constipation or diarrhea, dizziness, fever, increased glocose level in urine
Blurred vision, muscle and abdominal pain, fatigue

Chest pain, fluid retention, headache, fatigue

Upset stomach, headache, cramps, loss of appetite

Anemia, constipation or diarrhea, cramps, itching

Dizziness, labored breathing, nausea, swelling

Constipation or diarrhea, tingling sensation, nausea and vomiting
Blurred vision, cramps, fatigue, loss of appetite

Back and muscle pain, indigestion, nausea

Diarrhea, itching/rash, tiredness

Nausea, dizziness, fatigue, headache

Anxiety, headache, loss of energy, muscle cramps

Cramps, labored breathing, drowsiness, irritated stomach
Headache, nausea, weakness, dizziness

Diarrhea, fatigue, itching, loss of appetite

Nausea and vomiting, headache, cough

Fatigue, nausea, stuffy nose

Pain in back, chest, muscles, joints, and abdomen, itching, dry mouth, respiratory problems
Swelling, constipation, decreased blood pressure, nausea, fatigue
Constipation or diarrhea, gas, chest and joint pain

Blurred vision, cramps, muscle pain, dizziness

Headache, constipation, dry mouth, weakness

Decreased heartbeat, fatigue, nausea

Nausea, fatigue, dizziness

Diarrhea, muscle cramps, rash

Chest pain, blurred vision, constipation or diarrhea, hives, nausea
Muscle cramps, labored breathing, nausea, fluid retention
Headache, drowsiness, dizziness

Constipation or diarrhea, chest pain, spasms, nausea

Fatigue, headache, dizziness

Labored breathing, abdominal and chest pain, nausea, decreased blood pressure

mechanisms. By promoting sodium loss they lower blood
volume. At the same time, the pressure of the walls of
blood vessels, the peripheral vascular resistance, is low-
ered. Thiazide diuretics are commonly used as the first
choice for reduction of mild hypertension, and may be
used in combination with other antihypertensive drugs.

Sodium nitroprusside (Nitropress) and diazoxide
(Hyperstat) are used for rapid treatment of hypertensive
emergencies. They are given by vein, often during surgery,
to reduce blood pressure that suddenly becomes elevated.

Many classes of antihypertensive drugs have been
used before surgery to maintain a low blood pressure
during the procedure. There does not appear to be a sig-
nificant difference between drugs when they are used for
blood pressure reduction during surgery.
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Recommended dosage

Recommended dosage varies with patient, drug, severity
of hypertension, and whether the drug is being used alone or
in combination with other drugs. Patients should consult spe-
cialized references or ask a physician for further information.

Precautions

The warnings and precautions given below apply to
the use of antihypertensive drugs over a long period of
time. These adverse effects are generally not a problem
when the drugs are given as a single dose prior to surgery.

Because of the large number of classes and individ-
ual drugs in this group, patients should ask their physi-
cians about specific drugs.
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KEY TERMS

Adrenergic—Activated by adrenaline (norepineph-
rine), loosely applied to the sympathetic nervous
system responses.

Angioedema—An allergic skin disease character-
ized by patches of circumscribed swelling involv-
ing the skin and its subcutaneous layers, the mu-
cous membranes, and sometimes the viscera—also
called angioneurotic edema, giant urticaria,
Quincke’s disease, or Quincke’s edema.

Arteries—Blood vessels that carry blood away from
the heart to the cells, tissues, and organs of the body.

Laryngospasm—Spasmodic closure of the larynx.

Pregnancy category—A system of classifying drugs
according to their established risks for use during
pregnancy. Category A: Controlled human studies

Peripheral vasodilators may cause dizziness and or-
thostatic hypotension—a rapid lowering of blood pres-
sure when the patient stands up in the morning. Patients
taking these drugs must be instructed to rise from bed
slowly. Pregnancy risk factors for this group are general-
ly category C, meaning they may result in adverse af-
fects on the fetus. Hydralazine has been shown to cause
cleft palate in animal studies, but there is no human data
available. Breastfeeding is not recommended.

ACE inhibitors are generally well tolerated, but may
rarely cause dangerous reactions including laryngospasm
and angioedema. Persistent cough is a common side ef-
fect. ACE inhibitors should not be used in pregnancy.
When used in pregnancy during the second and third
trimesters, ACE inhibitors can cause injury to and even
death in the developing fetus. When pregnancy is detect-
ed, discontinue the ACE inhibitor as soon as possible.
Breastfeeding is not recommended.

ACE II inhibitors are generally well tolerated and do
not cause cough. Pregnancy risk factor is category C dur-
ing the first trimester and category D (known to cause
adverse effects in the fetus) during the second and third
trimesters. Drugs that act directly on the renin-an-
giotensin system can cause fetal and neonatal morbidity
and death when administered to pregnant women. Sever-
al dozen cases have been reported in patients who were
taking ACE inhibitors. When pregnancy is detected, dis-
continue ACE inhibitors as soon as possible. Breast-
feeding is not recommended.

Thiazide diuretics commonly cause potassium de-
pletion. Patients should have potassium supplementation
either through diet, or potassium supplements. Pregnan-
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have demonstrated no fetal risk. Category B: Ani-
mal studies indicate no fetal risk, but no human
studies; or adverse effects in animals, but not in
well-controlled human studies. Category C: No ad-
equate human or animal studies; or adverse fetal
effects in animal studies, but no available human
data. Category D: Evidence of fetal risk, but bene-
fits outweigh risks. Category X: Evidence of fetal
risk. Risks outweigh any benefits.

Sympathetic nervous system—The part of the auto-
nomic nervous system that is concerned with prepar-
ing the body to react to situations of stress or emer-
gency; it contains chiefly adrenergic fibers and tends
to depress secretion, decrease the tone and contrac-
tility of smooth muscle, and increase heart rate.

cy risk factor is category B (chlorothiazide, chlorthali-
done, hydrochlorothiazide, indapamide, metolazone) or
category C (bendroflumethiazide, benzthiazide, hy-
droflumethiazide, methyclothiazide, trichlormethiazide).
Routine use during normal pregnancy is inappropriate.
Thiazides are found in breast milk. Breastfeeding is not
recommended.

Beta blockers may cause a large number of adverse
reactions including dangerous heart rate abnormalities.
Pregnancy risk factor is category B (acebutolol, pindolol,
sotalol) or category C (atenolol, labetalol, esmolol, meto-
prolol, nadolol, timolol, propranolol, penbutolol, carte-
olol, bisoprolol). Breastfeeding is not recommended.

Interactions

Patients should ask their doctors and consult specif-
ic references for food and drug interactions.

Samuel Uretsky, PharmD

Antinausea drugs
Definition

Antinausea drugs are medicines that control nausea—
a feeling of sickness or queasiness in the stomach with an
urge to vomit. These drugs also prevent or stop vomiting.
Drugs that control vomiting are called antiemetic drugs.
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Antinausea drugs

Antinausea Drugs
Brand Name (Generic Name) Possible Common Side Effects Include:
Compazine (phochlorperazine) Involuntary muscle spasms, dizziness, jitteriness, puckering of the mouth
Phenergan (promethazine hydrochloride) Dizziness, dry mouth, nausea and vomiting, rash
Reglan (metoclopramide hydrochloride) Fatigue, drowsiness, restlessness
Tigan (trimethobenzamide hydrochloride) Blurred vision, diarrhea, cramps, headache
Zofan (ondansetron hydrochloride) Constipation, headache, fatigue, abdominal pain
Purpose Precautions

Prochlorperazine (Compazine), the medication de-
scribed in detail in this entry, controls both nausea and
vomiting. Prochlorperazine is also sometimes prescribed
for symptoms of mental disorders, such as schizophre-
nia. Prochlorperazine may be used to control the nausea
and vomiting that occur during recovery from the gener-
al anesthetics used in surgery.

Some antihistamines such as dimenhydrinate (Dra-
mamine) and meclizine (Antivert, Bonine) are useful for
treatment of the nausea and vomiting associated with
motion sickness.

A group of drugs called the SHT3 inhibitors, on-
dansetron (Zofran) and granisetron (Kytril), are used to
control the nausea and vomiting associated with anticancer
drugs. Ondansetron and granisetron are also valuable for
controlling nausea and vomiting following surgery.

Corticosteroid hormones such as dexamethasone
(Decadron, Hexdrol) may also be used as antiemetics.

Description

Prochlorperazine is available only with a physician’s
prescription. It is sold in syrup, capsule, tablet, injection,
and suppository forms.

Recommended dosage

To control nausea and vomiting in adults, the usual
dose is:

» Tablets: one 5-mg or 10-mg tablet three to four times a
day

» Extended-release capsules: one 15-mg capsule first
thing in the morning or one 10-mg capsule every 12
hours

* Suppository: 25 mg, twice a day
* Syrup: 5-10 mg three to four times a day

* Injection: 5-10 mg injected into a muscle three to four
times a day

Doses for children must be determined by a physician.
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Prochlorperazine may cause a movement disorder
called tardive dyskinesia. Signs of this disorder are in-
voluntary twitches and muscle spasms in the face and
body and jutting or rolling movements of the tongue.
The condition may be permanent. Older people, espe-
cially women, are particularly at risk of developing this
problem when they take prochlorperazine.

Some people feel drowsy, dizzy, lightheaded, or less
alert when using this medicine. The drug may also cause
blurred vision, and movement problems. For these rea-
sons, people who take this drug should not drive, use
machines, or do anything else that might be dangerous
until they have found out how the drug affects them.

Prochlorperazine makes some people sweat less,
which can allow the body to overheat. The drug may
also make the skin and eyes more sensitive to the sun.
People who are taking prochlorperazine should try to
avoid extreme heat and exposure to the sun. When
going outdoors, they should wear protective clothing, a
hat, a sunscreen with a skin protection factor (SPF) of
at least 15, and sunglasses that block ultraviolet (UV)
light. Saunas, sunlamps, tanning booths, tanning beds,
hot baths, and hot tubs should be avoided while taking
this medicine. Anyone who must be exposed to extreme
heat while taking the drug should check with his or her
physician.

This medicine adds to the effects of alcohol and
other drugs that slow down the central nervous system,
such as antihistamines, cold and flu medicines, tranquil-
izers, sleep aids, anesthetics, some pain medicines, and
muscle relaxants. People taking prochlorperazine
should not drink alcohol, and should check with the
physician who prescribed the drug before combining it
with any other medicines.

Patients should not stop taking this medicine with-
out checking with the physician who prescribed it. Stop-
ping the drug suddenly can dizziness, nausea, vomiting,
tremors, and other side effects. When stopping the medi-
cine, it may be necessary to taper the dose gradually.

Prochlorperazine may cause false pregnancy tests.
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Women who are pregnant (or planning to become
pregnant) or are breastfeeding should check with their
physicians before using this medicine.

Before using prochlorperazine, people with any of
these medical problems should make sure their physi-
cians are aware of their conditions:

* previous sensitivity or allergic reaction to prochlorper-
azine

« heart disease

* glaucoma

« brain tumor

« intestinal blockage

« abnormal blood conditions, such as leukemia

* exposure to pesticides

Side effects

Many side effects are possible with this drug, includ-
ing, but not limited to, constipation, dizziness, drowsi-
ness, decreased sweating, dry mouth, stuffy nose, move-
ment problems, changes in menstrual period, increased
sensitivity to sun, and swelling or pain in breasts. Anyone
who has unusual or troublesome symptoms after taking
prochlorperazine should contact his or her physician.

Interactions

Prochlorperazine may interact with other medicines.
When this happens, the effects of one or both of the drugs
may change or the risk of side effects may be greater.
Among the drugs that may interact with prochlorperazine
are antiseizure drugs such as phenytoin (Dilantin) and
carbamazepine (Tegretol), anticoagulants such as war-
farin (Coumadin), and drugs that slow the central ner-
vous system such as alprazolam (Xanax), diazepam (Val-
ium), and secobarbital (Seconal). Not every drug that in-
teracts with prochlorperazine is listed here, and all pa-
tients should consult with a physician or pharmacist
before taking any other prescription or nonprescription
(over-the-counter) drug with prochlorperazine.

Resources

BOOKS

Brody, T. M., J. Larner, K. P. Minneman, and H. C. Neu.
Human Pharmacology: Molecular to Clinical, 2nd ed. St.
Louis: Mosby Year-Book, 1998.

Griffith, H. W., and S. Moore. 2001 Complete Guide to Pre-
scription and Nonprescription Drugs. New York: Berkely
Publishing Group, 2001.

OTHER

“Anticholinergics/Antispasmodics.” Medline Plus Drug Infor-
mation. [cited June 25 2003] < http://www.nlm.nih.gov/
medlineplus/druginfo/uspdi/202049.html>.
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KEY TERMS

Anesthetic—Medicine that causes a loss of feel-
ing, especially pain. Some anesthetics also cause
a loss of consciousness.

Antihistamine—Medicine that prevents or relieves
allergy symptoms.

Central nervous system—The brain, spinal cord
and the nerves throughout the body.

Corticosteroid—A steroid molecule, produced by
the adrenal gland, used in medicine to reduce in-
flammation. May also apply to synthetic com-
pounds which have structures and uses similar to
the natural compounds.

Spasm—Sudden, involuntary tensing of a muscle
or a group of muscles.

Tardive dyskinesia—A disorder brought on by cer-
tain medications that is characterized by uncon-
trollable muscle spasms.

Tranquilizer—Medicine that has a calming effect
and is used to treat anxiety and mental tension.

“Antihistamines (Systemic).” Medline Plus Drug Information.
[cited June 25 2003] <http://www.nlm.nih.gov/medline
plus/druginfo/uspdi/202060.htm1>.

“Ondansetron.” Medline Plus Drug Information. [cited June 25
2003] <http://www.nlm.nih.gov/medlineplus/druginfo/
medmaster/a601209.html>.

“Prochlorperazine.” Medline Plus Drug Information. [cited
June 25, 2003] < http://www.nlm.nih.gov/medlineplus/
druginfo/medmaster/a682116.html>.

Nancy Ross-Flanigan
Sam Uretsky, PharmD

Antiplatelet drugs see Anticoagulant and
antiplatelet drugs

Antiseptics
Definition

An antiseptic is a substance that inhibits the growth
and development of microorganisms. For practical pur-
poses, antiseptics are routinely thought of as topical
agents, for application to skin, mucous membranes, and
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Antiseptics

inanimate objects, although a formal definition includes
agents that are used internally, such as the urinary tract
antiseptics.

Purpose

Antiseptics are a diverse class of drugs that are ap-
plied to skin surfaces or mucous membranes for their
anti-infective effects. This may be either bacteriocidal
(kills bacteria) or bacteriostatic (stops the growth of bac-
teria). Their uses include cleansing of skin and wound
surfaces after injury, preparation of skin surfaces prior to
injections or surgical procedures, and routine disinfection
of the oral cavity as part of a program of oral hygiene.
Antiseptics are also used for disinfection of inanimate ob-
jects, including instruments and furniture surfaces.

Commonly used antiseptics for skin cleaning include
benzalkonium chloride, chlorhexidine, hexachlorophine,
iodine compounds, mercury compounds, alcohol, and hy-
drogen peroxide. Other agents that have been used for
this purpose, but have largely been supplanted by more
effective or safer agents, include boric acid and volatile
oils such as methyl salicylate (oil of wintergreen).

Chlorhexidine shows a high margin of safety when
applied to mucous membranes, and has been used in oral
rinses and preoperative total body washes.

Benzalkonium chloride and hexachlorophine are used
primarily as hand scrubs or face washes. Benzalkonium
may also find application as a disinfecting agent for instru-
ments, and in low concentration as a preservative for drugs
including ophthalmic solutions. Benzalkonium chloride is
inactivated by organic compounds, including soap, and
must not be applied to areas that have not been fully rinsed.

Todine compounds include tincture of iodine and
povidone iodine compounds. Iodine compounds have the
broadest spectrum of all topical anti-infectives, with ac-
tion against bacteria, fungi, viruses, spores, protozoa, and
yeasts. lodine tincture is highly effective, but its alcoholic
component is drying and extremely irritating when ap-
plied to abraded (scraped or rubbed) skin. Povidone io-
dine, an organic compound, is less irritating and less toxic,
but not as effective. Povidone iodine has been used for
hand scrubs and disinfection of surgical sites. Aqueous so-
lutions of iodine have also been used as antiseptic agents,
but are less effective than alcoholic solutions and less con-
venient to use that the povidone iodine compounds.

Hydrogen peroxide acts through the liberation of
oxygen gas. Although the antibacterial activity of hydro-
gen peroxide is relatively weak, the liberation of oxygen
bubbles produces an effervescent action, which may be
useful for wound cleansing through removal of tissue de-
bris. The activity of hydrogen peroxide may be reduced
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by the presence of blood and pus. The appropriate con-
centration of hydrogen peroxide for antiseptic use is 3%,
although higher concentrations are available.

Thimerosol (Mersol) is a mercury compound with
activity against bacteria and yeasts. Prolonged use may
result in mercury toxicity.

Recommended dosage

Dosage varies with product and intended use. Pa-
tients should ask a physician.

Precautions
Precautions vary with individual product and use.

Hypersensitivity reactions should be considered
with organic compounds such as chlorhexidine, benza-
lkonium and hexachlorophine.

Skin dryness and irritation should be considered
with all products, but particularly with those containing
alcohol.

Systemic toxicity may result from ingestion of io-
dine-containing compounds or mercury compounds.

Most antiseptics have not been rated according to
pregnancy category under the pregnancy risk factor sys-
tem. Hexachlorophene is schedule C during pregnancy,
and should not be used on newborns due to risk of sys-
temic absorption with potential central nervous system
(CNS) effects, including convulsions. Application of
hexachlorophene to open wounds, mucous membranes,
or areas of thin skin, such as the genitalia, should be
avoided, since this may promote systemic absorption.

Chlorhexidine should not be instilled into the ear.
There is one anecdotal report of deafness following use
of chlorhexidine in a patient with a perforated eardrum.
Safety in pregnancy and breastfeeding have not been re-
ported; however there is one anecdotal report of an infant
developing slowed heartbeat apparently related to mater-
nal use of chlorhexidine.

Todine compounds should be used sparingly during
pregnancy and lactation due to risk of infant absorption
of iodine with alterations in thyroid function.

Interactions

Antiseptics are not known to interact with any other
medicines. However, they should not be used together
with any other topical cream, solution, or ointment.

Resources

PERIODICALS

Farley, Dixie. “Help for Cuts, Scrapes and Burns.” FDA Con-
sumer (May 1996): 12.
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KEY TERMS

Antibiotic—A medicine used to treat infections.

Bacteria—Tiny, one-celled forms of life that cause
many diseases and infections.

Mucous membrane—The moist lining of a body
cavity or structure, such as the mouth or nose.

Pregnancy category—A system of classifying
drugs according to their established risks for use
during pregnancy. Category A: Controlled human
studies have demonstrated no fetal risk. Category
B: Animal studies indicate no fetal risk, but no
human studies; or adverse effects in animals, but
not in well-controlled human studies. Category C:
No adequate human or animal studies; or adverse
fetal effects in animal studies, but no available
human data. Category D: Evidence of fetal risk,
but benefits outweigh risks. Category X: Evidence
of fetal risk. Risks outweigh any benefits.

McDonnell, Gerald and A. Denver Russell. “Antiseptics and
Disinfectants: Activity, Action, and Resistance.” Clinical
Microbiology Reviews Vol. 12, No. 1 (January 1999):
147-179. Also available at <http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=88911>. [cited June 30,
2003].

Waldman, Hilary. “New ways to treat wounds; Doctors aban-
don failed conventions that focus on caring for bruises at
the surface for methods that reach the source.” Los Ange-
les Times (May 26, 2003).

Weber J. et al. “Efficacy of selected hand hygiene agents used
to remove Bacillus atrophaeus (a surrogate of Bacillus an-
thracis) from contaminated hands.” Journal of the Ameri-
can Medical Association (Mar 12, 2003).

OTHER

United States Department of Energy. “Antiseptics and Disin-
fectants.” Ask A Scientist: Molecular Biology Archive. De-
cember 04, 2002 [cited June 29, 2003]. <http://newton.
dep.anl.gov/askasci/mole00/mole00361.htm>.

Samuel Uretsky, PharmD

Antrectomy
Definition

An antrectomy is the resection, or surgical removal,
of a part of the stomach known as the antrum. The
antrum is the lower third of the stomach that lies be-
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tween the body of the stomach and the pyloric canal,
which empties into the first part of the small intestine. It
is also known as the antrum pyloricum or the gastric
antrum. Because an antrectomy is the removal of a por-
tion of the stomach, it is sometimes called a partial or
subtotal gastrectomy.

Purpose

An antrectomy may be performed to treat several
different disorders that affect the digestive system:

« Peptic ulcer disease (PUD). An antrectomy may be done
to treat complications from ulcers that have not respond-
ed to medical treatment. These complications include
uncontrolled or recurrent bleeding and obstructions that
prevent food from passing into the small intestine. Be-
cause the antrum produces gastrin, which is a hormone
that stimulates the production of stomach acid, its re-
moval lowers the level of acid secretions in the stomach.

Cancers of the digestive tract and nearby organs. An
antrectomy may be performed not only to remove a
malignant gastric ulcer, but also to relieve pressure on
the lower end of the stomach caused by cancers of the
pancreas, gallbladder, or liver.

Arteriovenous malformations (AVMs) of the stomach.
AVMs are collections of small blood vessels that may
develop in various parts of the digestive system. AVMs
can cause bleeding into the gastrointestinal tract, result-
ing in hematemesis (vomiting blood) or melena (black
or tarry stools containing blood). The type of AVM most
likely to occur in the antrum is known as gastric antral
vascular ectasia (GAVE) syndrome. The dilated blood
vessels in GAVE produce reddish streaks on the wall of
the antrum that look like the stripes on a watermelon.

Gastric outlet obstruction (GOO). GOO is not a single
disease or disorder but a condition in which the stom-
ach cannot empty because the pylorus is blocked. In
about 37% of cases, the cause of the obstruction is be-
nign—most often PUD, gallstones, bezoars, or scarring
caused by ingestion of hydrochloric acid or other caus-
tic substance. The other 63% of cases are caused by
pancreatic cancer, gastric cancer, or other malignancy
that has spread to the digestive tract.

Penetrating gunshot or stab wounds that have caused
severe damage to the duodenum and pancreas. An
antrectomy may be done as an emergency measure
when the blood vessels supplying the duodenum have
been destroyed.

Demographics

Peptic ulcer disease (PUD) is fairly common in the
general United States population. According to the
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

An antrectomy is performed as an inpatient
procedure in a hospital. It is usually performed
by a specialist in gastrointestinal surgery or sur-
gical oncology.

Centers for Disease Control (CDC), about 10% of all
Americans will develop an ulcer in the stomach or duo-
denum at some point in their life. About four million
adults are diagnosed or treated each year for PUD; one
million will be hospitalized for treatment; and 40,000
will have surgery for an ulcer-related condition. About
6,500 Americans die each year from complications re-
lated to PUD. The annual costs to the United States
economy from peptic ulcer disease are estimated to be
over $6 billion.

Peptic ulcers can develop at any age, but in the Unit-
ed States they are very unusual in children and uncom-
mon in adolescents. Adults between the ages of 30 and
50 are most likely to develop duodenal ulcers, while gas-
tric ulcers are most common in those over 60. Duodenal
ulcers are more common in men, and gastric ulcers are
more common in women. Other risk factors for PUD in-
clude heavy smoking and a family history of either duo-
denal or gastric ulcers.

GAVE, or watermelon stomach, is a very rare cause
of gastrointestinal bleeding that was first identified in
1952. It has been associated with such disorders as scle-
roderma, cirrhosis of the liver, familial Mediterranean
fever, and heart disease. GAVE affects women slightly
more than twice as often as men. It is almost always
found in the elderly; the average age at diagnosis is 73 in
women and 68 in men.

Gastric cancer is the 14th most common type of
malignant tumor in the United States; however, it occurs
much more frequently in Japan and other parts of Asia
than in western Europe and North America. About
24,000 people in the United States are diagnosed each
year with gastric cancer. Risk factors for developing it
include infection of the stomach lining by Helicobacter
pylori; Asian American, Hispanic, or African American
heritage; age 60 or older; heavy smoking; a history of
pernicious anemia; and a diet heavy in dry salted foods.
Men are more likely to develop gastric cancer than
women. Some doctors think that exposure to certain
toxic chemicals in the workplace is also a risk factor for
gastric cancer.
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Description

At present almost all antrectomies are performed as
open procedures, which means that they are done
through a large incision in the patient’s abdomen with
the patient under general anesthesia. After the patient is
anesthetized, a urinary catheter is placed to monitor uri-
nary output, and a nasogastric tube is inserted. After the
patient’s abdomen has been cleansed with an antiseptic,
the surgeon makes a large incision from the patient’s rib
cage to the navel. After separating the overlying layers of
tissue, the surgeon exposes the stomach. One clamp is
placed at the lower end and another clamp somewhat
higher, dividing off the lower third of the stomach. A
cutting stapler may be used to remove the lower third
(the antrum) and attach the upper portion of the stomach
to the small intestine. After the stomach and intestine
have been reattached, the area is rinsed with saline solu-
tion and the incision closed.

Most antrectomies are performed together with a
vagotomy. This is a procedure in which the surgeon cuts
various branches of the vagus nerve, which carries mes-
sages from the brain to the stomach to secrete more
stomach acid. The surgeon may choose to perform a se-
lective vagotomy in order to disable the branches of the
nerve that govern gastric secretion without cutting the
branches that control stomach emptying.

Some surgeons have performed antrectomies with a
laparoscope, which is a less invasive type of surgery.
However, as of 2003, this technique is still considered
experimental.

Diagnosis/Preparation
Diagnosis

Diagnosis of PUD and other stomach disorders be-
gins with taking the patient’s history, including a fami-
ly history. In many cases the patient’s primary care
physician will order tests in order to narrow the diagno-
sis. If the patient is older or has lost a large amount of
weight recently, the doctor will consider the possibility
of gastric cancer. If there is a history of duodenal or
gastric ulcers in the patient’s family, the doctor may ask
questions about the type of discomfort the patient is ex-
periencing. Pain associated with duodenal ulcers often
occurs at night, is relieved at mealtimes, but reappears
two to three hours after eating. Pain from gastric ulcers,
on the other hand, may be made worse by eating and
accompanied by nausea and vomiting. Vomiting that
occurs repeatedly shortly after eating suggests a gastric
obstruction.

The most common diagnostic tests for stomach dis-
orders are:
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» Endoscopy. An endoscope is a thin flexible tube with a
light source and video camera on one end that can be
passed through the mouth and throat in order to look at
the inside of the upper digestive tract. The video cam-
era attached to the endoscope projects images on a
computer screen that allow the doctor to see ulcers, tis-
sue growths, and other possible problems. The endo-
scope can be used to collect tissue cells for a cytology
analysis, or a small tissue sample for a biopsy. A tissue
biopsy can be used to test for the presence of Heli-
cobacter pylori, a spiral bacterium that was discovered
in 1982 to be the underlying cause of most gastric ul-
cers, as well as to test for cancer. Endoscopy is one of
the most effective tests for diagnosing AVMs.

Double-contrast barium x-ray study of the upper gas-
trointestinal tract. This test is sometimes called an upper
GI series. The patient is given a liquid form of barium to
take by mouth. The barium coats the tissues lining the
esophagus, stomach, and small intestine, allowing them
to be seen more clearly on an x ray. The radiologist can
also watch the barium as it moves through the digestive
system in order to pinpoint the location of blockages.

Urease breath test. This test can be used to monitor the
effects of ulcer treatment as well as to diagnose the
presence of H. pylori. The patient is given urea labeled
with either carbon 13-C or 14-C. H. pylori produces
urease, which will break down the urea in the test dose
to ammonia and carbon dioxide containing the labeled
carbon. The carbon dioxide containing the labeled car-
bon can then be detected in the patient’s breath.

Preparation

Preparation for an antrectomy requires tests to eval-
uate the patient’s overall health and fitness for surgery.
These tests include an EKG, x rays, blood tests, and a
urine test. The patient is asked to discontinue aspirin
and other blood-thinning medications about a week be-
fore surgery. No solid food or liquid should be taken
after midnight of the evening before surgery.

In most hospitals the patient will be given a sedative
before the operation either intravenously or by injection.
The general anesthesia is given in the operating room.

Aftercare

Aftercare in the hospital for an antrectomy is similar
to the aftercare given for other operations involving the
abdomen, in terms of incision care, pain medication,
and antibiotics to minimize the risk of infection. Recu-
peration at home usually takes several weeks. The pa-
tient is given an endoscopic check-up about six to eight
weeks after surgery.
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QUESTIONS TO ASK
THE DOCTOR

e What are the alternatives to an antrectomy
for my condition? Which would you recom-
mend and why?

¢ How many antrectomies have you performed?

e How likely am | to develop dumping syn-
drome if | have the procedure?

e What is your opinion of laparoscopic antrec-
tomies? Would | be eligible to participate in a
clinical study of this procedure?

The most important aspect of aftercare following an
antrectomy is careful attention to diet and eating habits.
About 30% of patients who have had an antrectomy or a
full gastrectomy develop what is known as dumping syn-
drome. Dumping syndrome results from food leaving the
stomach too quickly after a meal and being “dumped”
into the small intestine. There are two types of dumping
syndrome, early and late. Early dumping occurs 10-20
minutes after meals and is characterized by feelings of
nausea, lightheadedness, sweating, heart palpitations,
rapid heartbeat, and abdominal cramps. Late dumping
occurs one to three hours after meals high in carbohy-
drates and is accompanied by feelings of weakness,
hunger, and mental confusion. Most patients are able to
manage dumping syndrome by eating six small meals
per day rather than three larger ones; by choosing foods
that are high in protein and low in carbohydrate; by
chewing the food thoroughly; and by drinking fluids be-
tween rather than with meals.

Risks

In addition to early or late dumping syndrome, other
risks associated with antrectomies include:

* Diarrhea. This complication is more likely to occur in
patients who had a vagotomy as well as an antrectomy.

» Weight loss. About 30—60% of patients who have had a
combined antrectomy/vagotomy lose weight after
surgery. The most common cause of weight loss is re-
duced food intake due to the smaller size of the stom-
ach. In some cases, however, the patient loses weight
because the nutrients in the food are not being absorbed
by the body.

» Malabsorption/malnutrition. Iron-deficiency anemia,
folate deficiency, and loss of calcium sometimes occur
after an antrectomy because gastric acid is necessary
for iron to be absorbed from food.
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» Dysphagia. Dysphagia, or discomfort in swallowing,
may occur after an antrectomy when digestive juices
from the duodenum flow upward into the esophagus
and irritate its lining.

* Recurrence of gastric ulcers.

» Bezoar formation. Bezoars are collections of foreign
material (usually vegetable fibers or hair) in the stom-
ach that can block the passage of food into the small in-
testine. They may develop after an antrectomy if the
patient is eating foods high in plant fiber or is not
chewing them thoroughly.

Normal results

Normal results of an antrectomy depend on the rea-
sons for the surgery. Antrectomies performed to reduce
acid secretion in PUD or to remove premalignant tissue
to prevent gastric cancer are over 95% successful. The
success rate is even higher in treating watermelon stom-
ach. Antrectomies performed to treat gastric cancer or
penetrating abdominal trauma are less successful, but
this result is related to the severity of the patient’s illness
or injury rather than the surgical procedure itself.

Morbidity and mortality rates

The mortality rate for antrectomies related to ulcer
treatment is about 1-2%; for antrectomies related to gas-
tric cancer, 1%—-3%.

The rates of complications associated with antrec-
tomies for ulcer treatment are:

» Recurrence of ulcer: 0.5%—1%.
* Dumping syndromes: 25%—-30%.
 Diarrhea: 10%.

Alternatives

As of 2003, antrectomy is no longer the first line of
treatment for either peptic ulcer disease or GAVE. It is
usually reserved for patients with recurrent bleeding or
other conditions such as malignancy, perforation, or ob-
struction.

Although surgery, including antrectomy, is the most
common treatment for stomach cancer, it is almost always
necessary to combine it with chemotherapy, radiation
treatment, or biological therapy (immunotherapy). The
reason for a combination of treatments is that stomach
cancer is rarely discovered early. Its first symptoms are
often mild and easily mistaken for the symptoms of heart-
burn or a stomach virus. As a result, the cancer has often
spread beyond the stomach by the time it is diagnosed.
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Medication

Treatment of peptic ulcers caused by H. pylori has
changed its focus in recent years from lowering the level
of acidity in the stomach to eradicating the bacterium.
Since no single antibiotic is effective in curing H. pylori
infections, so-called triple therapy typically consists of a
combination of one or two antibiotics to kill the bacteri-
um plus a medication to lower acid production and a
third medication (usually bismuth subsalicylate) to pro-
tect the stomach lining.

Specific types of medications that are used as part of
triple therapy or for relief of discomfort include:

* H, blockers. These are used together with antibiotics in
triple therapy to reduce stomach acid secretion. H,
blockers include cimetidine, ranitidine, famotidine, and
nizatidine. Some are available as over-the-counter
(OTC) medications.

* Proton pump inhibitors. These medications include
drugs such as omeprazole and lansoprazole. They are
given to suppress production of stomach acid.

» Prostaglandins. These are given to treat ulcers pro-
duced by a group of pain medications known as
NSAIDs. Prostaglandins protect the stomach lining as
well as lower acid secretion. The best-known medica-
tion in this category is misoprostol.

* Sucralfate. Sucralfate is a compound of sucrose and
aluminum that covers ulcers with a protective coating
that allows eroded tissues to heal.

» Antacids. These compounds are available as OTC
tablets or liquids.

* Bismuth subsalicylate. Sold as an OTC under the trade
name Pepto-Bismol, this medication has some antibac-
terial effectiveness against H. pylori as well as protect-
ing the stomach lining.

Endoscopy

Endoscopy can be used for treatment as well as di-
agnosis. About 10 different methods are in use as of
2003 for treating bleeding ulcers and AVMs with the
help of an endoscope; the most common involve the in-
jection of epinephrine or a sclerosing solution; the appli-
cation of a thermal probe to the bleeding area; or the use
of a Nd:YAG laser to coagulate the open blood vessels.
Watermelon stomach is now treated more often with
argon plasma coagulation than with an antrectomy. Re-
current bleeding, however, occurs in 15-20% of ulcers
treated with endoscopic methods.

Complementary and alternative
(CAM) approaches

Complementary and alternative approaches that
have been used to treat gastric ulcers related to PUD in-
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KEY TERMS

Antrum—The lower part of the stomach that lies
between the pylorus and the body of the stomach.
It is also called the gastric antrum or antrum py-
loricum.

Bezoar—A collection of foreign material, usually
hair or vegetable fibers or a mixture of both, that
may occasionally occur in the stomach or in-
testines and block the passage of food.

Dumping syndrome—A complex physical reaction
to food passing too quickly from the stomach into the
small intestine, characterized by sweating, nausea,
abdominal cramps, dizziness, and other symptoms.

Duodenum—The first portion of the small intes-
tine, lying between the pylorus and the jejunum.

Dysphagia—Difficulty or discomfort in swallowing.

Endoscopy—A technique for looking inside the
stomach or esophagus with the help of a flexible
instrument containing a light and miniature video
camera on one end.

Gastrin—A hormone produced by cells in the
antrum that stimulates the production of gastric acid.

Gastroenterology—The branch of medicine that
specializes in the diagnosis and treatment of disor-
ders affecting the stomach and intestines.

Helicobacter pylori—A spiral-shaped bacterium
that was discovered in 1982 to be the underlying
cause of most ulcers in the stomach and duodenum.

clude acupuncture, Ayurvedic medicine, and herbal
preparations. Ayurvedic medicine, which is the tradition-
al medical system of India, classifies people according to
metabolic body type. People who belong to the type
known as pitta are considered particularly prone to ul-
cers and treated with a diet that emphasizes “cooling”
foods, including large quantities of vegetables. In Japan-
ese medicine, ulcer remedies made from licorice or bu-
pleurum are frequently prescribed. Western herbalists
recommend preparations containing fennel, fenugreek,
slippery elm, or marshmallow root in addition to licorice
to relieve the pain of stomach ulcers.

See also Gastrectomy.
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Hematemesis—Vomiting blood.

Melena—The passing of blackish-colored stools
containing blood pigments or partially digested
blood.

Nonsteroidal anti-inflammatory drugs (NSAIDs)—
A term used for a group of analgesics that are often
given to arthritis patients. About 20% of peptic ul-
cers are thought to be caused by frequent use of
NSAIDs.

Perforation—An opening or hole in the tissues of
the stomach caused by a disease process.

Pylorus—The opening at the lower end of the
stomach, encircled by a band of muscle. The con-
tents of the stomach are pumped into the duode-
num through the pylorus.

Resection—Removal of an organ or structure. An
antrectomy is a resection of the antrum.

Vagotomy—Cutting or dividing various parts of the
vagus nerve that supply the stomach. A vagotomy
is done to reduce acid secretion.

Watermelon stomach—A type of arteriovenous
malformation (AVM) that develops in the antrum.
The dilated blood vessels in the AVM resemble the
stripes of a watermelon. Watermelon stomach is
also known as gastric antral vascular ectasia, or
GAVE syndrome.
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Aortic aneurysm repair
Definition

Aortic aneurysm repair involves the removal of a di-
lated (enlarged) portion of the aorta replaced by a woven
or knitted Dacron graft to continue uninterrupted blood
flow through the aorta and all branch vessels.

Purpose

Aortic aneurysm repair is performed when a por-
tion of the aorta has become dilated as a result of
medionecrosis in the ascending aorta or atherosclerosis
in the arch and descending segments. Congenital de-
fects in connective tissue are also a risk factor. A histo-
ry of blunt trauma may be associated with this disease
propagation. Prior to 1950, patients exposed to syphilis
were at risk of developing aortic aneurysm. Risk of
clot formation and rupture of the aneurysm, seen in
50% of cases, as well as dilation to a size greater than
4 in (10 cm) promote repair of the aneurysm by surgi-
cal techniques.

Demographics

The patient population for this procedure is typically
male with an average age of 65 and a history of
medionecrosis or atherosclerosis of the aorta. Patients
with a medical history significant for syphilis or blunt
trauma are at risk. Congenital defects associated with
Marfan syndrome or Ehlers-Danlos syndrome (congeni-
tal tissue disorders) need to be monitored.

All patients will be monitored until the aneurysm
demonstrates consistent enlargement over time, or grows
to greater than 2.2 in (5.5 cm) in diameter at which time
surgery is suggested. At a diameter of 4 in (10 cm)
surgery is the best option, as risk of rupture increases.
Many patients live without symptoms, having the
aneurysm identified during other medical procedures.
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An incision is made in the abdomen (A), and the aneurysm is visualized (B). The aorta is clamped above the aneurysm, and
the aorta is cut open (C). The clotted blood is removed (D). A synthetic graft may be used to replace the part of the aorta that
had the aneurysm, and it is stitched in place (E). The aorta is then closed over the graft (F). (/llustration by GGS Inc.)

Description

After general anesthesia is administered, the surgeon
will make an incision through the length of the sternum to
repair an ascending, arch, or thoracic aortic aneurysm.
Abdominal aneurysms are approached through a vertical

GALE ENCYCLOPEDIA OF SURGERY

incision in the abdominal wall. Depending on the location
of the aneurysm, cardiopulmonary bypass with deep hy-
pothermic circulatory arrest (arch), cardiopulmonary by-
pass (ascending), or left heart bypass (thoracic) may be
required. All procedures require some amount of antico-
agulation, usually heparin, to be administered to prevent

101

Aredas wisAinaue ooy



Aortic aneurysm repair

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Cardiothoracic or cardiovascular surgeons or
vascular surgeons can perform these proce-
dures. Abdominal and thoracic aortic aneurysm
repairs require less sophisticated equipment
during the surgical procedure, but do need ex-
tensive intensive care post-operatively. Anes-
thetic management plays a crucial role in the
decrease in complications associated with
these procedures. Facilities that can also pro-
vide cardiovascular surgery are best equipped
to manage these patients, but this is not a limi-
tation for all procedures.

blood clot formation. Clamps will be applied across the
aorta to prevent blood flow into the aneurysm. The
aneurysm will be opened to an area where the tissue is
healthy. The healthy tissue will be sutured to a synthetic
fiber fabric graft. The fabric is knit or woven Dacron
fibers and may be impregnated with collagen, gelatin, or
other substances. Blood flow is reinstituted to check for a
secure seal. Additional sutures will be added to prevent
leaking. The incision is then closed at the completion of
the procedure with blood drains penetrating the incision
during healing.

Ascending aortic aneurysms may involve the aortic
valve or coronary arteries. If the aortic valve is damaged,
a graft with an integral aortic valve is used. The coronary
arteries are reconnected to the graft.

Aortic arch aneurysms require the reattachment of
the arch vessels, the innominate artery, the left common
carotid artery, and the left subclavian artery. To de-
crease surgery time, these three vessels can be treated
as a single vessel by using part of the patient’s native
aorta to create an island. This island is then connected
to the graft.

Thoracic aneurysms require special care to protect
the spinal vessels that supply blood to the spinal cord.
Protecting the spinal cord during repair is still an area of
intensive research. Some surgeons feel that rapid implant
of the graft to restore blood flow is the best method to
protect the spinal cord. A bypass graft called a Gott
shunt can be used to redirect the blood flow around the
area during surgical repair. Left-heart bypass provides
the same benefit as a Gott shunt, with the addition of a
mechanical pump for more controlled blood flow to the
abdomen and lower extremities.
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QUESTIONS TO ASK
THE DOCTOR

e How many of these procedures have been
performed by the surgeon?

e What is the mortality rate for this procedure
at the institution?

* What side effects are associated with this sur-
gical procedure, and at what rate are they ex-
perienced by patients?

e What is the expected length of stay in the
hospital?

e Are there any other suitable procedures, such
as endovascular grafting?

e How long before normal activities, exercise,
work, and driving can be resumed?

The abdominal aortic aneurysm is repaired by rapid
anastomosis of the graft to return blood flow to the circu-
lation. If the renal arteries are involved in the aneurysm,
they will be reattached to the graft. Additionally, if the su-
perior celiac, mesenteric, or inferior celiac arteries are in-
volved, they will also be reattached to the graft. Finally, it
is common for the bifurcation (separation into two) of the
iliac arteries to be involved; this may require a Y-shaped
graft to be used to reattach both lower limb vessels.

Diagnosis/Preparation

A simple x ray may provide the initial diagnosis of
aortic aneurysm. Initial diagnosis can be made with
non-invasive transesophageal echocardiography or ul-
trasound. Additional tests such as magnetic resonance
imaging (MRI) or computed tomography (CT) will
allow for additional visualization of the aneurysm. An
angiography is the preferred method for determining
the severity. Blood vessel and aortic valve health can be
evaluated.

Aftercare

Following surgery the patient will be cared for in an
intensive care unit. Cardiac monitoring will be continued
for blood pressure and heart function. Intravenous fluids
will continue to be given, and may include blood prod-
ucts. Additional medications will be continued to support
cardiac function as needed. The ventilator will be removed
after the patient is able to breathe on his/her own. The stay
in the intensive care unit is approximately two to five days
with hospital discharge following a week.
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Risks

There are risks associated with general anesthesia,
not associated with the aortic aneurysm repair. Addition-
al risks of cardiopulmonary bypass are not associated
with surgical repair. Depending on the type of aneurysm
involved, the risks can differ significantly. Since blood
flow to the spinal cord is jeopardized by the surgical re-
pair, thoracic aorta aneurysm repair carries a relatively
high rate of paralysis. Ascending arch aneurysms may
jeopardize coronary blood flow and aortic valve func-
tion. Infection of the sternum can influence recovery
time. Renal function can be impacted by abdominal aor-
tic aneurysm repair. Renal function may improve or re-
main compromised. Long-term complications associated
with the abdominal surgery include intra-abdominal ad-
hesions, small bowel obstructions, and incisional hernia.
Aortic arch aneurysms carry a risk of brain damage asso-
ciated with deep hypothermic circulatory arrest.

Normal results

Repair of the aneurysm will provide normal blood
flow to the systemic circulation. Pain associated with the
aneurysm will be relieved by the repair. The risk of
aneurysm rupture will be eliminated.

Morbidity and mortality rates

During 1999 over 15,000 deaths in the United States
were attributed to aortic aneurysm as reported by the
American Heart Association. Without treatment, the five-
year survival rate is 13%. The Multicentre Aneurysm
Screening Group studied non-emergent abdominal aortic
aneurysm repair, showing a 2—-6% mortality rate at 30
days post surgery. Emergency surgeries demonstrate
37% mortality. In another study, treatment of cardiac dis-
ease by open heart surgery, not cardiac catheterization
intervention, demonstrated a better outcome prior to
elective treatment for abdominal aortic aneurysm.

During treatment of thoracic aneurysm repair the in-
cidence of paraplegia is 6—10%. Left vocal cord paralysis
is recognized if the laryngeal nerve has been compro-
mised by the procedure. Multiple organ failure is incident
in death, with respiratory failure being among the most
common. If the aneurysm is above or involves the renal
arteries, renal failure can occur in 4-9% of patients.

Treatment of the ascending aorta and aortic arch re-
pair carry many of the risks associated with cardiopul-
monary bypass, including hemostatic difficulties, left ven-
tricle dysfunction, or myocardial (heart muscle) dysfunc-
tion. Irreversible brain damage is also an additional risk.

Cardiac function can be compromised in all patients
with thoracic or abdominal aortic aneurysms. Hemor-
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KEY TERMS

Abdominal aneurysm—Aneurysm that involves
the descending aorta from the diaphragm to the
point at which it separates into two iliac arteries.

Hemostatic—Relating to blood clotting and coag-
ulation.

Medionecrosis—Death of the middle layer of tis-
sues of the vessel.

Rupture—Severing of the aorta allowing blood to
spill out into the body instead of being carried by
the blood vessels.

Systemic circulation—Blood vessels not involved
in carrying blood to and from the lungs between
the right and left sides of the heart.

Thoracic aneurysm—Aneurysm that involves the
ascending, arch, or descending thoracic aorta
using the diaphragm as a landmark for transition
to abdominal aorta.

rhage is of frequent concern and is more of a risk as the
number of suture lines increases. Forty to seventy per-
cent of all deaths can be contributed to cardiac malfunc-
tion and blood loss.

Alternatives

Endovascular graft placement is being used as a
suitable option to the open surgical procedure. The en-
dovascular graft can be placed using minimally invasive
techniques that reduce or eliminate the stay in the inten-
sive care unit. Light sedation and epidural anesthetic are
often adequate.

Resources
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eds. A Practical Approach to Cardiac Anesthesia. 3rd Edi-
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Future.” Ann Thorac Surg 67 (1999):1959-62.
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Aortic stenting see Endovascular stent
surgery

Aortic valve replacement
Definition

Aortic valve replacement is the insertion of a me-
chanical or tissue valve in place of the diseased native
aortic valve.

Purpose

Aortic valve replacement is necessary when the aor-
tic valve has become diseased. The aortic valve can suf-
fer from insufficiency (inability to perform adequately)
or stenosis. An insufficient valve is leaky and allows
blood flow retrograde from the aorta to the left ventricle
during diastole. A stenotic valve prevents the flow of
blood antegrade from the left ventricle to the aorta, dur-
ing systole.

Either situation can result in heart failure and an en-
larged left ventricle. With aortic stenosis (narrowing),
angina pectoris, fainting, and congestive heart failure
will develop with the severity of the narrowing. There is
an increased rate of sudden death of patients with aortic
stenosis. Dyspnea (labored breathing), fatigue, and pal-
pitations are late symptoms of aortic insufficiency. Angi-
na pectoris is associated with the latest stages of aortic
insufficiency.

Demographics

Congenital birth defects involving a bicuspid aortic
valve can develop stenosis. These patients may become
symptomatic in mid-teen years through age 65. Patients
with a history rheumatic fever have a disposition for aor-
tic stenosis, but may live symptom free for more then
four decades. Calcification of the aortic valve tends to
effect an older population with 30% of patients over age
85 having stenosis at autopsy.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Hospitals with cardiac surgery services provide
aortic valve replacement. Specialization is re-
quired for young adults and pediatric patients.
Cardiovascular and cardiac surgeons are
trained to provide this treatment and the initial
follow-up care. These surgeons are trained in
their cardiac surgical residency to evaluate and
perform these procedures and to care for the
patient during the post-operative period.

Patients with aortic stenosis who have angina, dys-
pnea, or fainting are candidates for aortic valve re-
placement. Asymptomatic patients undergoing coro-
nary artery bypass grafting should be treated with aor-
tic valve replacement, but otherwise are not candidates
for preventive aortic valve replacement.

Patients with a history of rheumatic fever or
syphilitic aortitis (inflammation of the aorta) face the
possibility of developing aortic insufficiency. Successful
treatment has decreased this causative relationship. Pri-
mary causes of aortic disease commonly include bacteri-
al endocarditis, trauma, aortic dissection, and congenital
diseases.

Patients showing acute symptoms, including pul-
monary edema, heart rhythm problems, or circulatory
collapse, are candidates for aortic valve replacement.
Chronic pathologies are recommended for surgery when
patients appear symptomatic, demonstrating angina and
dyspnea. Asymptomatic patients must be monitored for
heart dysfunction. Left ventricular dimensions greater
then 2 in (50 mm) at diastole or 3 in (70 mm) at systole
are indications for replacement when aortic insufficiency
is diagnosed.

Description

While receiving general anesthesia in preparation
for the surgery, the patient’s cardiac function will be
monitored. A sternotomy (incision in the sternum) or
thoracotomy may be used to expose the heart, with the
thoracotomy providing a smaller incision through the
ribs. Anticoagulant is administered in preparation for
cardiopulmonary bypass. Cardiopulmonary bypass is in-
stituted by exposing and cannulating (putting tubes in)
the great blood vessels of the heart, or by cannulating the
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The heart is accessed through a chest incision (A). The patient’s heart function is replaced by the heart-lung machine. The
aorta is cut open to reveal a diseased aortic valve (B), which is then removed. A valve sizer is placed in the opening to deter-
mine the size of prosthesis needed (C). A prosthetic valve is sutured in place (D and E). (/llustration by Argosy.)

femoral artery and vein. A combination of cannulation
sites may also be used. The heart is stopped after the
aorta is clamped. The aortic root is opened and the dis-
eased valve is removed. Sutures are placed in the aortic
rim and into the replacement valve. The replacement
valve can be either mechanical or biological tissue. The
replacement valve will be sized prior to implant to en-
sure that it fits the patient based on the size of the aortic
valve annulus. Once seated, the valve is secured by tying
the individual sutures. The heart is then deaired. The
cross clamp is removed and the heart is allowed to beat
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as deairing continues by manipulation of the left ventri-
cle. Cardiopulmonary bypass is terminated, the tubes are
removed and drugs to reverse anticoagulation are admin-
istered.

A heart valve is an orifice that blood passes through
in systole, and it is also an occluding (blocking) mecha-
nism necessary to prevent the flow of blood during dias-
tole. Heart valves can be mechanical or biological tissue
valves. For patients younger then 65 years of age, the
mechanical valve offers superior longevity. Anticoagula-
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QUESTIONS TO ASK
THE DOCTOR

* What type of valve is best suited for me?

e What are the pros and cons associated with
each type of valve for a person with my dis-
ease and/or associated diseases?

e Why am | a candidate for valve replacement?

e Are there any other more suitable alternative
procedures?

e If | am a female interested in having children,
or currently pregnant are there additional op-
tions?

* How often has the surgeon performed this
procedure and what are the morbidity/mortal-
ity statistics for this surgeon and institution?

e If | have an associated disease or complicat-
ed scenario does the surgeon have experi-
ence with follow-up care?

tion is required for the life of the patient implanted with
a mechanical valve. The biological tissue valve does not
require anticoagulation but suffers from deterioration,
leading to reoperation particularly in those under age
50. Women considering bearing children should be treat-
ed with biological tissue valves as the anticoagulant of
choice with mechanical valves, warfarin, is associated
with teterogenic effects in the fetus. Aspirin can be sub-
stituted in certain circumstances.

Diagnosis/Preparation

Initial diagnosis by auscultation (listening) is done
with a stethoscope. Additional procedures associated
with diagnosis to judge severity of the lesion include
chest x ray, echocardiography, and angiography with
cardiac catheterization. In the absence of angiography,
magnetic resonance imaging (MRI) or computed tomo-
graphic (CT) imaging may be used.

Aftercare

The patient will have continuous cardiac monitor-
ing performed in the intensive care unit (ICU) postop-
eratively. Medications or mechanical circulatory assist
may be instituted during the surgery or postoperatively
to help the heart provide the necessary cardiac output to
sustain the pulmonary and systemic circulations. These
will be discontinued as cardiac function improves. As
the patient is able to breathe without assistance, ventila-
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tory support will be discontinued. Drainage tubes allow
blood to be collected from the chest cavity during heal-
ing and are removed as blood flow decreases. Prophy-
laxis antibiotics are given. Anticoagulation (warfarin,
aspirin, or a combination) therapy is instituted and con-
tinued for patients who have received a mechanical
valve. The ICU stay is approximately three days with a
final hospital discharge occurring within a week after
the procedure.

The patient receive wound care instructions prior to
leaving the hospital. The instructions include how to rec-
ognize such adverse conditions as infection or valve mal-
function, contact information for the surgeon, and guide-
lines on when to return to the emergency room.

Risks

There are unassociated risks with general anesthetic
and cardiopulmonary bypass. Risks associated with aor-
tic valve replacement include embolism, bleeding, and
operative valvular endocarditis. Hemolysis is associated
with certain types of mechanical valves, but is not a con-
traindication for implantation.

Normal results

Myocardial function typically improves rapidly,
with decrease in left ventricle enlargement and dilation
over several months, allowing the heart to return to nor-
mal dimensions. Anticoagulation therapy will be con-
tinued to elevate the INR to between 2.0 and 4.5, de-
pending on the type of mechanical valve implanted. Im-
plantation of biological tissue valves with maintenance
of an INR of 2.0-3.0 for the initial three months post
implant are associated with blood clot complications. If
non-cardiac surgery or dental care is needed the an-
tithrombotic therapy will be adjusted to prevent bleed-
ing complications.

Morbidity and mortality rates

There is a 3—5% hospital mortality associated with
aortic valve replacement. There is an average survival
rate of five years in 85% of patients suffering from aortic
stenosis that undergo aortic valve replacement. Structur-
al valve deterioration can occur and is higher in mechan-
ical valves during the first five years; however, biological
tissue and mechanical valves have the same failure inci-
dence at 10 years, with a 60% probability of death at 11
years as a result of a valve-related complications. Pa-
tients with a mechanical valve are more likely to experi-
ence bleeding complications. Reoperation is more likely
for patients treated with a biological tissue valve, but not
significantly different when compared to their mechani-
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KEY TERMS

Antithrombic—Preventing clot formation.

Biological tissue valve—An autograft is a valve that
comes from the patient. Homograft (or allograft)
valve that is harvested from a human cadaver.

Diastole—Period between contractions of te heart.

Hemolysis—Separation of hemoglobin from the
red blood cells.

Mechanical valve—There are three types of me-
chanical valves: ball valve, disk valve, and bileaflet
valve.

Systole—Contraction of the heart.

cal valve counterparts. This combines to an average rate
of significant complications of 2-3% per year, with
death rate of approximately 1% per year associated di-
rectly with the prosthesis.

Alternatives

Balloon valvotomy may provide short term relief of
aortic stenosis, but is considered palliative until valve re-
placement can be accomplished. Aortic valve repair by
direct commisurotimy may also be successful for some
cases of aortic stenosis. Medical treatment for inoperable
patients with severe aortic stenosis is used to relive pul-
monary congestion and prevent atrial fibrillation.

Severe aortic insufficiency can be treated with med-
ical therapy. Pharmaceuticals to decrease blood pressure,
with diuretics and vasodilators, are helpful in patients
with aortic insufficiency.

Resources

BOOKS

Hensley, Frederick A., Donald E. Martin, and Glenn P.
Gravlee, eds. A Practical Approach to Cardiac Anesthe-
sia. 3rd Edition. Philadelphia: Lippincott Williams &
Wilkins Philadelphia, 2003.

PERIODICALS

Bonow R, et al. “ACC/AHA Guidelines for the Management of
Patients with Valvular Heart Disease.” JACC 32 (Novem-
ber 1998): 1486-588.

Allison Joan Spiwak, MSBME

Aortofemoral bypass see Peripheral
vascular bypass surgery
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Apheres see Transfusion
Apicoectomy see Root canal treatment

Appendectomy
Definition

Appendectomy is the surgical removal of the appen-
dix. The appendix is a worm-shaped hollow pouch at-
tached to the cecum, the beginning of the large intestine.

Purpose

Appendectomies are performed to treat appendicitis,
an inflamed and infected appendix.

Description

After the patient is anesthetized, the surgeon can re-
move the appendix either by using the traditional open
procedure (in which a 2-3 in [5-7.6 cm] incision is made
in the abdomen) or via laparoscopy (in which four 1-in
[2.5-cm] incisions are made in the abdomen).

Traditional open appendectomy

When the surgeon uses the open approach, he makes
an incision in the lower right section of the abdomen.
Most incisions are less than 3 in (7.6 cm) in length. The
surgeon then identifies all of the organs in the abdomen
and examines them for other disease or abnormalities. The
appendix is located and brought up into the wounds. The
surgeon separates the appendix from all the surrounding
tissue and its attachment to the cecum, and then removes
it. The site where the appendix was previously attached,
the cecum, is closed and returned to the abdomen. The
muscle layers and then the skin are sewn together.

Laparoscopic appendectomy

When the surgeon performs a laparoscopic appen-
dectomy, four incisions, each about 1 in (2.5 cm) in
length, are made. One incision is near the umbilicus, or
navel, and one is between the umbilicus and the pubis.
Two other incisions are smaller and are on the right side
of the lower abdomen. The surgeon then passes a camera
and special instruments through these incisions. With the
aid of this equipment, the surgeon visually examines the
abdominal organs and identifies the appendix. The ap-
pendix is then freed from all of its attachments and re-
moved. The place where the appendix was formerly at-
tached, the cecum, is stitched. The appendix is removed
through one of the incisions. The instruments are re-
moved and then all of the incisions are closed.
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To remove a diseased appendix, an incision is made in the patient’s lower abdomen (A). Layers of muscle and tissue are cut,
and large intestine, or colon, is visualized (B). The appendix is located (C), tied, and removed (D). The muscle and tissue lay-

ers are stitched (E). (/llustration by GGS Inc.)

Studies and opinions about the relative advantages
and disadvantages of each method are divided. A skilled
surgeon can perform either one of these procedures in
less than one hour. However, laparoscopic appendectomy
(LA) always takes longer than traditional appendectomy
(TA). The increased time required to do a LA the greater
the patient’s exposure to anesthetics, which increases the
risk of complications. The increased time requirement
also increases the fees charged by the hospital for operat-
ing room time and by the anesthesiologist. Since LA also
requires specialized equipment, the fees for its use also
increase the hospital charges. Patients with either opera-
tion have similar pain medication needs, begin eating
diets at comparable times, and stay in the hospital equiva-
lent amounts of time. LA is of special benefit in women
in whom the diagnosis is difficult and gynecological dis-
ease (such as endometriosis, pelvic inflammatory disease,
ruptured ovarian follicles, ruptured ovarian cysts, and
tubal pregnancies) may be the source of pain and not ap-
pendicitis. If LA is done in these patients, the pelvic or-
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gans can be more thoroughly examined and a definitive
diagnosis made prior to removal of the appendix. Most
surgeons select either TA or LA based on the individual
needs and circumstances of the patient.

Insurance plans do cover the costs of appendectomy.
Fees are charged independently by the hospital and the
physicians. Hospital charges include fees for operating
and recovery room use, diagnostic and laboratory test-
ing, as well as the normal hospital room charges. Surgi-
cal fees vary from region to region and range between
$250-750. The anesthesiologist’s fee depends on the
health of the patient and the length of the operation.

Preparation

Once the diagnosis of appendicitis is made and the
decision has been made to perform an appendectomy, the
patient undergoes the standard preparation for an opera-
tion. This usually takes only one to two hours and in-
cludes signing the operative consents, patient identifica-
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tion procedures, evaluation by the anesthesiologist, and
moving the patient to the operating area of the hospital.
Occasionally, if the patient has been ill for a prolonged
period of time or has had protracted vomiting, a delay of
few to several hours may be necessary to give the patient
fluids and antibiotics.

Aftercare

Recovery from an appendectomy is similar to other
operations. Patients are allowed to eat when the stomach
and intestines begin to function again. Usually the first
meal is a clear liquid diet—broth, juice, soda pop, and
gelatin. If patients tolerate this meal, the next meal usu-
ally is a regular diet. Patients are asked to walk and re-
sume their normal physical activities as soon as possible.
If TA was done, work and physical education classes
may be restricted for a full three weeks after the opera-
tion. If a LA was done, most patients are able to return to
work and strenuous activity within one to three weeks
after the operation.

Risks

Certain risks are present when any operation is per-
formed under general anesthesia and the abdominal cavi-
ty is opened. Pneumonia and collapse of the small air-
ways (atelectasis) often occurs. Patients who smoke are
at a greater risk for developing these complications.
Thrombophlebitis, or inflammation of the veins, is rare
but can occur if the patient requires prolonged bed rest.
Bleeding can occur but rarely is a blood transfusion re-
quired. Adhesions (abnormal connections to abdominal
organs by thin fibrous tissue) are a known complication
of any abdominal surgery such as appendectomy. These
adhesions can lead to intestinal obstruction that prevents
the normal flow of intestinal contents. Hernia is a com-
plication of any incision. However, they are rarely seen
after appendectomy because the abdominal wall is very
strong in the area of the standard appendectomy incision.

The overall complication rate of appendectomy de-
pends upon the status of the appendix at the time it is re-
moved. If the appendix has not ruptured, the complica-
tion rate is only about 3%. However, if the appendix has
ruptured, the complication rate rises to almost 59%.
Wound infections do occur and are more common if the
appendicitis was severe, far advanced, or ruptured. An
abscess may also form in the abdomen as a complication
of appendicitis.

Occasionally, an appendix will rupture prior to its
removal, spilling its contents into the abdominal cavity.
Peritonitis or a generalized infection in the abdomen will
occur. Treatment of peritonitis as a result of a ruptured
appendix includes removal of what remains of the ap-
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

An appendectomy is performed by a fully
trained surgeon who, after medical school, has
gone through years of training in an accredited
residency program to learn the specialized skills
of a surgeon. A sign of a surgeon’s competence
is certification by a national surgical board ap-
proved by the American Board of Medical Spe-
cialties (ABMS). All board-certified surgeons
have completed an approved training program
and have passed a rigorous specialty examina-
tion. The letters F.A.C.S. (Fellow of the American
College of Surgeons) after a surgeon’s name are
a further indication of a surgeon’s qualifications.

Appendectomy is considered a major surgi-
cal operation. Therefore, the surgeon must per-
form this operation in the operating room of a
hospital. An anesthesiologist is also present dur-
ing the operation to administer an anesthetic.

pendix, insertion of drains (rubber tubes that promote the
flow of infection inside the abdomen to outside of the
body), and antibiotics. Fistula formation (an abnormal
connection between the cecum and the skin) rarely oc-
curs. It is only seen if the appendix has a broad attach-
ment to the cecum and the appendicitis is far advanced,
causing destruction of the cecum itself.

The complications associated with undiagnosed,
misdiagnosised, or delayed diagnosis of appendicitis are
very significant. This has led surgeons to perform an ap-
pendectomy any time that they feel appendicitis is the di-
agnosis. Most surgeons feel that in approximately 20% of
their patients, a normal appendix will be removed. Rates
much lower than this would seem to indicate that the di-
agnosis of appendicitis was being frequently missed.

Normal results

Most patients feel better immediately after an opera-
tion for appendicitis. Many patients are discharged from
the hospital within 24 hours after the appendectomy.
Others may require a longer stay, from three to five days.
Almost all patients are back to their normal activities
within three weeks.

Morbidity and mortality rates

The mortality rate of appendicitis has dramatically
decreased over time. Currently, the mortality rate is esti-

109

Awojoapuaddy



Appendectomy

QUESTIONS TO ASK
THE DOCTOR

* What are the possible risks involved with this
surgery?

e What are the expected results after having a
laparoscopic appendectomy versus having an
open abdominal appendectomy?

¢ Will | have a scar?

* Which procedure will you use to perform the
appendectomy?

* Must | do anything special after the opera-
tion?

¢ How long does it take to recover?

* How many appendectomies do you perform
each year?

mated at one to two per 1,000,000 cases of appendicitis.
Death is usually due to peritonitis, intra abdominal ab-
scess, or severe infection following rupture.

Alternatives

Appendectomies are usually carried out on an emer-
gency basis to treat appendicitis. There are no alterna-
tives, due to the serious consequence of not removing the
inflamed appendix, which is a ruptured appendix and
peritonitis, a life-threatening emergency.

See also Laparoscopy.
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KEY TERMS

Abscess—A collection of pus buried deep in the
tissues or in a body cavity.

Anesthesia—A combination of drugs administered
by a variety of techniques by trained professionals
that provide sedation, amnesia, analgesia, and im-
mobility adequate for the accomplishment of the
surgical procedure with minimal discomfort to the
patient.

Anesthesiologist—A physician who has special
training and expertise in anesthesia techniques.

Anesthetics—Drugs used to make a body area
free of sensation or pain.

Cecum—The beginning of the large intestine and
the place where the appendix attaches to the in-
testinal tract.

General surgeon—A physician who has special
training and expertise in performing a variety of
operations.

Pelvic organs—The organs inside of the body that
are located within the confines of the pelvis. This
includes the bladder and rectum in both sexes and
the uterus, ovaries, and fallopian tubes in females.
Pubis—The anterior portion of the pelvis located
in the anterior abdomen.
Thrombophlebitis—Inflammation of the veins,
usually in the legs, which causes swelling and ten-
derness in the affected area.

Umbilicus—The navel.

Long, K. H., M. P. Bannon, S. P. Zietlow, E. R. Helgeson, et al.
“A prospective randomized comparison of laparoscopic
appendectomy with open appendectomy: Clinical and
economic analyses.” Pathology Case Reviews 129 (April,
2001): 390-400.

Selby, W. S., S. Griffin, N. Abraham, and M. J. Solomon. “Ap-
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American College of Surgeons. 633 N. Saint Clair St., Chica-
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OTHER
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health.org>.
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Appendix removal see Appendectomy

Arterial anastomasis see Arteriovenous
fistula

Arteriography see Angiography

Arteriovenous fistula
Definition

An arteriovenous fistula (AV fistula) is the connec-
tion of a vein and an artery, usually in the forearm, to
allow access to the vascular system for hemodialysis, a
procedure that performs the functions of the kidneys in
people whose kidneys have failed. Connecting the vein
and artery is a surgical procedure. The fistula develops
over a period of months after the surgery.

Purpose

The surgical creation of an AV fistula provides a
long-lasting site through which blood can be removed
and returned during hemodialysis. The fistula, which
allows the person to be connected to a dialysis ma-
chine, must be prepared by a surgeon weeks or months
before dialysis is started. When the vein and artery are
joined, the vein gradually becomes larger and stronger,
creating the fistula that provides vascular access years
longer than other types of access and with fewer com-
plications.

Sometimes dialysis is only needed temporarily, but
some people need it for the rest of their lives or until a
kidney is available for a transplant. When kidney failure
is diagnosed, time is needed to prepare the patient’s body
with either an AV fistula or implantable devices that will
connect the person to the dialysis machine.

Demographics

At any one time, the number of patients in the Unit-
ed States with kidney failure is approximately two mil-
lion and rising. According to the National Kidney Foun-
dation, by the year 2008, three million people will be ex-
pected to have what is known as end-stage renal (kidney)
disease. These people can be of any age, from any back-
ground. They are typically suffering from another condi-
tion or disease that has led to kidney shutdown, and most
will require dialysis. Among dialysis patients, over half
will have an AV fistula as vascular access.
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Description

Many advances in the treatment of kidney failure
have been seen since the first attempts at dialysis treat-
ments were made in the 1920s. At one time dialysis was
only thought of as a way to keep people alive until kid-
ney function could be restored. Often the treatment for
kidney failure had to be discontinued within several days
because patients’ veins could not endure the trauma of
frequent withdrawing and replacing blood. The first
breakthrough came in 1960 with the introduction of an
implantable Teflon tube, called a shunt, that was the first
effective vascular access device. Since then, the develop-
ment of the AV fistula has marked another important ad-
vance, allowing effective treatment for longer periods of
time. The goal of researchers and medical institutions is
to continue to improve treatment and improve the length
and quality of life for people with chronic kidney failure.

The kidneys are two organs in the mid-abdomen,
one on each side of the middle back. Their function is to
clean the blood of wastes and regulate fluid and chemi-
cal balance in the body. Dialysis performs these func-
tions in place of the failing kidneys. Dialysis cannot re-
store the kidneys, but it can prolong life, often for years,
by preventing the build-up of waste products in the body.
Acute kidney failure can happen in many conditions and
diseases that place an extra burden on the renal system,
such as in advanced kidney and liver diseases; in rapidly
progressing terminal illnesses, such as cancer and certain
severe anemias; after severe allergic reactions or reac-
tions to drugs or medications; in diseases that involve the
vascular system, such as heart and lung diseases or the
formation of blood clots (embolism); and often follow-
ing heart bypass surgery. Diabetes and vascular diseases,
especially those with hypertension (high blood pressure),
are the two most common underlying diseases contribut-
ing to chronic kidney failure.

Hemodialysis

Dialysis is performed as critical life support when
someone suffers acute or chronic kidney failure. It is a
mechanical way to cleanse the blood and balance body
fluids and chemicals when the kidneys are not able to
perform these essential functions. Because kidney func-
tion can be reversible in some cases, dialysis can provide
temporary support until renal function is restored. Dialy-
sis may also be used in irreversible or chronic kidney
shutdown when transplantation is the medical goal and
the patient is waiting for donated kidneys. Some critical-
ly ill patients, with life-threatening illnesses, such as
cancer or severe heart disease, are not candidates for
transplantation and dialysis may be the only option for
treating what is called end-stage renal disease (ESRD).
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Arteriovenous fistula

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

The surgery to create an arteriovenous fistula
for vascular access in hemodialysis is per-
formed by a general surgeon or vascular sur-
geon in a hospital or one-day surgery center. It
requires only local anesthesia and can be per-
formed as an outpatient procedure.

There are two types of dialysis, hemodialysis and
peritoneal dialysis. In hemodialysis, the blood circulates
through a machine outside the body and is filtered as it
circulates. In peritoneal dialysis, the blood is filtered
through a membrane that has been placed in the ab-
domen. Blood remains in the body and waste material is
filtered into an exchange fluid through an opening in the
abdomen called a port. Only hemodialysis requires an
AV fistula or other vascular access.

Hemodialysis circulates blood through a dialysis
machine that contains a filter membrane. The blood is
slowly pumped out of the body and into the machine for
filtering. After being filtered, the blood is returned to the
body through the same vascular access. About one cup of
blood is outside the body at any given moment during
the continuous circulation process.

Hemodialysis is usually done three times a week, tak-
ing between three and five hours each time. Healthcare
professionals perform the procedure either at independent
dialysis centers or in hospitals or medical centers. Dialysis
patients must go to the hemodialysis center where they will
sit to receive the treatment. Although they cannot walk
around, they can watch television, read, or talk to other pa-
tients. The dialysis center offers patient education, includ-
ing videos and brochures that describe treatment options
and self-care. Patients can also be given advice and infor-
mation about paying for this ongoing treatment through
nationally sponsored programs that are available especially
for dialysis patients. Often the dialysis center offers emo-
tional support as well, letting people meet and talk with
other people who have kidney problems. Some people pre-
fer to perform their own dialysis by having a home dialysis
machine. This requires that the dialysis patient and another
person, usually a family member, take a three- to six-week
training program to learn how to do the treatment.

Vascular access

An access or entry to the vascular system is needed
to perform the blood-cleansing role of the kidneys
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through hemodialysis. There are three types of vascular
access: arteriovenous fistula, grafts, and catheters.

ARTERIOVENOUS FISTULA. An AV fistula has
proven to be the best kind of vascular access for people
whose veins are large enough, not only because it lasts
longer but it is also less likely than other types of access
to form clots or become infected. If the veins are not
large enough, or there is no time to wait for a fistula to
develop, a graft or a catheter must be used.

GRAFT. Grafts are often the access of choice when a
hemodialysis patient has small veins that will not likely
develop properly into a fistula. This type of access uses a
synthetic tube implanted under the skin of the arm that
can be used repeatedly for needle placement. Unlike a fis-
tula, which requires time to develop, a graft can be used
as soon as two to three weeks after placement. Grafts are
known to have more problems than fistulas, such as clots
and infection, and will likely need replacement sooner.

CATHETER. A catheter may be used to provide tem-
porary vascular access. When kidney disease has pro-
gressed quickly, there may not be time to prepare perma-
nent vascular access before dialysis treatments are start-
ed. The catheter is a tube that is inserted into a vein in
the neck, chest, or in the leg near the groin. Two cham-
bers in the tube allow blood to flow in and out. Once the
catheter is in place, needle insertion is not necessary.
Catheters are effective for dialysis for several weeks or
months while surgery is performed and an AV fistula de-
velops. They are not selected for permanent access be-
cause they can clog, become infected, or can cause the
veins to narrow. Long-term catheter access must be used
in patients for whom fistula or graft surgery has not been
successful. If more than three weeks’ use is expected,
catheters can be made to tunnel under the skin, which in-
creases comfort and reduces complications

Diagnosis/Preparation
Diagnosis

The diagnosis of kidney disease and its progression
to kidney failure is typically made by a nephrologist, a
specialist in kidney structure and function. The nephrolo-
gist will determine whether the patient has acute or
chronic kidney failure and if dialysis is appropriate for
the patient. If dialysis is recommended, the nephrologist
will determine if an AV fistula is the ideal vascular access
for the patient. To make these determinations, the
nephrologist will need to be aware of the patient’s general
condition, especially the presence of any underlying dis-
ease. Kidney function must be evaluated and determined
to be seriously impaired before dialysis is recommended.
It is typically started when kidney function is down to
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about 10% of its normal level. Among other tests that will
be performed, such as urinalysis with microscopic exam-
ination of the urine, several blood and urine tests can be
used to measure a person’s kidney function when chronic
or acute kidney failure is suspected. Some of the tests
measure chemicals produced by the body that are normal-
ly excreted (passed in urine) by the kidneys; the tests can
measure how much is passing through, and how much re-
mains in the blood, and then determine how well the kid-
neys are functioning compared to normal. These tests in-
clude, but are not limited to:

* Serum creatinine, found in higher levels in the blood if
kidneys fail.

« Urinary creatinine, lower in kidney failure.

* Urinary output, measuring both fluid intake and all
urine produced.

« Urinary osmolality, measuring the concentration of the
urine, an indicator of kidney filtering ability.

* Blood urea nitrogen (BUN), harmful nitrogen waste that
increases in the blood as kidney function decreases.

« Electrolytes in blood and urine, minerals that result
from the breakdown of salts (sodium, potassium, mag-
nesium, and chloride), often out of balance when kid-
neys fail. Potassium, for example, increases in the blood
during kidney failure and can cause heart irregularities.

Description

Surgery to create an arteriovenous fistula is usually
conducted using a local anesthetic, injected at the site of
the proposed fistula. The procedure is performed in a
hospital or one-day surgery center and can usually be
performed on an outpatient basis if the patient is not al-
ready hospitalized. After cleaning and sterilizing the site,
the surgeon will make a small incision in the forearm
sufficient to allow the permanent joining together of a
vein and an artery in the arm. The blood vessels will be
appropriately blocked to stop blood flow for the proce-
dure and incisions will be made to join them. Silk su-
tures, just as those used in other types of surgical inci-
sions, will be used to close incised areas as needed after
the vein and artery have been joined. Once joined, blood
flow will increase, the vein will become thicker, and over
a period of months the connection will become strong
and develop into the fistula that will allow permanent
vascular access.

Aftercare

The hemodialysis patient should expect needle in-
sertion in the AV fistula at every dialysis session. Pa-
tients who prefer to insert their own needles or who per-
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QUESTIONS TO ASK
THE DOCTOR

e Why are you recommending an AV fistula in-
stead of another kind of access?

e How will an AV fistula make dialysis easier
or better for me?

* How often do you perform this procedure?

e What will the fistula look like? Feel like?

e Should I treat my fistula arm in any special
way?

* Are there activities | should avoid?

* How long will the AV fistula last?

form dialysis at home will need training, and all patients
will have to learn how to avoid infection and to protect
vascular access. Because vascular access problems can
lead to treatment failure, the AV fistula requires regular
care to make dialysis easier and to help avoid clots, in-
fection, and other complications. Patients can help pro-
tect the access by:

» Making sure the access is checked before each treat-
ment.

* Not allowing blood pressure to be taken on the access
arm.

* Checking the pulse in the access every day.
* Keeping the access clean at all times.

« Using the access site only for dialysis.

* Being careful not to bump or cut the access.

» Not wearing tight jewelry or clothing near or over the
access site.

« Not lifting heavy objects or putting pressure on the ac-
cess arm.

« Sleeping with the access arm free, not under the head
or body.

Risks

The most frequent complications in hemodialysis
relate to the vascular access site where needles are in-
serted. This can include infection around the access area
or the formation of clots in the fistula. Usually, because
they are in the fistula itself and do not travel to other
parts of the body, these clots are not life-threatening. The
greatest danger is that clots may block the fistula and
would have to be removed surgically. Frequent clotting
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Arteriovenous fistula

may require creating a back-up fistula at another site, to
allow dialysis when one access is blocked.

There are other complications from dialysis that are
not directly related to the vascular access. For example,
when the kidneys have shut down, they produce very lit-
tle urine. Because dialysis is the only way people with
kidney failure can balance fluid levels in their bodies,
hemodialysis can cause bloating and fluid overload, indi-
cating that too much fluid remains in the body. If fluid
overload occurs, the patient will have swollen ankles,
puffy eyes, weight gain, and shortness of breath. Fluid
overload can cause heart and circulatory problems and
fluctuations in blood pressure. Medications may be pre-
scribed and changes in fluid intake or diet may be made
to help balance fluids safely in conjunction with dialysis.

Other problems that can occur during or after he-
modialysis include:

* Low blood pressure, if fluid and wastes are removed
from the blood too quickly.

* Nausea, because of changes in blood pressure.

* Muscle cramps from the removal of too much fluid
from the blood.

» Headaches near the end of a dialysis session, due to

changes in the concentration of fluid and waste in the
blood.

« Fatigue after treatment, lasting sometimes into the next
day.

Normal results

An AV fistula can usually be created and can func-
tion well with no adverse affects in a person whose veins
are large enough. The amount of time, usually a matter
of months, it takes to develop the fistula after surgery
will depend upon the size and strength of the patient’s
blood vessels and on the person’s general condition and
nutritional status. When the fistula develops, the thick-
ened vein that has been joined to an artery can be seen in
the arm and a pulse can be felt. The early development of
an AV fistula as access for long-term dialysis has been
shown to improve the survival of patients with chronic
renal failure, and reduce the chances of being hospital-
ized with complications. It also gives them a better op-
portunity to choose self-dialysis as their treatment.

With good nutrition and a fully functioning AV fis-
tula, dialysis patients can be relatively comfortable and
free of complications. People may become tired and un-
comfortable when it is nearly time for their next dialysis
session. This is to be expected because wastes are build-
ing up in the blood, and the body senses that it is time to
remove them.
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KEY TERMS

Access—The point where a needle or catheter is
inserted for dialysis.

Acute renal (kidney) failure—The sudden loss of
kidney function, possibly temporary.

Artery—Blood vessel that carries blood away from
the heart to the body.

Chronic renal (kidney) failure—Progressive loss of
kidney function over several years, which can re-
sult in permanent kidney failure requiring dialysis.

Hypertension—High blood pressure caused by
too much fluid in blood vessels or narrowing of
blood vessels.

Morbidity and mortality rates

The earlier use of dialysis, especially with AV fistula
access, has been shown to increase survival in patients
with renal failure. The AV fistula is designed to improve
the effectiveness of dialysis and is reported to present
fewer risks and complications than other vascular access,
such as reduced incidence of clotting and infection, and
longer use overall.

Kidney failure is reported to account for 1% of hos-
pital admissions in the United States. It occurs in 2-5%
of patients hospitalized for other conditions, surgeries, or
diseases. In patients undergoing cardiac bypass surgery,
15% are reported to require dialysis for kidney failure.
Overall deaths in people undergoing dialysis are reported
to be 50% because of the multi-organ dysfunction that
has influenced kidney failure.

Resources

ORGANIZATIONS

National Kidney Foundation, Inc. 30 East 33rd Street, New
York, NY 10016. (800)622-9010. <www.kidney.org>.

National Kidney and Urologic Diseases Information Clearing-
house. 31 Center Drive, MSC 2560 Building 31, Room
9A-04, Bethesda, MD 20892-2560. (800)891-5390.
<www.niddk.nih.gov>.

OTHER

Getting the Most From Your Treatment: What You Need To
Know About Hemodialysis Access. Booklet. New York:
National Kidney Foundation, Inc. (800)622-9010. <www.
kidney.org>.

NIDDK Kidney Failure Series. Booklet. Bethesda, MD: Na-
tional Kidney and Urologic Diseases Information Clear-
inghouse. Email: nkudic@info.niddk.nih.gov.
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Vascular Access to Hemodialysis. National Kidney and Urolog-
ic Diseases Information Clearinghouse, Home Health In-
formation. December 1999. <www.niddk.nih.gov>.

L. Lee Culvert

Arthrography
Definition

Arthrograpy is a procedure involving multiple x rays of
a joint using a fluoroscope, a special piece of x-ray equip-
ment that shows an immediate x-ray image. A contrast
medium (in this case, a contrast iodine solution) injected
into the joint area helps highlight structures of the joint.

Purpose

Frequently, arthrography is ordered to determine the
cause of unexplained joint pain. This fluoroscopic proce-
dure can show the internal workings of specific joints
and outline soft tissue structures. The procedure may
also be conducted to identify problems with the liga-
ments, cartilage, tendons, or the joint capsule of the hip,
shoulder, knee, ankle, wrist, or other joints. An arthrog-
raphy procedure may locate cysts in the joint area, evalu-
ate problems with the joint’s arrangement and function,
indicate the need for joint replacement, or show prob-
lems with existing joint replacement (prostheses). The
most commonly studied joints are the knee and shoulder.

Description

Arthrograpy may be referred to as “joint radiogra-
phy” or “x rays of the joint.” The term arthrogram may be
used interchangeably with arthrography. The joint area
will be cleaned and a local anesthetic will be injected into
the tissues around the joint to reduce pain. Next, if fluids
are present in the joint, the physician may suction them
out (aspirate) with a needle. These fluids may be sent to a
laboratory for further study. Contrast agents are then in-
jected into the joint through the same location by attach-
ing the aspirating needle to a syringe containing the con-
trast medium. The purpose of contrast agents in X-ray pro-
cedures is to help highlight details of areas under study by
making them opaque. Agents for arthrography are gener-
ally air- and water-soluble dyes, the most common con-
taining iodine. Air and iodine may be used together or in-
dependently. After the contrast agent is administered, the
site of injection will be sealed, and the patient may be
asked to bend and flex the joint to distribute the contrast.

Before the contrast medium can be absorbed by the
joint itself, several films will be quickly taken under the
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guidance of the fluoroscope. The patient will be asked to
move the joint into a series of positions, keeping still be-
tween positioning. Sometimes, the patient will experi-
ence some tingling or discomfort during the procedure,
which is normal and due to the contrast. Following fluo-
roscopic tracking of the contrast, standard x rays of the
area may also be taken. The entire procedure will last
about one hour.

Generally, a joint is evaluated first by MRI (mag-
netic resonance imaging) instead of an arthrogram, or
by MRI combined with the arthrogram. Gadolinium, an
MRI contrast agent, is injected if the arthrogram is per-
formed as part of an MRI procedure. If the arthrogram is
performed as part of a MRI arthrogram, the MRI scan
will then be obtained immediately afterward.

Preparation

It is important to discuss any known sensitivity to
local anesthetics or iodine prior to this procedure. A
physician should explain the procedure and the risks as-
sociated with contrast agents and ask the patient to sign
an informed consent. If iodine contrast will be adminis-
tered, the patient may be instructed not to eat before the
exam. The timeframe of fasting may range from only 90
minutes prior to the exam up to the night before. There is
no other preparation necessary.

Aftercare

The affected joint should be rested for approximate-
ly 12 hours following the procedure. The joint may be
wrapped in an elastic bandage, and the patient should re-
ceive instructions on the care and changing of the ban-
dage. Noises in the joint such as cracking or clicking are
normal for a few days following arthrography. These
noises are the result of liquid in the joints. Swelling may
also occur and can be treated with application of ice or
cold packs. A mild pain reliever can be used to lessen
pain in the first few days. However, if any of these symp-
toms persist for more than a few days, patients are ad-
vised to contact their physician.

Risks

In some patients iodine can cause allergic reactions,
ranging from mild nausea to severe cardiovascular or
nervous system complications. Since the contrast dye is
put into a joint, rather than into a vein, allergic reactions
are rare. Facilities licensed to perform contrast exams
should meet requirements for equipment, supplies, and
staff training to handle a possible severe reaction. Infec-
tion or joint damage are possible, although not frequent,
complications of arthrography.
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Arthroplasty

KEY TERMS

Aspirate—Remove fluids often

through a needle.

by suction,

Contrast (agent, medium)—A substance injected
into the body that outlines certain structures that
would otherwise be hard to see on the radiograph
(film).

Fluoroscope—A device used in some radiology
procedures that provides immediate images and
motion on a screen much like those seen at air-
port baggage security stations.

Radiologist—A medical doctor specially trained
in radiology (x ray) interpretation and its use in the
diagnosis of diseases and injuries.

X ray—A form of electromagnetic radiation with
shorter wavelengths than normal light. X rays can
penetrate most structures.

Normal results

A normal arthrography exam will show proper
placement of the dye or contrast medium throughout the
joint structures, joint space, cartilage, and ligaments.

Abnormal results

The abnormal placement of dye may indicate
rheumatoid arthritis, cysts, joint dislocation, tear of the
rotator cuff, tears in the ligament, and other conditions.
The entire lining of the joint becomes opaque from the
technique, which allows the radiologist to see abnormali-
ties in the intricate workings of the joint. In the case of
recurrent shoulder dislocations, arthrography results can
be used to evaluate damage. Patients with hip prostheses
may receive arthrography to evaluate proper placement
or function of their prostheses.

Resources

BOOKS

Juhl, John H., and Andrew B. Crummy. Paul and Juhl’s Essen-
tials of Radiologic Imaging. Philadelphia: J. B. Lippincott
Co., 1993.

ORGANIZATIONS

American College of Radiology. 1891 Preston White Drive,
Reston, VA 22091. (800) 227-5463. <http://www.acr.org>.

Arthritis Foundation. 1300 W. Peachtree St., Atlanta, GA
30309. (800) 283-7800. <http://www.arthritis.org>.

Teresa Norris, RN
Lee A. Shratter, MD
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Arthroplasty
Definition

Arthroplasty is surgery performed to relieve pain
and restore range of motion by realigning or reconstruct-
ing a dysfunctional joint.

Purpose

The goal of arthroplasty is to restore the function of a
stiffened synovial joint and relieve pain. As a surgical
procedure, it is usually performed when medical treat-
ment has not improved function in the affected joint.
There are two types of arthroplastic surgery: joint resec-
tion and interpositional reconstruction. Joint resection in-
volves removing a portion of the bone from a stiffened
joint, increasing the space between the bone and the
socket to improve the range of motion. Scar tissue even-
tually fills the gap, narrowing joint space again. Pain is
relieved and motion is restored, but the joint is less stable.

Interpositional reconstruction is surgery to reshape
the joint and add a prosthetic disk between the two bones
forming the joint. The prosthesis can be made of plastic,
metal, ceramic material, or formed from such body tissue
as skin, muscle, or fascia. When interpositional recon-
struction fails, total joint replacement may be necessary.
Joint replacement is also called total joint arthroplasty.

In recent years, joint replacement has become the
operation of choice for most chronic knee and hip prob-
lems, particularly because of advances in the type and
quality of prostheses (articifical joints). Elbow, shoulder,
ankle, and finger joints are more likely to be treated with
joint resection or interpositional reconstruction.

Arthroplasty is performed on people suffering from
severe pain and disabling joint stiffness. Osteoarthritis
(OA), a degenerative joint disease, is the most common
condition causing joint destruction with pain and im-
paired movement. Other causes include rheumatoid
arthritis (RA), hemophilia, synovitis, and rare bone dis-
eases, which are all known to destroy cartilage. Joint re-
section, rather than joint replacement, is more likely to
be performed on people with rheumatoid arthritis, espe-
cially when the elbow joint is involved. Joint replace-
ment is usually reserved for older patients, because of
the limited longevity of benefits. The younger the pa-
tient, the greater the reliance on medical treatment.

Demographics

The American Academy of Orthopaedic Surgeons
reports that approximately 713,000 arthroplasty surg-
eries are performed annually in the United States. Of
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In this shoulder arthroplasty procedure, an incision is made into the shoulder (A). The head of the humerus (upper arm bone)
is removed from the shoulder joint, and bone growths, or osteophytes, are removed (B). Small holes are drilled into the head
to accept the prosthesis (C). Similar holes are drilled in the glenoid cavity (shoulder joint) (D). The final prosthesis improves

shoulder function (E). (/llustration by GGS Inc.)
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Arthroplasty

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

An orthopedic surgeon performs arthroplasty,
including joint resection, interpositional recon-
struction, and total joint arthroplasty (joint re-
placement). Orthopedic surgeons are board
certified in their specialty and members of the
American Academy of Orthopedic Surgeons
(AAOS).

Orthopedic hospitals specialize in treating
orthopedic conditions and performing orthope-
dic surgery. Although some orthopedic surgery
may be performed in other hospitals and med-
ical centers, better surgical results have been
reported in the specialized centers.

these, an average of about 362,000 are knee surgeries
and 295,000 are hip surgeries. The remainder are ankle,
shoulder, wrist, and hand surgeries. Joint replacement
surgeries are increasing; for example, 259,000 total knee
replacements were performed in 1997 and 299,000 were
performed in 2000.

Because the primary underlying condition in pa-
tients undergoing arthroplasty is osteoarthritis, a com-
mon cause for disability among older adults, the majori-
ty of patients undergoing this surgery fit the demograph-
ic profile for osteoarthritis. Osteoarthritis is the most
common type of arthritis, with over twenty million peo-
ple in all parts of the United States. Both men and
women have the disease; under age 45 men are more
often affected, though more women than men are affect-
ed after age 45. Younger people can have the disease
after a joint injury. Arthroplasty is reserved for the most
severely afflicted—approximately 3% of all patients
with osteoarthritis, women more often than men. Two
and one-half million people in the United States have
rheumatoid arthritis, which can strike people of all ages.
Very few have arthroplasty because this chronic crip-
pling disease affects not only multiple joints but other
parts of the body as well, including the immune system.
Patients weakened by this disease are more subject to in-
fection and less likely to enjoy positive surgical results.

Description

Arthroplasty is performed under general (affecting
the entire body) or regional (numbing a specific area of
the body, such as spinal block) anesthesia in a hospital,
by an orthopedic surgeon. Although many hospitals and
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medical centers perform common types of joint surgery,
orthopedic hospitals that specialize in joint surgery tend
to have higher success rates than less specialized centers.

In joint resection, the surgeon makes an incision at
the joint, then carefully removes the minimum amount of
bone necessary to allow free motion. The more bone that
remains, the more stable the joint. Ligament attachments
are preserved as much as possible. In interpositional re-
construction, both bones of the joint are reshaped, and a
disk of material is placed between the bones to prevent
their rubbing together. Length of hospital stay depends
on the joint affected; in the absence of complications, a
typical stay is only a few days.

Diagnosis/Preparation

Significant disabling pain, deformity, and reduced
quality of life are the primary indications for arthroscopic
procedures. Patients at this stage of discomfort and dis-
ability will most likely have already been diagnosed with
a form of arthritis. Pain and stiffness on weight-bearing
joints are the major symptoms that patients report, though
some people experience night pain as well. Other symp-
toms may include stiffness, swelling, and locking of the
joint; and even the joint giving way, particularly when the
knees or hips are affected. To determine the extent of dis-
abling, the referring physician and/or the surgeon will
likely ask about walking distance, sporting ability, the
need for walking aids, and the ability to perform self-care
tasks such as dressing and bathing. Besides evaluation of
the joint itself and level of mobility, the clinical examina-
tion will include evaluation of the patient’s general
health, the condition of the ligaments and muscles around
the affected joint, and also assessment of the patient’s
mental outlook and social circumstances to help develop
the most effective postoperative rehabilitation plan. Diag-
nostic testing will typically include:

« x rays of the affected joint (and other joints as well)to
determine loss of joint space and to differentiate be-
tween OA and RA

 imaging studies, such as computed tomography (Cat
scans), magnetic resonance (MRI), and bone densitom-
etry to assess bone loss or bone infection

» cardiac tests, such as electrocardiogram, to evaluate the
heart and circulatory system

* blood tests to rule out infection and possibly to confirm
arthritis

Prior to arthroplasty, standard preoperative blood
and urine tests are performed to rule out such conditions
as anemia and infection. If a patient has a history of
bleeding, the surgeon may ask that clotting tests be per-
formed. The patient will meet with the anesthesiologist
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to discuss any special conditions that may affect the ad-
ministration of anesthesia. Surgery will not be per-
formed if infection is present anywhere in the body or if
the patient has certain heart or lung diseases. Smokers
will be asked to stop smoking. Weight loss may also be
recommended for overweight patients. If surgery in-
volves deep tissue and muscle, such as total hip arthro-
plasty, the surgeon may order units of blood to be pre-
pared in case transfusion is needed to replace blood
lost during the surgery. Healthy patients may be asked
to donate their own blood, which will be returned to
them at the time of surgery (autologous transfusion).
Certain pain medications may have to be discontinued
in the weeks just prior to surgery.

Aftercare

Immediately after surgery, while still in the hospital,
patients will be given pain medications for the recovery
period and antibiotics to prevent infection. When patients
are discharged after joint surgery, they must be careful not
to overstress or destabilize the joint, requiring rest at home
for a period of weeks. Physical therapy will begin imme-
diately to improve strength and range of motion; it is the
most important aid to recovery and may continue for sev-
eral months. Activity may be resumed gradually, using de-
vices if necessary, such as walkers or crutches, as recom-
mended by the physical therapist. Lifestyle changes may
include the use of special seating or sleeping surfaces, and
employing home care assistance for help with shopping,
cooking, and household tasks.

Risks

Joint resection and interpositional reconstruction do
not always produce successful results, especially in pa-
tients with rheumatoid arthritis, a chronic inflammatory
disease that may continue to narrow the joint space and
accelerate the formation of scar tissue. Repeat surgery or
total joint replacement may be necessary. As with any
major surgery, there is always a risk of an allergic reac-
tion to anesthesia, post-operative infection, or the forma-
tion of blood clots (thrombophlebitis) that may cause
pain and swelling near the surgery site and travel through
the veins to other parts of the body. A joint that has un-
dergone surgery is less stable than a healthy joint and
dislocation or loosening of the resected joint may occur,
especially with inappropriate physical activity.

Normal results

Most patients enjoy an improved range of motion in
the joint and relief from pain. Younger people may actu-
ally return to some form of low-impact sports activity.

GALE ENCYCLOPEDIA OF SURGERY

QUESTIONS TO ASK
THE DOCTOR

e Is surgery my only option? What alternatives
might work?

* How many surgeries like mine have you per-
formed?

e What can | do after surgery to improve the re-
sult and avoid more surgery?

* Will joint replacement be inevitable in time
even if | have resection or reconstruction?

e What changes can | make in my lifestyle to
slow the progress of arthritis?

However, people who have degenerative or inflammato-
ry diseases must understand that they will not suddenly
have a normal joint, even while they will gain pain relief
and improved function.

Morbidity and mortality rates

The number of deaths for all arthroplasty surgeries
is less than 1%, with death more likely to occur among
elderly patients and those with other serious medical
conditions.

Alternatives

Pain management alone, particularly with the
availability of more effective pain drugs that have fewer
side effects, is the primary non-surgical option when the
underlying diagnosis is a form of arthritis. Non-steroidal
anti-inflammatory medications (NSAIDs) are commonly
prescribed for arthritis sufferers, and people with RA are
given certain drugs that suppress immune system activi-
ty, shown to be a factor in this type of arthritis. A range
of nutritional supplements and vitamins are reported to
offer health benefits to people with OA; among them,
glucosamine and chondroitin sulfate have been shown to
offer some relief for pain and stiffness. Weight loss is
often recommended as well.

Because immobility of the affected joint can in-
crease pain and stiffness, patients with joint disease are
usually encouraged to continue some type of physical
activity. Keeping the muscles strong through modest,
non-weight-bearing exercise, such as stretching or
swimming, is often recommended to help support the
joint and maintain mobility. Various devices, such as
braces or orthopedic shoes, may be recommended, as
well as walking aids. Safety rails, special elevated toilet-
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Arthroscopic surgery

KEY TERMS

Cartilage—The slippery tissue that covers the ends
of joint bones.

Fascia—Thin connective tissue covering or sepa-
rating the muscles and internal organs of the body.

Osteoarthritis—A degenerative “wear-and-tear”
joint disease related to aging.

Prosthesis—An artificial joint.

Rheumatoid arthritis—A chronic autoimmune
disease characterized by inflammation of multiple
joints and crippling effects.

Synovial fluid—A fluid that [ubricates the joint
and keeps cartilage smooth.
Synovitis—Inflammation of the synovium, the thin
membrane in the joint.

Thrombophlebitis—A condition in which blood
clots form in veins near surgery site, causing
swelling and pain; clots may travel via veins to
lungs.

seat extensions, bath and shower seats can make the pa-
tient more comfortable in daily life. Movement therapy,
such as yoga, tai chi, and dance, may help maintain joint
flexibility and slow chronic arthritis symptoms. Occupa-
tional therapy, massage therapy, and physiotherapy may
help improve range of motion and overall comfort, as
well as patient confidence.

Resources

BOOKS

“Joint Replacement.” In Everything You Need to Know About
Medical Treatments. Springhouse, PA: Springhouse Corp.,
1996.

ORGANIZATIONS

American Academy of Orthopaedic Surgeons(AAOS). 6300
North River Rd. Rosemont, Illinois 60018. (847) 823-
7186. (800) 346-AAO0S. Fax: (847) 823-8125. <http://
WWW.aa0s.0rg>.

Tish Davidson, A.M.
L. Lee Culvert

Arthroplasty, shoulder see Shoulder
resection arthroplasty

Arthroscopic knee surgery see Knee
arthroscopic surgery
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Arthroscopic surgery
Definition

Arthroscopic surgery is a procedure that allows sur-
geons to visualize, diagnose, and treat joint problems.
The name is derived from the Greek words arthron,
joint, and skopein, to look at. Arthroscopy is performed
using an arthroscope, a small fiber-optic instrument that
enables a close look at the inside of a joint through a
small incision.

Purpose

Arthroscopic surgery is used to diagnose, treat, and
monitor joint injuries and diseases that affect the joints.
Diagnostic arthroscopic surgery is performed when the
medical history, physical exam, x rays, and bone scan-
ning examinations, such as MRI or CT, do not provide a
definitive diagnosis. Corrective arthroscopic surgery is
used primarily to remove bone or cartilage or repair ten-
dons or ligaments.

Precautions

Diagnostic arthroscopic surgery is not recommended
unless non-surgical treatment does not fix the problem.

Description

Arthroscopic surgery is performed most commonly
on the knees, and also on ankles, shoulders, wrists, el-
bows, and hips. Knee joints are large enough to allow
free movement of arthroscopic instruments and therefore
are ideal for the benefits of this type of examination and
treatment. The technique is valued because it allows sur-
geons to see inside the joint through incisions as tiny as a
quarter of an inch (about 1 cm) rather than the large inci-
sions that open surgery procedures require. The accuracy
of arthroscopy is said to be 100% for diagnosis com-
pared to diagnostic imaging such as MRI. Arthroscopic
surgery may be used to relieve mechanical joint prob-
lems, such as buckling, stiffness, or locking, and can pre-
clude or delay the need for more aggressive surgery such
as a joint replacement.

In arthroscopic surgery, an orthopedic surgeon uses
a pencil-sized arthroscope—a fiber-optic instrument fit-
ted with a lens, a light source, and a miniature video
camera—to see inside a joint. Advanced fiber optics
allow even more detail to be seen than in open surgery,
often identifying problems that may have been difficult
to diagnose with other methods. The arthroscope trans-
mits highlighted images of the structures to a television
monitor in the operating room. The surgeon is able to
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view the entire examination, getting a full view of the
joint, its cartilage, and surrounding tissue. The type and
extent of the injury can be determined and repair or cor-
rection can be performed if necessary. Some of the most
common joint problems diagnosed and treated with
arthroscopic surgery are:

« synovitis (inflamed joint lining) of the knee, shoulder,
elbow, wrist, or ankle

e injuries to the shoulder, such as rotator cuff tendon
tears, impingement syndrome, and dislocations

« injuries to the knee, such as meniscal (cartilage) tears,
wearing down of or injury to the cartilage cushion, and
anterior cruciate ligament tears with instability

« injuries to the wrist, such as carpal tunnel syndrome

* loose bodies of bone and/or cartilage in the knee,
shoulder, elbow, ankle, or wrist

« joint damage caused by rheumatoid arthritis or os-
teoarthritis

Arthroscopic procedures are performed in a hospital
or outpatient surgical facility by an orthopedic surgeon.
The type of anesthesia used (local, spinal, or general)
varies, as does the length of the procedure; both depend
on the joint that will be operated on, the type and extent
of the suspected joint injury, and/or the complexity of
the anticipated repair. Arthroscopic surgery rarely takes
more than an hour. Most patients who have arthroscopic
surgery, whether diagnostic or corrective, are discharged
within the same day; some patients, depending on the
complexity of the surgery or their post-operative condi-
tion, may stay in the hospital one or two days.

Considered the most important orthopedic develop-
ment in the twentieth century, arthroscopic surgery is
widely used. The American Association of Orthopedic
Surgeons reports that it is performed by 80% of all or-
thopedic surgeons. The use of arthroscopic surgery on
famous athletes has been well publicized. Although
arthroscopic surgery was initially only a diagnostic tool
used prior to open surgery, the availability of better in-
struments and techniques has encouraged its use to actu-
ally treat a variety of joint problems, often avoiding
more complicated surgeries with longer recovery times.
New techniques under development are likely to lead to
other joints being treated with arthroscopic surgery in
the future. Laser technology has been introduced as a
treatment option in arthroscopic surgery and other ad-
vanced technologies are being explored.

Surgical procedure

After making two small incisions about the size of
a buttonhole in the skin near the joint, the surgeon in-
jects sterile sodium chloride solution through one inci-
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Arthroscopic surgery is performed in a hospital
operating room or an outpatient surgical facili-
ty by an orthopedic surgeon.

sion into the joint to expand it for better viewing and
movement of the instruments. The surgeon will also use
this access to irrigate (flood with fluid) the joint area
during surgery and to suction blood and debris away
from the joint. This irrigation, or “washing” part of the
procedure, is believed to be of value in itself, improv-
ing joint function. The arthroscope is then inserted into
the second incision. While looking at the interior of the
joint on the television monitor, the surgeon can deter-
mine the extent or type of injury and, if necessary, take
a biopsy specimen or repair or treat the problem. A
third tiny incision may be made in order to see other
parts of the joint or to insert additional instruments,
such as laser or tiny scalpels, when repairs or correc-
tions need to be made. Arthroscopic surgery can be
used to remove floating bits of cartilage, to debride
(clean by removing tissue or bone), and to treat minor
tears and other disorders. When the procedure is fin-
ished, the arthroscope is removed and the joint is once
again irrigated. The site of the incision is dressed with
compression bandages (ace bandages).

Diagnosis/Preparation

Prior to arthroscopy, the patient’s medical history
will be reviewed and the patient will have a complete
physical examination. Standard pre-operative blood and
urine tests will be done as well as scans of the affected
joint, such as MRI (magnetic resonance imaging), CT
(computed tomography), and arthrogram (an X ray using
dye). In some cases, an exercise regimen or muscle stim-
ulation treatment (TENS) may be recommended to
strengthen muscles around the joint prior to surgery. Sur-
geons may recommend pre-operative guidelines, such as:

* Discontinue aspirin and anti-inflammatory medica-
tions two weeks before surgery.

« Stop smoking to encourage post-operative healing.

* Inform the surgeon if any fever or other illness occurs,
or if cuts, scratches, or bruises appear near the surgical
site before the scheduled surgery.

* Do not eat, drink, or chew gum for 12 hours prior to
surgery.
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Arthroscopic surgery

QUESTIONS TO ASK
THE DOCTOR

e Why is arthroscopy necessary for me?
e What kind of anesthesia will I have?

* How often do you perform this procedure?
What results are typical?

* How much discomfort can | expect short
term? Long term?

» Will physical therapy be necessary after the
surgery?
¢ Will this procedure correct my joint problem?

* Bring crutches or a walker if hip, knee, or ankle
arthroscopy is being performed.

» Wear loose fitting clothing to allow for bulky dressings
over the surgical site.

Aftercare

Immediately after the procedure, the patient will
spend up to two hours in a recovery area before being
discharged. Some patients may be transferred to a hos-
pital room if the surgeon determines overnight care is
necessary. The surgical site will be dressed with a com-
pression bandage (ace bandage) or a tightly fitting
stocking (support hose). An ice pack will be placed on
the joint that was examined or treated by arthroscopy.
This treatment may continue for up to 72 hours after
surgery to keep swelling down and help prevent the for-
mation of clots. Pain medication will be administered if
needed, although most patients require little or no med-
icine for pain. Dressings can usually be removed on the
morning after surgery and replaced by adhesive strips.
The surgeon should be notified if the patient experi-
ences any increase in pain, swelling, redness, drainage
or bleeding at the site of the surgery, signs of infection
(headache, muscle aches, dizziness, fever), and nausea
or vomiting.

It takes several days for the puncture wounds to heal
and several weeks for the joint to fully recover. Many pa-
tients can resume their daily activities, including going
back to work, within a few days of the procedure. Mus-
cle strength must be regained as soon as possible after
surgery to help support the affected joint. A rehabilita-
tion program, including physical therapy, may be sug-
gested to speed recovery and improve the functioning of
the joint. The surgeon’s recommendations for recovery
may include:
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* Keep the surgical site and the dressings clean and dry.

 Use ice packs for up to 72 hours to reduce pain and
swelling.

* Elevate the affected joint (wrist, elbow, ankle, knee) on
pillows; exercise gently to encourage circulation.

* Use a knee brace or shoulder sling temporarily.

« Allow weight-bearing exercise as able.

Complications

Few complications are to be expected with arthro-
scopy. Those that may occur occasionally (fewer than
1% of all arthroscopies, according to the American
Academy of Orthopedic Surgeons) are infection, blood
clot formation, swelling or bleeding, or damage to blood
vessels or nerves. Rare instrument breakage during pro-
cedures has also been reported.

Normal results

Most patients undergo arthroscopic surgery as an
outpatient and are home with hours or at most a day or
two. Pain and complications are rare and most patients
will enjoy improved mobility as they recover over a peri-
od of days, possibly with the aid of physical therapy and
gentle exercise.

Some people undergoing arthroscopy may have pre-
existing conditions and diseases that will affect the surgi-
cal result. Recovery times will vary depending on each
patient’s overall condition. Certain problems may need
to be treated with a combination of arthroscopic and
open surgical procedures.

Alternatives

Alternatives to arthroscopic surgery include:

« changing activities to those less strenuous or demand-
ing

« anti-inflammatory medications

« physical therapy and appropriate, gentle exercise such
as yoga

* wearing a brace or using a walking aid

» glucosamine sulfate and chondroiten to reduce pain and
stiffness

« therapeutic massage, acupuncture, or other body work

Resources
BOOKS

Andrews, James R. and Laura A. Timmerman. Diagnostic and
Operative Arthroscopy. Philadelphia: W. B. Saunders Co.,
1997.
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KEY TERMS

Arthroscope—A pencil-sized fiber-optic instru-
ment fitted with a lens, light source, and camera,
used for detailed examination of joints.

Cartilage—The slippery tissue that covers the ends
of joint bones.

Meniscal—Pertaining to cartilage.

Open surgery—Surgery using a large incision to
lay open area for examination or treatment; in
joint surgery, the whole joint is exposed.

Osteoarthritis—A degenerative “wear-and-tear”
joint disease related to aging.

Rheumatoid arthritis—A chronic autoimmune
disease characterized by inflammation of multiple
joints and crippling effects.

Synovitis—Inflammation of the synovium, the thin
membrane lining the joint.

Brillhart, Allen T., ed. Arthroscopic Laser Surgery: Clinical
Applications. New York: Springer-Verlag, 1995.

Oxford Medical Publications. Oxford Textbook of Sports Medi-
cine. New York: Oxford Medical Publications, 1994.

PERIODICALS

Wilkinson, Todd. “Pop, Crackle, Snap.” Women’s Sports & Fit-
ness (April 1998): 68.

ORGANIZATIONS

American Academy of Orthopedic Surgeons(AAOS). 6300
North River Road, Rosemont, IL 60018. (800) 346-
AAOS. <http://www.aaos.org>.

Institute for Bone and Joint Disorders. 2222 East Highland Av-
enue, Phoenix, AZ 85016; 602-553-3113. <http://www.
ibjd. com>.
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Artificial sphincter insertion
Definition

Artificial sphincter insertion surgery is the implanta-
tion of an artificial valve in the genitourinary tract or in the
anal canal to restore continence and psychological well
being to individuals with urinary or anal sphincter insuffi-
ciency that leads to severe urinary or fecal incontinence.

Purpose

This procedure is useful for adults and children who
have severe incontinence due to lack of muscle contrac-
tion by either the urethral sphincter or the bowel sphinc-
ter. The primary work of the lower urinary tract and the
colon is the storage of urine and waste, respectively, until
such time as the expulsion of urine or feces is appropri-
ate. These holding and expelling functions in each system
require a delicate balance of tension and relaxation of
muscles, especially those related to conscious control of
the act of urination or defecation through the valve-like
sphincter in each system. Both types of incontinence have
mechanical causes related to reservoir adequacy and
sphincter, or “gatekeeper” control, as well as mixed eti-
ologies in the chemistry, neurology, and psychology of
human makeup. The simplest bases of incontinence lie in
the mechanical components of reservoir mobility and
sphincter muscle tone. These two factors receive the most
surgical attention for both urinary and fecal incontinence.

Urinary sphincter surgery

There are four sources of urinary incontinence relat-
ed primarily to issues of tone in pelvic, urethral, and
sphincter muscles. Most urinary incontinence is caused
by leakage when stress is applied to the abdominal mus-
cles by coughing, sneezing, or exercising. Stress inconti-
nence results from reduced sphincter adequacy in the
ability to keep the bladder closed during movement.
Stress incontinence can also be related to the mobility of
the urethra and whether this reservoir for urine tilts,
causing spilling of urine. The urethral cause of stress in-
continence is treated with other surgical procedures. A
second form of incontinence is urge incontinence. It re-
lates to sphincter overactivity, or sphincter hyperflexia,
in which the sphincter contracts uncontrollably, causing
the patient to urinate, often many times a day. Finally,
there is urinary incontinence due to an inadequately
small urethra that causes urine overflow. This is known
as overflow incontinence and can often be treated with
augmentation to the urethra to increase its size.

Only severe stress incontinence related to sphincter
adequacy can benefit from the artificial urinary sphinc-
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Artificial sphincter insertion

Artificial sphincter insertion

Artificial sphincter
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Normally, the anal sphincter muscles maintain fecal conti-

nence (A). In cases of incontinence, an artificial sphincter
may be inserted, which can open and close to mimic the
function of the natural sphincter (B). Once implanted, the
patient uses a pump under the skin to inflate and deflate

the anal cuff (C). (lllustration by GGS Inc.)
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ter. This includes conditions that result in the removal of
the sphincter. Sphincter deficiency can result directly
from pelvic fracture; urethral reconstruction; prostate
surgeries; spinal cord injury; neurogenic bladder condi-
tions that include sphincter dysfunction; and some con-
gential conditions. Each can warrant consideration for a
sphincter implant.

Implantation surgery related to urinary sphincter in-
competence is also called artificial sphincter insertion or
inflatable sphincter insertion. The artificial urinary
sphincter (AUS) is a small device placed under the skin
that keeps pressure on the urethra until there is a decision
to urinate, at which point a pump allows the urethra to
open and urination commences. Since the 1990s, ad-
vances in prostate cancer diagnosis and surgery have re-
sulted in radical prostatectomies being performed, with
urinary incontinence rates ranging from 3-60%. The
AUS has become a reliable treatment for this main
source of urinary incontinence in men. Women with in-
trinsic sphincter deficiency, or weakened muscles of the
sphincter, also benefit from the AUS. However, the use
of AUS with women has declined with advances in the
use of the sub-urethral sling due to its useful “hammock”
effect on the sphincter and its high rates of continence
success. Women with neurologenic incontinence can
benefit from the AUS.

Artificial anal sphincter surgery

Fecal incontinence is the inability to control bowel
function. The condition can be the result of a difficult
childbirth, colorectal disease such as Crohn’s disease,
accidents involving neurological injuries, surgical resec-
tion for localized cancer, or by other neurological disor-
ders. Severe fecal incontinence may, depending upon the
underlying disease, require surgical intervention that can
include repair of the anal sphincter, colostomy, or re-
placement of the anal sphincter. Artificial anal sphincter
is a very easy-to-use device implanted under the skin
that mimics the function of the anal sphincter.

Demographics
Atrtificial urinary sphincter surgery

According to the Agency for Health Care Policy and
Research, urinary incontinence affects approximately 13
million adults. Men have incontinence rates that are
much lower than women, with a range of 1.5-5%, com-
pared to women over 65 with rates of almost 50%. In
older men, prostate problems and their treatments are the
most common sources of incontinence. Incontinence is a
complication in nearly all male patients for the first three
to six months after radical prostatectomy. A year after
the procedure, most men regain continence. Stress incon-
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tinence occurs in 1-5% of men after the standard treat-
ment for severe benign prostatic hyperplasia.

Artificial anal sphincter surgery

According to the National Institute of Diabetes &
Digestive & Kidney Diseases (NIDDK), more than 6.5
million Americans have fecal incontinence. Fecal incon-
tinence affects people of all ages. It is estimated that over
2% of the population is affected by fecal incontinence.
Many cases are never reported. Community-based stud-
ies reveal that 30% of patients are over the age of 65, and
63% are female. According to one study published in the
American Journal of Gasteronology, only 34% of incon-
tinent patients have ever mentioned their problem to a
physician, even though 23% wear absorbent pads, 12%
are on medications, and 11% lead lives restricted by their
incontinence. Women are more than five times as likely
as men to have fecal incontinence, primarily due to ob-
stetric injury, especially with forceps delivery and anal
sphincter laceration. Fecal incontinence is frequent in
men who have total and subtotal prostatectomies. Fecal
incontinence is not a part of aging, even though it affects
people over 65 in higher numbers than other populations.

Description
Atrtificial urinary sphincter surgery

The artificial urinary sphincter is an implantable de-
vice that has three components:

« an inflatable cuff
* a fluid reservoir (balloon)

* a semiautomatic pump that connects the cuff and bal-
loon

Open surgery is the major form of surgery for the
implant. Infections are minimized by sterilization of the
urine preoperatively and preoperative bowel preparation.
The pelvic space is entered from the abdomen or from
the vagina, with general anesthesia for the patient.
Broad-spectrum antibiotics are given intravenously and
at the site of small incisions for the device. A urinary
catheter is put into place. The cuff is implanted around
the bladder neck and secured and passed through the rec-
tus muscle and anterior fascia to be connected later to the
pump. A space is fashioned to hold the balloon in the
pubic region, and a pump is placed in a pouch below the
abdomen. The artificial urinary sphincter is activated
only after six to eight weeks to allow healing from the
surgery. The patient is trained in the use of the device by
understanding that the cuff remains inflated in its “rest-
ing state,” and keeps the urethra closed by pressure, al-
lowing continence. Upon the decision to urinate, the pa-
tient temporarily deflates the cuff by pressing the pump.

GALE ENCYCLOPEDIA OF SURGERY

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Implantation surgery is performed in a hospital
operating room by urologic surgeons specially
trained for implantation of the artificial sphincter
in the urinary or anal tracts. Successful surgery
depends upon very experienced surgeons.

The urethra opens and the bladder empties. The cuff
closes automatically.

Artificial anal sphincter surgery

The artificial anal sphincter is an implantable device
that has three components:

« an inflatable cuff
* a fluid reservoir (balloon)

* a semiautomatic pump that connects the cuff and bal-
loon

In open abdominal surgery, the implant device is
placed beneath the skin through small incisions within
the pelvic space. One incision is placed between the anus
and the vagina or scrotum, and the inflatable cuff is put
around the neck of the anal sphincter. A second incision
at the lower end of the abdomen is used to make a space
behind the pubic bone for placement of the balloon. The
pump is placed in a small pocket beneath the labia or
scrotum, using two incisions. The artificial anal sphinc-
ter is activated only after six to eight weeks to allow
healing from the surgery. The patient is trained in the use
of the device by understanding that the anal cuff remains
inflated in its “resting state,” and keeps the anal canal
closed by pressure, allowing continence. Upon the deci-
sion to have a bowel movement, the patient temporarily
deflates the cuff by pressing the pump and fecal matter is
released. The balloon re-inflates after the movement.

Diagnosis/Preparation
Atrtificial urinary sphincter surgery

Patients must be chosen carefully, exhibit isolated
sphincter deficiency, and be motivated and able to work
with the device and its exigencies. To characterize the
condition to be treated and to determine outcomes, full
clinical, urodynamic, and radiographic evaluations are
necessary. The ability to distinguish mobility of the ure-
thra as the cause of incontinence from sphincter insuffi-
ciency is difficult, but very important in the decision for
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Artificial sphincter insertion

QUESTIONS TO ASK
THE DOCTOR

e How many implantation surgeries have you
performed?

e What is your rate of device removal in the
patients you have treated?

* How likely is infection after surgery?
* How likely is infection to occur long term?

surgery. A combination of pelvic examination for ure-
thral hypermobility and a leak-point pressure as mea-
sured by coughing or other abdominal straining has been
shown to be very effective in identifying the patient who
needs the surgical implant. Visual examination of the
bladder with a cystoscope is very important in the preop-
erative evaluation for placement of the sphincter. Ure-
thral and bladder conditions found by the examination
should be addressed before implantation. Previous re-
construction or repair of the urethra may prevent implan-
tation of the cuff. In open abdominal surgery, the implant
surgery uses preventive infection measures that are very
important, including sterilization of the urine preopera-
tively with antibiotics, the cleansing of the intestines
from fecal matter and secretions through laxatives im-
mediately prior to surgery, and antibiotic treatment and
vigorous irrigation of the wound sites.

Atrtificial anal sphincter surgery

Since only a limited number of patients with fecal
incontinence would benefit from an artificial sphincter, it
is very important that a thorough examination be per-
formed to distinguish the causes of the incontinence. A
medical history and physical, as well as documented en-
tries or an incontinence diary are crucial to the diagnosis
of fecal incontinence. The physical exam usually in-
cludes a visual inspection of the anus and the area lying
between the anus and genitals for hemorrhoids, infec-
tions, and other conditions. The strength of the sphincter
is tested by the doctor probing with a finger to test mus-
cle strength.

Medical tests usually include:

» Anorectal manometry. This is a long tube with a bal-
loon on the end that is inserted in the anus and rectum
to measure the tightness of the anal sphincter and the
ability to respond to nerve firings.

* Anorectal ultrasonography. This test also includes an
insertion of a small instrument into the anus with a
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video screen that produces sound waves, picturing the
rectum and anus.

X rays. A substance called barium is used to make the
rectum walls visible to x ray. This liquid is swallowed
by the patient before the test.

* Anal electromyography. This test uses the insertion of
tiny needle electrodes into muscles around the anus and
tests for nerve damage.

Aftercare
Artificial urinary sphincter surgery

Surgery requires a few days of hospitalization. Oral
and intravenous pain medications are administered,
along with postoperative antibiotics. A general diet is
available, usually on the evening of surgery. When the
patient is able to walk, the urethral catheter is removed.
Patients are discharged on the second day postoperative-
ly, unless they have had other procedures and need extra
recovery time. Patients may not lift heavy objects or en-
gage in strenuous activity for approximately six weeks.
After six to eight weeks, the patient returns to the physi-
cian for training in the use of the implant device.

Artificial anal sphincter surgery

Surgery hospitalization requires a few days with di-
etary restrictions and anti-diarrheal medicine to bind the
bowels. Antibiotics are administered to lower the risk of in-
fection, and skin incisions are cleaned frequently. Patients
may not lift heavy objects or engage in strenuous activity
for approximately six weeks. After the body has had time
to heal over six to eight weeks, the patient returns to the
physician for training in the use of the pump. Two or three
sessions are required and after the training, the patient is
encouraged to lead as normal a life as possible.

Normal results
Atrtificial urinary sphincter surgery

One problem with the urinary sphincter implant is
failure. If the device fails, or the cuff erodes, the surgery
must be repeated. In a study published in 2001, 37% of
women had the implant after an average of seven years,
but 70% had the original or a replacement and 82% were
continent. Studies on men report similar findings. Mal-
function has improved with advances in using a narrower
cuff. In one large study encompassing one surgeon over
11 years, the re-operative rate of AUS related to mal-
function in men was 21%. Over 90% of patients were
alive with a properly functioning device.

Another problem with the surgery is urinary void-
ing. This may be difficult initially due to postoperative
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edema caused by bruising of the tissue. In the majority
of cases, urination occurs after swelling has receded.

AUS is a good alternative for children. The results
of AUS in children range from 62-90%, with similar
rates for both girls and boys.

Atrtificial anal sphincter surgery

Anal sphincter implant surgery has been successful-
ly performed for many years. The device most often
used has a cumulative failure rate of 5% over 2.5 years.
The long-term functional outcome of artificial anal
sphincter implantation for severe fecal incontinence has
not been determined. However, adequate sphincter func-
tion is recovered in most cases, and the removal rate of
the device is low. Most of the good results are depen-
dent upon careful patient selection and appropriate sur-
gical and operative management with a highly experi-
enced surgical team.

Morbidity and mortality rates
Artificial urinary sphincter surgery

Infection has been a frequent and serious complica-
tion of surgery, not only because of the infection per se,
but also because infection can cause erosion of the ure-
thra or bladder neck under the implant. The infection
may actually worsen the incontinence. The overall infec-
tion rate with AUS implants is 1-3%. Because of interac-
tions between the host and the foreign body represented
by the implant, infections can occur soon after the
surgery, or months and even years later. New techniques
using antibiotics and skin preparations have improved
infection rates considerably.

Artificial anal sphincter surgery

This surgery is for a limited number of patients who
have isolated sphincter deficiency. Patients must be cho-
sen who have little co-morbidity (serious illnesses) and
can be trained in the use of the pump. Although it is a
fairly simple operation, some researchers report a 30%
infection rate.

Alternatives
Artificial urinary sphincter surgery

Milder forms of urinary incompetence can be treat-
ed with changes in diet, evaluation of medications, and
the use of antidepressants and estrogen replacement, as
well as bladder training and pelvic muscle strengthening.
However, sphincter deficiency, unlike incontinence
caused by urethral mobility, requires a substitute for the
sphincter contraction by implant or by auxiliary tissue. If
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KEY TERMS

Artificial sphincter—An implanted device that
functions to control the opening and closing of
the urethral or anal canal for the expelling of urine
or feces, respectively.

Fascia—Connective tissue separating the muscles
and internal organs.

Fecal incontinence—The inability to control bowel
movement.

Sphincter deficiency—A term related both to uri-
nary and fecal incontinence in which the inability
of the sphincter to keep the reservoir closed is a
source of severe incontinence.

Urinary incontinence—The inability to control
urination.

AUS cannot treat sphincter deficiency, the sling or “ham-
mock” procedure is a good second choice. It brings
tightness to the sphincter by using tissue under the ure-
thra to increase contractual function. The sling proce-
dure is already preferred over the AUS for women.

Atrtificial anal sphincter surgery

Milder forms of fecal incontinence are being treated
by changes in diet and the use of certain bowel-binding
medications. For some forms of mild fecal incontinence,
special forms of exercise can help to strengthen and tone
the pelvic floor muscles, along with providing biofeed-
back to train the muscles to work with an appropriate
schedule. Only after these measures have been tried, in-
cluding the use of pads, is the patient counseled on the
benefits of an anal sphincter implant.
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Aseptic technique
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Ascending contrast phlebography see
Phlebography

Ascites shunt see Peritoneovenous shunt

Aseptic technique
Definition

Aseptic technique is a set of specific practices and
procedures performed under carefully controlled condi-
tions with the goal of minimizing contamination by
pathogens.

Purpose

Aseptic technique is employed to maximize and
maintain asepsis, the absence of pathogenic organisms,
in the clinical setting. The goals of aseptic technique are
to protect the patient from infection and to prevent the
spread of pathogens. Often, practices that clean (remove
dirt and other impurities), sanitize (reduce the number of
microorganisms to safe levels), or disinfect (remove
most microorganisms but not highly resistant ones) are
not sufficient to prevent infection.

The Centers for Disease Control and Prevention
(CDC) estimates that over 27 million surgical procedures
are performed in the United States each year. Surgical site
infections are the third most common nosocomial (hospi-
tal-acquired) infection and are responsible for longer hos-
pital stays and increased costs to the patient and hospital.
Aseptic technique is vital in reducing the morbidity and
mortality associated with surgical infections.
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Description

Aseptic technique can be applied in any clinical set-
ting. Pathogens may introduce infection to the patient
through contact with the environment, personnel, or
equipment. All patients are potentially vulnerable to in-
fection, although certain situations further increase vul-
nerability, such as extensive burns or immune disorders
that disturb the body’s natural defenses. Typical situations
that call for aseptic measures include surgery and the in-
sertion of intravenous lines, urinary catheters, and drains.

Asepsis in the operating room

Aseptic technique is most strictly applied in the oper-
ating room because of the direct and often extensive dis-
ruption of skin and underlying tissue. Aseptic technique
helps to prevent or minimize postoperative infection.

PREOPERATIVE PRACTICES AND PROCEDURES. The
most common source of pathogens that cause surgical
site infections is the patient. While microorganisms nor-
mally colonize parts in or on the human body without
causing disease, infection may result when this endoge-
nous flora is introduced to tissues exposed during surgi-
cal procedures. In order to reduce this risk, the patient is
prepared or prepped by shaving hair from the surgical
site; cleansing with a disinfectant containing such chem-
icals as iodine, alcohol, or chlorhexidine gluconate; and
applying sterile drapes around the surgical site.

In all clinical settings, handwashing is an important
step in asepsis. The “2002 Standards, Recommended
Practices, and Guidelines” of the Association of Periop-
erative Registered Nurses (AORN) states that proper
handwashing can be “the single most important measure
to reduce the spread of microorganisms.” In general set-
tings, hands are to be washed when visibly soiled, before
and after contact with the patient, after contact with
other potential sources of microorganisms, before inva-
sive procedures, and after removal of gloves. Proper
handwashing for most clinical settings involves removal
of jewelry, avoidance of clothing contact with the sink,
and a minimum of 10-15 seconds of hand scrubbing
with soap, warm water, and vigorous friction.

A surgical scrub is performed by members of the
surgical team who will come into contact with the ster-
ile field or sterile instruments and equipment. This pro-
cedure requires use of a long-acting, powerful, antimi-
crobial soap on the hands and forearms for a longer peri-
od of time than used for typical handwashing. Institu-
tional policy usually designates an acceptable minimum
length of time required; the CDC recommends at least
two to five minutes of scrubbing. Thorough drying is es-
sential, as moist surfaces invite the presence of
pathogens. Contact with the faucet or other potential
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contaminants should be avoided. The faucet can be
turned off with a dry paper towel, or, in many cases,
through use of a foot pedal. An important principle of
aseptic technique is that fluid (a potential mode of
pathogen transmission) flows in the direction of gravity.
With this in mind, hands are held below elbows during
the surgical scrub and above elbows following the surgi-
cal scrub. Despite this careful scrub, bare hands are al-
ways considered potential sources of infection.

Sterile surgical clothing or protective devices such
as gloves, face masks, goggles, and transparent eye/face
shields serve as barriers against microorganisms and are
donned to maintain asepsis in the operating room. This
practice includes covering facial hair, tucking hair out of
sight, and removing jewelry or other dangling objects
that may harbor unwanted organisms. This garb must be
put on with deliberate care to avoid touching external,
sterile surfaces with nonsterile objects including the
skin. This ensures that potentially contaminated items
such as hands and clothing remain behind protective bar-
riers, thus prohibiting inadvertent entry of microorgan-
isms into sterile areas. Personnel assist the surgeon to
don gloves and garb and arrange equipment to minimize
the risk of contamination.

Donning sterile gloves requires specific technique
so that the outer glove is not touched by the hand. A
large cuff exposing the inner glove is created so that the
glove may be grasped during donning. It is essential to
avoid touching nonsterile items once sterile gloves are
applied; the hands may be kept interlaced to avoid inad-
vertent contamination. Any break in the glove or touch-
ing the glove to a nonsterile surface requires immediate
removal and application of new gloves.

Asepsis in the operating room or for other invasive
procedures is also maintained by creating sterile surgical
fields with drapes. Sterile drapes are sterilized linens
placed on the patient or around the field to delineate ster-
ile areas. Drapes or wrapped kits of equipment are
opened in such a way that the contents do not touch non-
sterile items or surfaces. Aspects of this method include
opening the furthest areas of a package first, avoiding
leaning over the contents, and preventing opened flaps
from falling back onto contents.

Equipment and supplies also need careful attention.
Medical equipment such as surgical instruments can be
sterilized by chemical treatment, radiation, gas, or heat.
Personnel can take steps to ensure sterility by assessing
that sterile packages are dry and intact and checking
sterility indicators such as dates or colored tape that
changes color when sterile.

INTRAOPERATIVE PRACTICES AND PROCEDURES. In
the operating room, staff have assignments so that those
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who have undergone surgical scrub and donning of ster-
ile garb are positioned closer to the patient. Only
scrubbed personnel are allowed into the sterile field.
Arms of scrubbed staff are to remain within the field at
all times, and reaching below the level of the patient or
turning away from the sterile field are considered
breaches in asepsis.

Other “unscrubbed” staff members are assigned to
the perimeter and remain on hand to obtain supplies, ac-
quire assistance, and facilitate communication with out-
side personnel. Unscrubbed personnel may relay equip-
ment to scrubbed personnel only in a way that preserves
the sterile field. For example, an unscrubbed nurse may
open a package of forceps in a sterile fashion so that he
or she never touches the sterilized inside portion, the
scrubbed staff, or the sterile field. The uncontaminated
item may either be picked up by a scrubbed staff mem-
ber or carefully placed on to the sterile field.

The environment contains potential hazards that
may spread pathogens through movement, touch, or
proximity. Interventions such as restricting traffic in the
operating room, maintaining positive-pressure airflow
(to prevent air from contaminated areas from entering
the operating room), or using low-particle generating
garb help to minimize environmental hazards.

Other principles that are applied to maintain asepsis
in the operating room include:

» All items in a sterile field must be sterile.

« Sterile packages or fields are opened or created as close
as possible to time of actual use.

» Moist areas are not considered sterile.
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Aseptic technique

» Contaminated items must be removed immediately
from the sterile field.

* Only areas that can be seen by the clinician are consid-
ered sterile (i.e., the back of the clinician is not sterile).

» Gowns are considered sterile only in the front, from
chest to waist and from the hands to slightly above the
elbow.

« Tables are considered sterile only at or above the level
of the table.

» Nonsterile items should not cross above a sterile field.

e There should be no talking, laughing, coughing, or
sneezing across a sterile field.

* Personnel with colds should avoid working while ill or
apply a double mask.

» Edges of sterile areas or fields (generally the outer
inch) are not considered sterile.

* When in doubt about sterility, discard the potentially
contaminated item and begin again.

* A safe space or margin of safety is maintained between
sterile and nonsterile objects and areas.

* When pouring fluids, only the lip and inner cap of the
pouring container is considered sterile; the pouring
container should not touch the receiving container, and
splashing should be avoided.

« Tears in barriers and expired sterilization dates are con-
sidered breaks in sterility.

Other clinical settings

A key difference between the operating room and
other clinical environments is that the operating area has
high standards of asepsis at all times, while most other
settings are not designed to meet such standards. While
clinical areas outside of the operating room generally do
not allow for the same strict level of asepsis, avoiding
potential infection remains the goal in every clinical set-
ting. Observation of medical aseptic practices will help
to avoid nosocomial infections. The application of asep-
tic technique in such settings is termed medical asepsis
or clean technique (rather than surgical asepsis or sterile
technique required in the operating room).

Specific situations outside of the operating room re-
quire a strict application of aseptic technique. Some of
these situations include:

 wound care

* drain removal and drain care
« intravascular procedures

» vaginal exams during labor

» insertion of urinary catheters
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* respiratory suction

For example, a surgical dressing change at the bed-
side, though in a much less controlled environment than
the operating room, will still involve thorough hand-
washing, use of gloves and other protective garb, cre-
ation of a sterile field, opening and introducing packages
and fluids in such a way as to avoid contamination, and
constant avoidance of contact with nonsterile items.

General habits that help to preserve a clean medical
environment include:

« safe removal of hazardous waste, i.e., prompt disposal
of contaminated needles or blood-soaked bandages to
containers reserved for such purposes

» prompt removal of wet or soiled dressings

e prevention of accumulation of bodily fluid drainage,
i.e., regular checks and emptying of receptacles such as
surgical drains or nasogastric suction containers

« avoidance of backward drainage flow toward patient,
i.e., keeping drainage tubing below patient level at all
times

» immediate clean-up of soiled or moist areas

« labeling of all fluid containers with date, time, and
timely disposal per institutional policy

* maintaining seals on all fluids when not in use

The isolation unit is another clinical setting that re-
quires a high level of attention to aseptic technique. Iso-
lation is the use of physical separation and strict aseptic
technique for a patient who either has a contagious dis-
ease or is immunocompromised. For the patient with a
contagious disease, the goal of isolation is to prevent the
spread of infection to others. In the case of respiratory
infections (i.e., tuberculosis), the isolation room is espe-
cially designed with a negative pressure system that pre-
vents airborne flow of pathogens outside the room. The
severely immunocompromised patient is placed in re-
verse isolation, where the goal is to avoid introducing
any microorganisms to the patient. In these cases, atten-
tion to aseptic technique is especially important to avoid
spread of infection in the hospital or injury to the patient
unprotected by sufficient immune defenses. Entry and
exit from the isolation unit involves careful handwash-
ing, use of protective barriers like gowns and gloves, and
care not to introduce or remove potentially contaminated
items. Institutions supply specific guidelines that direct
practices for different types of isolation, i.e., respiratory
versus body fluid isolation precautions.

In a multidisciplinary setting, all personnel must
constantly monitor their own movements and practices,
those of others, and the status of the overall field to pre-
vent inadvertent breaks in sterile or clean technique. It is
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KEY TERMS

Clean—To remove dirt and other impurities.

Contamination—A breach in the preservation of a
clean or sterile object or environment.

Disinfect—To remove most microorganisms but
not highly resistant ones.

Host—A living organism that harbors or potential-
ly harbors infection.

Immunocompromised—Lacking or deficient in
defenses provided by the immune system, usually
due to disease state or a side effect of treatment.

Invasive—Involving entry into the body.

Nosocomial—Occurring in the hospital or clinical
setting.

Pathogen—A disease-causing organism.

Resistant organisms—Organisms that are difficult
to eradicate with antibiotics.

Sanitize—To reduce the number of microorgan-
isms to safe levels.

Sterile—Completely free of pathogens.

expected that personnel will alert other staff when the
field or objects are potentially contaminated. Health care
workers can also promote asepsis by evaluating, creat-
ing, and periodically updating policies and procedures
that relate to this principle.
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Aspirin
Definition

Aspirin is a medication given to relieve pain and re-
duce fever. The name “aspirin” was originally a trademark,
first used when the drug was introduced in Europe in 1899.
Aspirin was developed by a German chemist named Felix
Hoffman as a treatment for his father’s arthritis.

Purpose

Aspirin is still used to relieve many kinds of minor
aches and pains—headaches, toothaches, muscle pain,
menstrual cramps, joint pains associated with arthritis, and
the general achiness that many people experience with
colds and flu. Some people take aspirin daily to reduce the
risk of stroke, heart attack, or other heart problems.

Description

Aspirin, also known as acetylsalicylic acid, is not a
prescription drug. It is sold over the counter in many
forms, from the familiar white tablets to chewing gum and
rectal suppositories. Coated, chewable, buffered, and ex-
tended-release forms are available. Many other over-the-
counter medications contain aspirin. Alka-Seltzer Original
Effervescent Antacid Pain Reliever (R), for example, con-
tains aspirin for pain relief as well as sodium bicarbonate
to relieve acid indigestion, heartburn, and sour stomach.

Aspirin belongs to a group of drugs called salicy-
lates. Other members of this group include sodium sali-
cylate, choline salicylate, and magnesium salicylate.
These drugs are more expensive and no more effective
than aspirin; however, they are a little easier on the pa-
tient’s stomach. Aspirin is quickly absorbed into the
bloodstream and provides rapid and relatively long-last-
ing pain relief. Aspirin in high doses also reduces in-
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Aspirin

flammation. Researchers believe these effects are due to
aspirin’s ability to block the production of pain-produc-
ing chemicals called prostaglandins.

In addition to relieving pain and reducing inflamma-
tion, aspirin also lowers fever by acting on the hypothala-
mus, which is the part of the brain that regulates tempera-
ture. The brain then signals the blood vessels to dilate
(widen), which allows heat to leave the body more quickly.

Recommended dosage
Adults

PAIN RELIEF OR FEVER REDUCTION. The usual
dosage is one to two tablets every three to four hours, up
to six times per day.

RISK REDUCTION FOR STROKE. One tablet four
times a day or two tablets twice a day.

RISK REDUCTION FOR HEART ATTACK. Aspirin may
be used as a first-line treatment for a heart attack. The
patient should chew a single uncoated aspirin tablet,
since chewing makes it easier for the body to absorb the
medication rapidly. Aspirin will not stop a heart attack,
and proper emergency care is essential; however, an as-
pirin tablet may reduce the amount of damage done by
the heart attack.

Patients should check with a physician for the prop-
er dose and number of times per week they should take
aspirin to reduce the risk of a heart attack. The most
common dose for this purpose is a single baby aspirin
tablet taken daily. Enteric-coated aspirin is often used,
since it reduces the risk of stomach irritation.

Children

Parents should consult the child’s physician about
the proper dosage for their child’s condition.

Precautions

Aspirin—even children’s aspirin—should never be
given to children or teenagers with flu-like symptoms or
chickenpox. Aspirin can cause Reye’s syndrome, a life-
threatening condition that affects the nervous system and
liver. As many as 30% of children and teenagers who de-
velop Reye’s syndrome die. Those who survive may
have permanent brain damage.

Parents should consult a physician before giving as-
pirin to a child under 12 years of age for arthritis,
rheumatism, or any condition that requires long-term use
of the drug.

No one should take aspirin for more than 10 days in
a row unless instructed to do so by a physician. Anyone
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with fever should not take aspirin for more than three
days without a physician’s advice. In addition, no one
should take more than the recommended daily dosage.

People in the following categories should not use as-
pirin without first checking with their physician:

« Pregnant women. Aspirin can cause bleeding problems
in both the mother and the developing fetus. Aspirin
can also cause the infant’s weight to be too low at birth.

*« Women who are breastfeeding. Aspirin can pass into
breast milk and affect the baby.

« People with a history of bleeding problems.

» People who are taking such blood-thinning drugs as
warfarin (Coumadin).

* People who have had recent surgery. Aspirin increases
the risk of bleeding from an incompletely healed inci-
sion.

* People with a history of stomach ulcers.

» People with a history of asthma, nasal polyps, or both.
Patients with these disorders are more likely to be aller-
gic to aspirin.

* People who are allergic to fenoprofen, ibuprofen, in-
domethacin, ketoprofen, meclofenamate sodium, na-
proxen, sulindac, tolmetin, or an orange food coloring
known as tartrazine. They may also be allergic to aspirin.

* People with AIDS or AIDS-related complex who are
taking AZT (zidovudine). Aspirin can increase the risk
of bleeding in these patients.

« People taking any of the drugs listed below under Inter-
actions.

* People with liver damage or severe kidney failure.

Aspirin should not be taken before a surgical proce-
dure, as it can increase the risk of excessive bleeding
during surgery. People scheduled for an operation should
check with their surgeon to find out when they should
discontinue taking aspirin.

Aspirin can cause stomach irritation. Taking aspirin
with food or milk, or drinking an eight-ounce glass of
water with it may help to prevent damage to the stomach
lining. Some patients find that using coated or buffered
aspirin reduces the risk of stomach upset. Patients should
be aware, however, that drinking alcoholic beverages can
make the stomach irritation worse.

Patients with any of the following symptoms should
stop taking aspirin immediately and call their physician:

« a sensation of ringing or buzzing in the ears
* hearing loss

» dizziness
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KEY TERMS

Diuretic—A type of medication that increases the
amount of urine produced and relieves excess fluid
buildup in body tissues. Diuretics may be used in
treating high blood pressure, lung disease, pre-
menstrual syndrome, and other conditions.

Inflammation—A response to injury or illness
characterized by pain, redness, swelling, and
warmth.

Nonsteroidal anti-inflammatory drugs (NSAIDs)—
Drugs that relieve pain and reduce inflammation
but are not related chemically to cortisone. Com-
mon drugs in this class are aspirin, ibuprofen
(Advil, Motrin), naproxen (Aleve, Naprosyn), keto-
profen (Orudis), and several others.

Polyp—Any mass of tissue that grows out of a mu-
cous membrane in the digestive tract, uterus, or
elsewhere in the body.

Prostaglandin—A hormonelike chemical produced
in the body that has a variety of effects. Prosta-

« stomach pain that does not go away

Patients should discard any aspirin that has devel-
oped a vinegary smell. That is a sign that the medication
is too old and ineffective.

Side effects

The most common side effects of aspirin include
upset stomach, heartburn, loss of appetite, and small
amounts of blood in the stool. Less common side effects
are rashes, hives, fever, vision problems, liver damage,
thirst, stomach ulcers, and bleeding. People with asthma,
rhinitis, polyps in the nose, or allergies to aspirin may
have trouble breathing after taking the drug.

Interactions

Aspirin may increase, decrease, or change the ef-
fects of many drugs. Aspirin can increase the toxicity of
such drugs as methotrexate (Rheumatrex) and valproic
acid (Depakote, Depakene). Taken with such blood-thin-
ning drugs as warfarin (Coumadin) and dicumarol, as-
pirin can increase the risk of excessive bleeding. Aspirin
counteracts the effects of certain other drugs, including
angiotensin-converting enzyme (ACE) inhibitors and
beta blockers, which lower blood pressure, and medi-
cines used to treat gout (probenecid and sulfinpyrazone).
Blood pressure may drop unexpectedly and cause faint-
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glandins may be responsible for the production of
some types of pain and inflammation.

Reye’s syndrome—A life-threatening disease that
affects the liver and the brain and sometimes oc-
curs after a viral infection, such as flu or chicken-
pox. Children or teenagers who are given aspirin
for flu or chickenpox are at increased risk of devel-
oping Reye’s syndrome.

Rhinitis—Inflammation of the membranes inside
the nose.

Salicylates—A group of drugs that includes aspirin
and related compounds. Salicylates are used to re-
lieve pain, reduce inflammation, and lower fever.

Stroke—An event that impairs the circulation of
the brain. Ischemic stroke is caused by a blood clot
in the brain. Hemorrhagic stroke is caused by
bleeding into the brain.

ing or dizziness if aspirin is taken along with nitroglyc-
erin tablets. Aspirin may also interact with diuretics, di-
abetes medications, other nonsteroidal anti-inflamma-
tory drugs (NSAIDs), seizure medications, and steroids.
Anyone who is taking these drugs should ask his or her
physician whether they can safely take aspirin.

Resources

BOOKS
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Wilson, Billie Ann, RN, PhD, Carolyn L. Stang, PharmD, and
Margaret T. Shannon, RN, PhD. Nurses Drug Guide 2000.
Stamford, CT: Appleton and Lange, 1999.
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Cryer, B. “Gastrointestinal Safety of Low-Dose Aspirin.”
American Journal of Managed Care 8 (December 2002)
(22 Suppl): S701-S708.

Grattan. C. E. “Aspirin Sensitivity and Urticaria.” Clinical and
Experimental Dermatology 28 (March 2003): 123-127.

MacDonald, T. M., and L. Wei. “Effect of Ibuprofen on Cardio-
protective Effect of Aspirin.” Lancet 361 (February 15,
2003): 573-574.

Nordenberg, Tamar. “‘An Aspirin a Day’— Just Another
Cliché?” FDA Consumer (March-April 1999): 2-4.
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Autologous blood donation

ORGANIZATIONS

American Society of Health-System Pharmacists (ASHP).
7272 Wisconsin Avenue, Bethesda, MD 20814. (301) 657-
3000. <www.ashp.org>.

Aspirin Foundation of America. (800) 432-3247; fax (202)
737-8406. <www.aspirin.org>.

United States Food and Drug Administration (FDA). 5600
Fishers Lane, Rockville, MD 20857-0001. (888) INFO-
FDA. <www.fda.gov>.

Nancy Ross-Flanigan
Sam Uretsky, PharmD

Atrial fibrillation surgery see Maze
procedure for atrial fibrillation

Atrial septal defect surgery see Heart
surgery for congenital defects

Autograft see Skin grafting

Autologous blood donation
Definition

Autologous blood donation is the process of donat-
ing one’s own blood prior to an elective surgical or med-
ical procedure to avoid or reduce the need for an allo-
geneic blood transfusion (from a volunteer blood donor).

Purpose

Blood transfusions are given to restore lost blood, to
improve clotting time, and to improve the ability of the
blood to deliver oxygen to the body’s tissues. There are
some disadvantages to traditional allogeneic blood trans-
fusions. Although strict regulations are in place to ensure
correct matching by blood type, errors in this process
can lead to the transfusion of mismatched blood, which
can cause a serious and sometimes fatal adverse reaction
called transfusion reaction. In addition, while donated
blood is rigorously tested for infectious agents such as
human immunodeficiency virus (HIV) and hepatitis,
there is always a chance that an infectious disease may
be transmitted via allogeneic transfusion.

The donation and transfusion of autologous blood
has arisen as an alternative to allogeneic blood transfu-
sion. Autologous donation is indicated for an elective
surgical or medical procedure in which the likelihood of
a blood transfusion is high. Such procedures include
surgery on the heart, blood vessels, bones, and chest.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Blood may be donated at a hospital or a blood
donor center. The procedure of blood donation
is generally performed by a nurse or phle-
botomist (a person trained to draw blood).

Some of the advantages of autologous blood dona-
tion include:

« The patient is assured that the blood is an exact match
to his or her blood type, thereby avoiding transfusion
reaction.

* There is no risk of inadvertently transmitting infectious
agents.

« Autologous blood donations supplement the communi-
ty blood supply.

* The process of donating blood promotes blood cell pro-
duction by bone marrow.

« The patient is often reassured by the knowledge that his
or her own blood will be used if a blood transfusion be-
comes necessary.

Some disadvantages to autologous blood donation
do exist, which include:

« Contamination of autologous blood with infectious
agents is possible during the donation process.

* There is a possibility that a patient’s blood will be mis-
labeled or that allogeneic blood will be inadvertently
transfused.

* Autologous blood donation costs more to process and
store.

* Blood may be transfused unnecessarily because an au-
tologous blood supply exists.

* Unused units of autologous blood are usually disposed
of; approximately 44% of autologous donations remain
unused after surgery.

Demographics

Autologous blood donations account for approximate-
ly 5% of all blood donated in the United States each year.

Description

The most common form of autologous donation is
called preoperative autologous blood donation (PABD).
PABD is generally indicated when there is a reasonable
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chance that a blood transfusion will become necessary,
when the patient is in adequate health to donate blood,
and when there is sufficient preoperative time for the pa-
tient to donate. As the shelf life of liquid blood is approx-
imately 42 days, the patient may begin donating up to six
weeks before the scheduled procedure. It is generally rec-
ommended that a patient donate no more than once or
twice a week, and no later than 72 hours before surgery.

The PABD process is similar to the process of donat-
ing allogeneic blood. A tourniquet is placed on the upper
arm to increase the pressure in the arm veins and make
them swell and become more accessible. Once a suitable
vein is identified, the area where the needle will be insert-
ed is sterilized by washing with soap solution or an io-
dine-containing antiseptic. The donor lies on a bed or cot
during the procedure, which takes about 10 minutes.
Blood is collected in sterile plastic bags that hold one pint
(450 ml). The bags contain an anticoagulant to prevent
clotting and preservatives to keep the blood cells alive.

The collected blood may then be transfused during
and/or after surgery in a similar manner to allogeneic
blood. If the amount transfused is less than anticipated or
if no blood was necessary, then the autologous blood is
generally disposed of (since the restrictions placed on
volunteer donors are stricter than those on autologous
donors). If the patient’s surgery is postponed, the donat-
ed blood may be frozen and stored until the procedure is
rescheduled.

Acute normo-volemic hemodilution (ANH) is a
variant of autologous donation in which a volume of the
patient’s blood is removed directly before surgery and
replaced with fluids so that any blood lost during surgery
has a lower red blood cell count (i.e., the red blood cells
have been diluted). The removed blood is then reinfused
after surgery. Advantages to ANH are that no processing
and storage costs are necessary and the risk of contami-
nation during processing is reduced.

Blood may also be collected during surgery (intra-
operative blood salvage, or IBS) or after surgery (post-
operative blood salvage, PBS). IBS is commonly used
during cardiac, bone, transplant, and trauma surgery and
involves the use of specialized equipment to collect and
process the blood before reinfusion. PBS involves the
collection of blood from drainage tubes, although gener-
ally this volume is small.

Diagnosis/Preparation

Patients must meet certain selection criteria before
donating their own blood for future use. In the case of
PABD, there must be sufficient time before the procedure
to safely collect enough blood. A patient must be med-

GALE ENCYCLOPEDIA OF SURGERY

QUESTIONS TO ASK
THE DOCTOR

* What is the chance that | will require a blood
transfusion for my upcoming surgical proce-
dure?

* Do | qualify to be an autologous blood donor?

* Where will blood collection take place and
how many units should I donate?

¢ What will happen to my donated blood if my
surgery is postponed or cancelled?

ically stable, have no active infection, and have a close-
to-normal red blood cell count to quality for PABD.

Aftercare

Individuals who donate blood are generally given
fluids and/or light refreshments to prevent possible side
effects such as dizziness and nausea. Iron supplements
may be prescribed to prevent or treat anemia (low red
blood cell count).

Risks

Complications associated with autologous blood do-
nation are similar to those associated with allogeneic
blood donation. These include dizziness, fainting, profuse
sweating, hyperventilation, and/or low blood pressure.
(This collection of symptoms is called a vasovagal re-
sponse.) Among patients with heart disease, there is an in-
creased risk of cardiac complications after donating blood.

Risks associated with autologous blood transfusion
include transfusion reaction if an allogeneic blood trans-
fusion was inadvertently given and transmission of in-
fectious agents if the blood became contaminated.
Symptoms of transfusion reaction include general dis-
comfort, anxiety, breathing difficulties, dizziness, itch-
ing, fever, headache, rash, and swelling. Patients who are
given too much blood can develop high blood pressure,
which is a concern for people who have heart disease.
Very rarely, an air embolism is created when air is intro-
duced into a patient’s veins through the tubing used for
intravenous infusion.

Normal results

If a patient loses enough blood during a surgical or
medical procedure to warrant a blood transfusion, a trans-
fusion of autologous blood will under normal circum-
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Axillary dissection

KEY TERMS

Allogeneic blood transfusion—Blood that has
originated from volunteer blood donor (i.e., not
the patient).

Directed donation—Blood donated by a patient’s
family member or friend, to be used by the patient.

Vasovagal reaction—A collection of symptoms
that includes dizziness, fainting, profuse sweating,
hyperventilation, and/or low blood pressure that
occurs in a small percentage of individuals who
donate blood.

stances confer the same benefits as a transfusion of allo-
geneic blood with none of the associated risks (i.e., trans-
fusion reaction or transmission of infectious agents).

Morbidity and mortality rates

One study found the risk of a complication requiring
hospitalization to be one in approximately 17,000 among
autologous blood donors, and one in approximately
200,000 among volunteer blood donors. The most com-
mon complication is a vasovagal reaction, although ap-
proximately 12% of patients requiring hospitalization
have angina (chest pain resulting from inadequate supply
of oxygen to the heart). There is a higher chance of a
vasovagal reaction with autologous blood donation than
with allogeneic blood donation.

Alternatives

Allogeneic blood is a more commonly used alterna-
tive to autologous blood and accounts for 95% of all blood
donations in the United States. Patients may also choose
to have blood donated by family or friends, a process
called directed donation. For patients who are interested in
avoiding a blood transfusion, alternatives include:

* Volume expanders. Certain fluids (saline, Ringer’s lac-
tate solution, dextran, etc.) may be used to increase the
volume of blood.

* Blood substitutes. Much research is currently being
done into compounds that can replace some or all of
the functions of blood components. One such com-
pound, called HBOC-201, or Hemopure, is derived
from bovine (cow) blood and is showing promise as a
substitute for red blood cell transfusion.

* Bloodless surgery. It may be possible to avoid exces-
sive blood loss through careful planning prior to
surgery. Specialized instruments can minimize the
amount of blood lost during a procedure.
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Automatic implantable cardioverter-
defibrillator see Implantable
cardioverter-defibrillator

Axillary dissection
Definition

Axillary dissection is a surgical procedure that incis-
es (opens) the armpit (axilla or axillary) to identify, ex-
amine, or remove lymph nodes (small glands, part of the
lymphatic system, which filters cellular fluids).

Purpose

Axillary dissection is utilized to stage breast cancer
in order to determine the necessity of further treatment
based on cancer cell spread. Additionally, axillary dis-
section includes removal and pathological examination
of axillary lymph nodes for persons having operable
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Axillary dissection
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To determine the advancement of breast cancer, lymph nodes in the armpit are removed. An incision is made (A), and lymph
nodes are removed and tested (B), leaving a small scar (C). (/llustration by GGS Inc.)

breast cancer. The anatomy of the axilla is complex and
composed of several critical nerves, arteries, and mus-
cles. Because of this complex anatomy and connection
with the breast, the axilla is a common route for possible
metastatic (cancer cell spread to distant areas within the
body) involvement from breast cancer. The absence or
presence of cancer cells in axillary lymph nodes is the
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most power prognostic (outcome) indicator for breast
cancer. Axillary dissection is an accurate procedure for
axillary node assessment (removal and pathological ex-
amination). Clinical examination of the breast (more
specifically palpation, or feeling the affected area for
lumps) for the axillary region is inaccurate and unreli-
able. The only method to identify whether or not a
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Axillary dissection

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

The procedure is performed in a hospital
equipped to perform major surgery. A general
surgeon usually performs the operation with
specialized formal training in surgical oncolo-
gy (the specialty of surgery that provides surgi-
cal treatment for operable cancers).

lymph node has cancer cells, is to surgically remove the
node and perform examination with a microscope to de-
tect abnormal cancer cells.

Demographics

If axillary dissection is not performed, recurrence of
cancer in the armpit is common even after breast surgery.
Recent evidence suggests that persons who underwent
lumpectomy alone without axillary dissection had a 10-
year average recurrence rate of 28% in the axilla. Gener-
ally, recent evidence also suggests that the more nodes
and tissues removed in the axilla, the lower the risk of re-
currence of cancer. Research also indicates that 10-year
axillary cancer recurrence rates are low (10% for node
negative and 3% for node positive) for women who have
mastectomy and axillary node removal. The recurrence
rate for breast cancer is approximately 17% for women
who did not have axillary node removal.

Description

Lymph nodes (or lymph glands) are filtering centers
for the lymphatic system (a system of vessels that col-
lects fluids from cells for filtration and reentry into the
blood). Additionally, there is a complex arrangement of
muscles, tissues, nerves and blood vessels. Axillary dis-
section is surgically explained in terms of three levels.
Level I axillary dissection is also called lower axillary
dissection because it is the removal of all tissue below
the axillary vein and extending to the side where the ax-
illary vein crosses the tendon of a muscle called the latis-
simus dorsi. Level II dissection is continuous—it in-
cludes the removal of level tissues and further extensive
removal of cancerous tissues. Level II dissection re-
moves diseased tissues deeper in the middle (medial)
area of another muscle called the pectoralis minor. Level
III dissection is the most aggressive breast cancer axil-
lary surgery, and it entails the removal of all nodal tissue
(tissues related to the lymphatic system) from the axilla.
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Diagnosis/Preparation

Operable breast cancer is the primary indication for
axillary dissection. Persons receiving this surgery have
been diagnosed with breast cancer and are undergoing
surgical removal of the breast. Diagnosis of breast can-
cer typically involves palpation of a lump (mass), and
other tests such as mammography (special type of x ray
used to visualize deep into breast tissues) and biopsy.
The specific diagnosis to estimate the extent of axillary
(cancerous) involvement can be made by performing a
sentinel node biopsy. The sentinel node is the first lymph
node that drains fluid from the primary tumor site. If
there is no presence of cancerous cells in the sentinel
node, the likelihood that higher echelon lymph nodes
have cancer is very small. Conversely, if cancerous cells
are detected in the sentinel node, then axillary dissection
is recommended.

Preparation for axillary dissection is the same as
that for modified radical mastectomy. This includes but
is not limited to preoperative assessments (special tests
and blood analysis), patient education, postoperative
care, and follow-up consultations with surgeon and can-
cer specialist (medical hematologist/oncologist). Psy-
chotherapy and/or community-centered support group
meetings may also be beneficial to treatment.

Aftercare

One of the major problems that can result from axil-
lary lymph node removal is lymphedema (fluid accumu-
lation in the arm). Postoperative aftercare should include
the use of compression garments, pneumatic compres-
sion pumps, and massage to combat fluid retention. Ad-
ditionally, persons may have pain and should discuss this
with the attending surgeon. Other surgical measures for
aftercare should be followed similar to persons receiving
a modified radical mastectomy. Skin care is important
and caution should be exercised to avoid cuts, bites, and
skin infections in the affected area. Further measures to
control lymphedema can include arm exercises and
maintenance of normal weight.

Risks

There are several direct risks associated with axil-
lary surgery. A recent study indicated that approximately
31% of persons may have numbness and tingling of the
hand and 10% develop carpal tunnel syndrome. In fe-
males who have had a previous breast surgery before the
axillary surgery, recurrent wound infections and progres-
sion of lymphedema can occur. Additionally, persons
may also feel tightness and heaviness in the arm as a re-
sult of lymphedema.
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QUESTIONS TO ASK
THE DOCTOR

* How do | prepare for the procedure?
* How long does it take to know the results?
* What postoperative care will be needed?

e What are the possible risks involved in this
procedure?

Normal results

Normal results can include limited but controlled lym-
phedema and adequate wound healing. Persons receiving
axillary dissection due to breast cancer require several
weeks of postoperative recovery to regain full strength.

Morbidity and mortality rates

Sickness and/or death are not necessarily related to
axillary surgery per se. Rather, breast cancer outcome is
related to breast cancer staging. Staging determined by
axillary surgery can yield valuable information concern-
ing disease progression. Early stage (stage I) breast can-
cer usually has a better outcome, whereas advance stage
cancer (stage 4) is correlated with a 10-year survival rate.

Alternatives

Currently research does not support other therapies.
Further study is required but other therapies are currently
not recommended. There are no adequate alternatives to
axillary surgery in breast cancer persons. The most recent
evidence suggests that removal of lymph nodes and tissues
in the armpit is correlated with elevated survival rates.

Resources

BOOKS

Noble, John. Textbook of Primary Care Medicine. 3rd ed. St.
Louis, MO: Mosby, Inc., 2001.

Townsend, Courtney. Sabiston Textbook of Surgery. 16th ed. St.
Louis: W. B. Saunders Company, 2001.
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Cantin, J., H. Scarth, M. Levine, and M. Hugi. “Clinical prac-
tice guidelines for the care and treatment of breast can-
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KEY TERMS

Axillary vein—A blood vessel that takes blood
from tissues back to the heart to receive oxygenat-
ed blood.

Latissimus dorsi—In Latin, this muscle literally
means “widest of the back.” This is a large fan-
shaped muscle that covers a wide area of the back.

Lymph nodes—Small masses of lymphoid tissue
that are connected to lymphatic vessels.

Lymphatic system—Part of the cardiovascular sys-
tem, lymphatic vessels will bring fluids from cells
(cellular debris) for filtration in lymph nodes. Fil-
tered fluid is returned back to the blood circulation.

Lymphedema—Retention of lymph fluid in an af-
fected (affected by surgery or disease) area.

Pectoralis minor—A triangular-shaped muscle in
front of (anterior) the axilla.

Tendon—Attaches muscle to bone.

cer.” Canadian Medical Association Journal 165 (July 24,
2001).

Fiorica, James. “Prevention and Treatment of Breast Cancer.”
Obstetrics and Gynecology Clinics 28 (December 2001).

Hugi,M. R., I. A. Olivotto, and S. R. Harris. “Clinical practice
guidelines for the care and treatment of breat
cancer:11.Lymphedema.” Canadian Medical Association
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Balloon angioplasty see Angioplasty

Balloon valvuloplasty
Definition

Balloon valvuloplasty, also called percutaneous bal-
loon valvuloplasty, is a surgical procedure used to open a
narrowed heart valve. The procedure is sometimes referred
to as balloon enlargement of a narrowed heart valve.

Purpose

Balloon valvuloplasty is performed on children and
adults who have a narrowed heart valve, a condition
called stenosis. The goal of the procedure is to improve
valve function and blood flow by enlarging the valve
opening. It is sometimes used to avoid or delay open
heart surgery and valve replacement.

There are four valves in the heart—the aortic valve,
pulmonary valve, mitral valve, and tricuspid valve—each
at the exit of one of the heart’s four chambers. These
valves open and close to regulate the blood flow from
one chamber to the next and are vital to the efficient
functioning of the heart and circulatory system. Balloon
valvuloplasty is used primarily to treat pulmonary, mi-
tral, and aortic valves when narrowing is present and
medical treatment has not corrected or relieved the relat-
ed problems. With mitral stenosis, for example, medical
solutions are typically tried first, such as diuretic therapy
(reducing excess fluid), anticoagulant therapy (thinning
the blood and preventing blood clots), or blood pressure
medications. Valvuloplasty is recommended for those
patients whose symptoms continue to progress even after
taking such medications for a period of time.

Valvular stenosis can be a congenital defect (devel-
ops in the fetus and is present at birth) or can be ac-
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quired, that is to stem from other conditions. Mitral
valve stenosis in adults, for example, is rarely congenital
and is usually acquired, either a result of having
rheumatic fever as a child or developing calcium ob-
struction in the valve later in life. Pulmonary stenosis is
almost entirely congenital. Aortic stenosis usually does
not produce symptoms until the valve is 75% blocked;
this occurs over time and is consequently found in peo-
ple between the ages of 40 and 70. Tricuspid stenosis is
usually the result of rheumatic fever; it occurs less fre-
quently than other valve defects.

Childhood symptoms of valve narrowing may in-
clude heart dysfunction, heart failure, blood pressure ab-
normalities, or a murmur. Adult symptoms will likely
mimic heart disease and may include blood pressure ab-
normalities, shortness of breath, chest pain (angina), ir-
regular heart beat (arrhythmia), or fainting spells (syn-
cope). Electrocardiogram (EKG), x ray, and angiogra-
phy (a special x-ray examination using dye in the vascu-
lar system) may be performed to identify valvular heart
problems. Depending on the severity of symptoms, car-
diac catheterization may also be performed to examine
heart valve function prior to recommending a surgical
procedure. Valvular angioplasty is performed in children
and adults to relieve stenosis. While it offers relief, it does
not always cure the problem, particularly in adults, and
often valvotomy (cutting the valve leaflets to correct the
opening) or valve replacement is necessary at a later date.

Demographics

Congenital heart-valve disease occurs in one of every
1,000 newborns and is thought to be caused by inherited
factors. In 2—4% of valve problems, health or environ-
mental factors affecting the mother during pregnancy are
believed to contribute to the defect. Pulmonary valve
stenosis represents about 10% of all congenital heart
problems. About 5% of all cardiac defects are stenosis of
the aortic valve. Valve abnormalities are diagnosed in
children and adults of both sexes; 80% of adult patients
with stenosis are male, most adults with mitral stenosis
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Balloon valvuloplasty

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Balloon valvuloplasty is performed in a hospital
cardiac catheterization laboratory, a special
room much like an operating room, by a cardi-
ologist or vascular surgeon.

are women who had rheumatic fever as a child. Tricuspid
stenosis is rarely found in North America and Europe.

Description

In balloon valvuloplasty, a thin tube (catheter) with a
small deflated balloon at its tip (balloon-tipped catheter)
is inserted through the skin in the groin area into a blood
vessel, and then is threaded up to the opening of the nar-
rowed heart valve. The balloon is inflated to stretch the
valve open and relieve the valve obstruction.

The procedure, which takes up to four hours, is per-
formed in a cardiac catheterization laboratory that has a
special x-ray machine and an x-ray monitor that looks like
a regular TV screen. The patient will be placed on an x-ray
table and covered with a sterile sheet. An area on the inside
of the upper leg will be washed and treated with an an-
tibacterial solution to prepare for the insertion of a catheter.
The patient is given local anesthesia to numb the insertion
site and will usually remain awake, able to watch the pro-
cedure on the monitor. After the insertion site is prepared
and anesthetized, the cardiologist inserts a catheter into the
appropriate blood vessel, then passes the smaller balloon-
tipped catheter through the first catheter. Guided by the x-
ray monitor that allows visualization of the catheter in the
blood vessel, the physician slowly threads the catheter up
into the coronary artery to the heart. The deflated balloon is
carefully positioned in the opening of the valve that is
being treated, and then is inflated repeatedly, which applies
pressure to dilate the valve. The inflated balloon widens
the valve opening by splitting the valve leaflets apart. Once
the valve is widened, the balloon-tipped catheter is re-
moved. The other catheter remains in place for six to 12
hours because, in some cases, the procedure must be re-
peated. A double-balloon valvuloplasty procedure is often
performed on certain high-risk patients because it is con-
sidered more effective in restoring blood flow.

Preparation

For at least six hours before balloon valvuloplasty,
the patient will have to avoid eating or drinking any-

142

QUESTIONS TO ASK
THE DOCTOR

* Why do | need this procedure?
e What will | gain by having the procedure?
» What kind of anesthesia will I have?

e Will | be uncomfortable during or after the
procedure?

e Will I be able to continue all my normal ac-
tivities when | go home? How soon after the
surgery can | return to school/work?

e Will | need any follow-up care or tests after
the surgery?

* How often do you perform this procedure?

* Do most people who have this procedure feel
better afterwards?

thing. An intravenous line is inserted so that medications
(anticoagulants to prevent clot formation and radioactive
dye for x rays) can be administered. The patient’s groin
area is shaved and cleaned with an antiseptic. About an
hour before the procedure, the patient is given an oral
sedative such as diazepam (Valium) to ensure that he or
she will relax sufficiently for the procedure.

Aftercare

After balloon valvuloplasty, the patient will spend
several hours in the recovery room to be monitored for
vital signs (such as heart rate and breathing) and heart
sounds. During this time, electrical leads attached to an
EKG machine will be placed on the patient’s chest and
limbs, and a monitor will display the electrical impulses of
the heart continuously, alerting nurses quickly if any ab-
normality occurs. For at least 30 minutes after removal of
the catheter, direct pressure is applied to the site of inser-
tion; after this a pressure dressing will be applied. The
skin condition is monitored. The insertion site will be ob-
served for bleeding until the catheter is removed. The leg
in which the catheter was inserted is temporarily prevent-
ed from moving. Intravenous fluids will be given to help
eliminate the x-ray dye; intravenous anticoagulants or
other medications may be administered to improve blood
flow and to keep coronary arteries open. Pain medication
is administered as-needed. Some patients will continue to
take anticoagulant medications for months or years after
the surgery and will have regular blood tests to monitor
the effectiveness of the medication.

Following discharge from the hospital, the patient
can usually resume normal activities. After balloon
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KEY TERMS
Cardiac catheterization—A minimally invasive
technique that runs a catheter through blood ves-
sels into the heart to evaluate heart function. Fluo-
roscopy is used to observe the catheterization.

Dilate—To expand or open a valve or blood vessel.

Electrocardiography (EKG)—A method to mea-
sure the variations in the actions of the heart. An
EKG machine is used, which produces a chart, ei-
ther on paper or on a monitor, that shows the
wave-like patterns and indicates any irregularities.

Stenosis—The narrowing of any valve, especially
one of the heart valves, or the opening into the
pulmonary artery from the right ventricle.

Valve—Flaps (leaflets) of tissue in the passageways
between the heart’s upper and lower chambers.

valvuloplasty, lifelong follow-up is necessary because
valves sometimes degenerate or narrowing recurs, a con-
dition called restenosis, which will likely require repeat
valvulplasty, valvotomy, or valve replacement.

Risks

Balloon valvuloplasty can have serious complica-
tions. For example, the valve can become misshapen so
that it does not close completely, which makes the condi-
tion worse. Embolism, where either clots or pieces of
valve tissue break off and travel to the brain or the lungs
causing blockage, is another possible risk. If the proce-
dure causes severe damage to the valve leaflets, immedi-
ate valve replacement is required. Less frequent compli-
cations are bleeding and hematoma (a local collection of
clotted blood) at the puncture site, abnormal heart
rhythms, reduced blood flow, heart attack, heart punc-
ture, infection, and circulatory problems. Because
restenosis is frequent in adult patients with valvular dis-
ease, particularly when underlying heart disease or other
conditions are present, the procedure is recommended
only as an emergency rescue for high-risk patients who
are not candidates for valve replacement.

Normal results

Balloon valvuloplasty is considered a safe, effective
treatment in children with congenital stenosis, improving
heart function and blood flow. In adults, balloon valvulo-
plasty may give temporary relief and improve heart func-
tion and blood flow, but underlying coronary artery dis-
ease or other disease conditions may encourage resteno-
sis, making valve replacement eventually necessary. The
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most successful valvuloplasty results are achieved in
treating narrowed pulmonary valves, although the treat-
ment of mitral valve stenosis is also generally good. The
aortic valve procedure is more difficult to perform and is
generally less successful.

Resources
BOOKS

Heart Owner’s Handbook: Congenital Heart Disease and Dis-
eases of the Heart Valves. Texas Heart Institute, New
York: John Wiley & Sons, 1996.

Mayo Clinic Practice of Cardiology: Balloon Valvuloplasty.
3rd ed. Edited by Emilio R. Giuliani, et al. St. Louis:
Mosby, 1996.
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American Heart Association. 7320 Greenville Ave. Dallas, TX
75231. (214) 373-6300. <http://www.americanheart.org>.
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“Heart Valve Problems.” Aetna Intelihealth. [cited April 2003].
<http://www.intelihealth.com>.

Lori De Milto
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Bandages and dressings
Definition

Bandages and dressings are both used in wound
management. A bandage is a piece of cloth or other ma-
terial used to bind or wrap a diseased or injured part of
the body. Usually shaped as a strip or pad, bandages are
either placed directly against the wound or used to bind a
dressing to the wound. A dressing can consist of a wide
range of materials, sometimes containing medication,
placed directly against the wound.

Purpose

The purposes served by dressings include protecting
wounds; promoting healing; and providing, retaining, or
removing moisture. Bandages can be used to hold dress-
ings in place, to relieve pain, and generally to make the
patient comfortable. Elastic bandages are useful to pro-
vide ongoing pressure on wounds such as varicose veins,
fractured ribs, and swollen joints.

Description

In recent years, there have been tremendous advances
in the design and composition of bandages and dressings.
The field is becoming increasingly complex, and there are
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Bandages and dressings

numerous reports of health care workers applying inap-
propriate products. Wound-care materials come in a wide
variety of product classes, including the following:

« Alginate dressings. These are derived from brown sea-
weed and contain calcium alginate, which turns into a
sodium alginate gel when it comes in contact with
wound fluid. They are available as pads or ropes.

Biosynthetic dressings. These are composites of bio-
logical (often animal-derived) and synthetic materials
such as polymers.

Collagen dressings. These are made from collagen, a
protein obtained from cowhide, cattle tendons, or birds.
They are available as particles or gels.

Composite dressings. These are similar to plastic adhe-
sive strips and include an adhesive border, a non-adhe-
sive or semi-adhesive surface that is applied to the
wound, an absorbent layer, and a bacterial barrier.

Contact layers. A low-adherent layer of perforated or
woven polymer material designed to stop a secondary ab-
sorbent dressing from sticking to the surface of a wound.

Gauze. This woven fabric of absorbent cotton is avail-
able in a number of formats and materials, including
cotton or synthetic, non-impregnated, and impregnated
with water, saline, or other substances. Gauze is sold as
surgical swabs, sheets, rolls, pads, sponges, and ribbon.

Growth factors. These short-chain proteins affect spe-
cific target cells. They exist naturally in humans, and
can be transplanted from one part of the body to anoth-
er or manufactured outside the body.

Hydrocolloid dressings. Used for leg ulcers, minor
burns, pressure sores and traumatic injuries, these self-
adhesive dressings form a gel as they absorb fluid from
the wound. They consist of materials such as sodium
carboxymethylcellulose (an absorbent), pectin, and
gelatin that are attached to a foam sheet or a thin
polyurethane film.

Hydrofibers. Similar in appearance to cotton, car-
boxymethylcellulose fibers turn into a gel when they
come into contact with wound fluid. They are available
as ribbons or pads and are highly absorbent.

Hydrogels. These are sold as sheets and in gel form,
and are primarily used to supply moisture to wounds.
Depending on the state of the tissue, they can either ab-
sorb fluid or moisten the wound. An electrically con-
ductive aloe vera gel is available to provide electrother-
apy to wounds.

Hydropolymers. These foamed-gel products consist of
multiple layers. The surface layer is designed to expand
to fill the contours of a wound and, at the same time,
draw away fluids.
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» Leg compression/wrapping products. These are de-
signed to apply external pressure to improve blood flow
and resolve chronic edema in the feet and legs. They
are available in a broad range of formats, including
stockings, compression bandages, or pneumatic pump.

Polyurethane foam dressings. These are sheets of
foamed polymer solutions with small open chambers
that draw fluids away from the wound. Some of these
foam products offer adhesive surfaces. They are avail-
able as sheets and rolls, as well as in various other for-
mats suitable for packing wounds.

Skin substitutes. Also known as allografts or skin
equivalents, these are obtained from human cells cul-
tured and expanded in vitro from neonatal foreskins.

Superabsorbents. These are particles, hydropolymers,
or foams that act like the material inside diapers, with a
high capacity for rapid absorption.

Transparent films. These consist of a thin, clear
polyurethane sheet that, on one side, has a special ad-
hesive that does not stick to moist surfaces like those
found on a wound. They prevent bacteria and fluids
from entering the wound through the dressing, but
allow limited circulation of oxygen.

Wound fillers. These can be bought as powders or
pastes, or in strands or beads. They are used to fill
wounds and also absorb wound fluid.

» Wound pouches. Equipped with a special collection sys-
tem for wounds that have a high flow of secretion, they
are designed to contain odors and to be easily drained.

Other assorted wound-care products. These include ad-
hesive bandages, surgical tapes, adhesive skin closures,
surgical swabs, paste bandages, specialty absorptive
dressings, support bandages, retention bandages, elasti-
cized tubular bandages, lightweight elasticized tubular
bandages, foam-padded elasticized tubular bandages,
and plain stockinettes.

Just as there is a large selection of bandage and
dressing products to choose from, there is also a broad
range of applications for these products:

» Alginate dressings are used on wounds that exude mod-
erate to heavy amounts of fluid. They are useful for
packing wounds, although strip-packing gauze may be
preferable for deeper wounds because it is easier to re-
trieve. Common applications of alginate dressings in-
clude treatment of acute surgical wounds, leg ulcers, si-
nuses, and pressure sores. These dressings should not
be used on third-degree burns. Neither are they advis-
able for wounds that are dry or are secreting only small
amounts of fluid, because their powerful absorbing ca-
pability may dry out the wound. These are primary
dressings that need be covered by a secondary dressing.
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* Biosynthetic dressings are used on burns and other
wounds. Another application is as a temporary dressing
for skin autograft sites. Some persons may be allergic
to these dressing materials.

Collagen dressings are believed to hasten wound repair
and are often used on stubborn wounds. They are most
effective on wounds that contain no dead tissue. Colla-
gen dressings should not be used in dry wounds, third-
degree burns, or on any patient who is sensitive to
bovine (cow) products.

Composite dressings are sometimes used alone, some-
times in combination with other dressings. Deep
wounds should first be packed with wound-filler mater-
ial. These dressings should not be cut, and are not rec-
ommended for use on third-degree burns.

Contact layers are designed for use in clean wounds
that contain no dead tissue. They are not recommended
for infected, shallow, dry, or infected wounds, or on
third-degree burns.

Gaugze is used to pack wounds, and also for debride-
ment and wicking. It is especially desirable for packing
deep wounds. When using gauze to pack wounds, a
loose packing technique is preferred.

Growth factors. These have highly specific applications
against such conditions as diabetic foot ulcers involv-
ing disease of the peripheral nerves. Growth factors are
heat sensitive and often require refrigeration. These are
not recommended for persons with benign or malignant
tumors.

Hydrocolloid dressings are used for leg ulcers, minor
burns, pressure sores, and traumatic injuries. Because
they are not painful to remove, hydrocolloid dressings
are often employed in pediatric wound management.
Because of their absorbent capabilities, they are used
on wounds that are secreting light to moderate amounts
of fluid.

Hydrofibers are highly absorbent, so they are particu-
larly useful for wounds that are draining heavily. For
this reason, they are not recommended for dry wounds
or wounds with little secretion, because they may result
in dehydration. Hydrofibers should not be used as sur-
gical sponges or on third-degree burns.

Hydrogels are often used on wounds that contain dead
tissue, on infected surgical wounds, and on painful
wounds. They should not be used on wounds with
moderate to heavy secretions. As with all dressings, it
is important to check and follow the directions of the
manufacturer. In the case of hydrogels, directions on
some products indicate they are not to be used on third-
degree burns.
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* Hydropolymers are typically used on wounds with
minimal to moderate drainage. They are not indicated
for dry wounds or third-degree burns.

Leg compression/wrapping products are used to in-
crease blood flow and reduce edema in the lower ex-
tremities of the body. A medical doctor should be con-
sulted before using these products on people with
edema. In many cases, topical dressings are used under
these products.

Polyurethane foam dressings are very absorbent and
are typically used on wounds with moderate to heavy
secretions. They should not be used on third-degree
burns or on wounds that are not draining or that have
sinuses or tunneling.

Skin substitutes are a relatively new product category,
approved for treating venous leg ulcers. It is often advis-
able to cut slits in the artificial skin, so that wound se-
cretions underneath do not lift the newly applied skin.

Superabsorbents are employed on wounds that are se-
creting heavily, or in applications requiring extended
wear. A packing material is commonly employed under
this product. Superabsorbents should not be used on
third-degree burns or wounds that are either dry or have
minimal secretions.

Transparent films are often employed as a secondary
cover for another, primary dressing. They are used on
superficial wounds and on intact skin at risk of infec-
tion. It is important to remove transparent films very
carefully to avoid damaging fragile skin.

Wound fillers are primary dressings that are usually
used in conjunction with other, secondary dressings.
Wound fillers are considered appropriate for shallow
wounds with little or moderate secretions. They are not
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Bandages and dressings

appropriate for use in third-degree burns or in dry
wounds. They are similarly not recommended for
wounds with tunnels or sinuses.

» Wound pouches are useful in treating wounds with high
volumes of secretion. They are not suitable for dry
wounds.

Recommended intervals between dressing changes
vary widely among product classes. The materials used in
some dressings require that they be changed several times
a day. Others can remain in place for one week. Manufac-
turer’s directions should be consulted and followed.

Preparation

Wounds require appropriate cleaning, debridement,
closure, and medication before bandages and dressings
are applied.

Determining the cause of wounds is often very im-
portant, especially the cause of chronic wounds such as
skin ulcers. A physician should be advised of any signs
of infection or other changes in a wound.

Wound-care nursing is a rapidly advancing field that
requires considerable training, clinical experience, and
judgment, causing some observers to predict that it will
eventually develop into an advanced practice nursing or
a specialty-based practice. Increasingly, the demands on
wound-care nurses are expected to require that they un-
dertake graduate studies. For all nurses working in the
field, ongoing education is a must to keep up with new
knowledge, technologies, and techniques. Numerous or-
ganizations and institutions offer continuing education
courses in wound care management.

Results

Wounds that receive appropriate and timely care are
most likely to heal in an acceptable manner.

See also Incision care; Wound care.
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KEY TERMS
Debridement—Removing dead or non-viable tis-
sue from a wound.

Edema—Swelling of body tissues, caused by col-
lection of excess fluid.

Electrotherapy—The treatment of body tissues by
passing electrical currents through them, stimulat-
ing the nerves and muscles.

Sinus—In the context of wound management, a
narrow hollow in the body extending from an in-
fected area to the surface of the skin.

Stockinette—A soft elastic material used for ban-
dages and clothing for infants.

Moist-exposed Dressings of Partial-thickness Wounds.”
Dermatolic Surgery 29 no. 1 (2003): 14-20.

King, B. “Pain at First Dressing Change after Toenail Avulsion:
The Experience of Nurses, Patients and an Observer: 1.”
Journal of Wound Care 12 no. 1 (2003): 5-10.

Ovington, Liza G., PhD. "Know Your Options for Secondary
Dressings." Wound Care Newsletter 2, no. 4 July 1997
[cited March 24, 2003]. <http://www.woundcare.org/news
vol2n4/prpt2.htm>.

Skelhorne, G., and H. Munro. “Hydrogel Adhesives for
Wound-care Applications.” Medical Device Technology 13
no. 9 (2002): 19-23.

St. Clair, K., and J. H. Larrabee. “Clean versus Sterile Gloves:
Which to Use for Postoperative Dressing Changes?” Out-
comes Management 6 no. 1 (2002): 17-21.

ORGANIZATIONS

American Academy of Family Physicians. 11400 Tomahawk
Creek Parkway, Leawood, KS 66211-2672. (913) 906-6000.
E-mail: <fp@aafp.org>. <http://www.aafp.org>.

American College of Physicians. 190 N. Independence Mall
West, Philadelphia, PA 19106-1572. (800) 523-1546,
x2600, or (215) 351-2600. <http://www.acponline.org>.

American Medical Association. 515 N. State Street, Chicago,
IL 60610. (312) 464-5000. <http://www.ama-assn.org>.

American Nurses Association. 600 Maryland Avenue, SW,
Suite 100 West, Washington, DC 20024. (800) 274-4262.
<http://www.nursingworld.org>.

American Red Cross National Headquarters. 2025 E Street,
NW, Washington DC 20006. (202)303-4498. <http://
www.redcross.org>.

International Federation of Red Cross and Red Crescent Soci-
eties. PO Box 372, CH-1211 Geneva 19, Switzerland. +41
22 730 42 22. Email: secretariat@ifrc.org. <http://www.
ifrc.org>.

Search and Rescue Society of British Columbia. PO Box 1146,
Victoria, BC V8W 2T6. (250)384-6696. Email:sarbc.org.
<http://www.sarbc.org>.

GALE ENCYCLOPEDIA OF SURGERY



Wound, Ostomy, and Continence Nurses Society. 1550 South
Coast Highway, Suite #201, Laguna Beach, CA 92651.
(888) 224-9626. <http://www. wocn.org>.

OTHER

National Library of Medicine. <http://www.nlm.nih.gov/med
lineplus/firstaidemergencies.html.> [cited March 24, 2003].

L. Fleming Fallon, Jr, MD, DrPH

Bankart procedure
Definition

A Bankart procedure, also known as a Broca-Perthes-
Bankart procedure, is a surgical technique for the repair of
recurrent shoulder joint dislocations. In the procedure, the
torn ligaments are re-attached to the proper place in the
shoulder joint, with the goal of restoring normal function.

Purpose

The shoulder is the junction of three bones: the upper
arm bone (humerus), the collarbone (clavicle), and the
shoulder blade (scapula). The shoulder joint (glenohumer-
al joint) is the result of the head of the humerus bone fit-
ting in the cavity of the shoulder blade (glenoid cavity),
the joint being held together by the labrum, a rim of soft
tissue that surrounds the glenoid. As a result of excessive
force being applied to the arm, the head of the humerus
may be forced out of the glenoid cavity (dislocation), and
the supporting ligaments of the shoulder joint may be torn.
These ligaments may heal so that the shoulder regains its
stability. However, sometimes the ligaments do not heal,
making the shoulder unstable and painful. This condition
is referred to as traumatic instability of the shoulder, trau-
matic glenohumeral instability, or a Bankart lesion.

The goal of a Bankart procedure for traumatic
glenohumeral instability is the safe and secure re-attach-
ment of the torn ligaments to the tip of the glenoid from
which they were detached. The surgery has the advan-
tage of allowing patients to resume many of their activi-
ties of daily living while the repair is healing. The
surgery also minimizes the unwanted joint stiffness asso-
ciated with such injuries.

Demographics

The shoulder is the most commonly dislocated
major joint following severe trauma, such as an auto col-
lision or a fall onto an outstretched arm. Some 96% of
dislocations involve the front of the shoulder (anterior),
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

A Bankart procedure is performed in a hospital
setting by an orthopedic surgeon specializing
in shoulder instability problems.

with 1-3% occurring in the back (posterior). Falls and
car accidents are common causes of first-time disloca-
tions, but recurrent dislocations are often due to seem-
ingly inoffensive activities such as raising the arm over
the head, or combing hair. Shoulder dislocations are
more common in males than females, and in young
adults.

Description

In general, shoulder surgery can be performed in
two fundamentally different ways: either using closed
surgical techniques (arthroscopic surgery) or using
open surgical techniques.

An open surgery Bankart procedure is performed
under general anesthesia. The patient is placed in a 30-de-
gree inclined chair position with the arm free over the
edge of the operating table. A bag is placed under the cen-
ter of the shoulder blade of the shoulder being operated on
to support the shoulder and to push the shoulder blade for-
ward. Prepping and draping allow the arm to be freely
moveable and allow a good view of the surgical field.

The whole upper limb is prepared with antiseptic.
An examination under anesthesia is performed to con-
firm the exact nature of the instability. The surgeon
makes a long incision to gain access to the joint, often
cutting through the deltoid muscle to operate on the in-
ternal structures of the shoulder, and proceeds to sew the
joint capsule to the detached labrum tissues.

The arthroscopic Bankart procedure tries to imitate
the open Bankart procedure. Arthroscopy is a microsurgi-
cal technique by which the surgeon can use an endoscope
to look through a small hole into the shoulder joint. The
endoscope is an instrument the size of a pen, consisting
of a tube fitted with a light and a miniature video camera,
which transmits an image of the joint interior to a televi-
sion monitor. The detached part of the labrum and the as-
sociated ligaments are reattached to bone along the rim of
the glenohumeral cavity through a small “keyhole” inci-
sion. This is done with little disruption to the other shoul-
der structures and without the need to detach and reattach
the overlying shoulder muscle (subscapularis).
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A Bankart procedure may be performed laparoscopically (A), or through an open incision in the shoulder (B). In the open
procedure, the surgeon exposes the joint capsule and labrum, a rim of soft tissue that surrounds the cavity, which has be-
come detached (C). Sutures reattach the labrum to the joint capsule (D). (/llustration by GGS Inc.)

Diagnosis/Preparation

The physician diagnoses a Bankart lesion from the
patient’s history, by performing a thorough physical ex-
amination of the joint, and taking the proper x rays. The
examination often reveals that the head of the humerus
slips easily out of the joint socket, even when it is
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pressed into it. This is called the “load and shift test.” X
rays may also reveal that the bony lip of the glenoid
socket is rounded or deficient, or that the head of the
humerus is not centered in the glenoid cavity.

A diagnostic arthroscopy is also often used to con-
firm the presence and extent of the shoulder instability.
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In this procedure, a thin fiberoptic scope is inserted into
the shoulder joint space to allow direct visualization of
its internal structures. An electromyogram may also be
obtained if the treating physician suspects the possibility
of nerve injury.

Patients should attend to any health problem so as to
be in the best possible condition for this procedure.
Smoking should be stopped a month before surgery and
not resumed for at least three months afterwards. Any
heart, lung, kidney, bladder, tooth, or gum problems
should be managed before surgery. The orthopedic sur-
geon needs to be informed of all health issues, including
allergies and the non-prescription and prescription med-
ications being used by the patient.

Aftercare

Exercises are usually started on the day following
surgery with instructions from a physical therapist, five
times daily, including assisted flexion and external rota-
tion of the arm. The other arm is used to support the arm
that underwent surgery until it can perform the exercises
alone. The patient is allowed to perform many activities of
daily living as tolerated, but without lifting anything heav-
ier than a glass or plate. If a patient can not comply with
restricted use of the shoulder, the arm is kept in a sling for
three weeks. Otherwise, a sling is used only for comfort
between exercise sessions and to protect the arm when the
patient is out in public and at night while sleeping. Dri-
ving is allowed as early as two weeks after surgery, if the
shoulder can be used comfortably, especially if the pa-
tient’s car has automatic transmission. At eight to 10
weeks, the patient can usually resume light, low-risk ac-
tivities, such as swimming and jogging. If involved in
sports, the patient may return to training at three months.
Hospital physiotherapy is rarely prescribed and only in
cases of delayed rehabilitation or shoulder stiffness.

Risks

The following risks are associated with a Bankart
procedure:

* Perioperative: Nerve damage during surgery and poor
placement of anchor sutures.

« Within six weeks after surgery: Wound infection and
rupture of the repair.

* Between six weeks and six months: Shoulder stiffness,
recurrence of instability, failure of the repair resulting
in shoulder weakness, failure of the anchor sutures.

Normal results

Normal results for a Bankart procedure include:
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QUESTIONS TO ASK
THE DOCTOR

e How long will it take to recover from the
surgery?

e What are the different types of surgery avail-
able for shoulder instability?

* Specifically, how will my shoulder be im-
proved by a Bankart procedure?

* Will surgery cure my shoulder condition so
that | may resume my activities?

* Can medications help?
e Are there any alternatives to surgery?

¢ How many Bankart procedures do you per-
form each year?

« good control of pain and inflammation
« normal upper arm strength and endurance
« normal shoulder range of motion

According to the American Academy of Family
Physicians, the classic treatment of recurrent shoulder
dislocations remains open surgical Bankart repair. This
approach has a success rate as high as 95% in effectively
removing shoulder instabilities. In a recent study of
young athletes, Bankart repair was compared with three
weeks of immobilization for the treatment of an initial
anterior shoulder dislocation. The group treated surgical-
ly had fewer episodes of recurrent instability than the
group managed with immobilization.

Morbidity and mortality rates

Surgery for anterior dislocation of the shoulder
fails in one out of 10 to one out of 20 cases, with a
higher incidence of failure in arthroscopic Bankart pro-
cedures when compared to the open surgical approach.
There is also a higher incidence of failure in patients
who smoke, those who start using their shoulder vigor-
ously very early after the repair, and in those with very
loose ligaments.

Alternatives
Surgical

The Bristow procedure is an alternative surgical pro-
cedure used to treat shoulder instability. In this tech-
nique, the coracoid process (a long, curved projection
from the scapula) with its muscle attachments is trans-
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KEY TERMS

Arthroscopy—The introduction of a thin fiberoptic
scope (arthroscope) into a joint space to allow di-
rect visualization of internal structures. In some
cases, surgical repair can also be performed using
the arthroscope.

Coracoid process—A long curved projection from
the scapula overhanging the glenoid cavity; it pro-
vides attachment to muscles and ligaments of the
shoulder and back region.

Electromyography—A test that measures muscle
response to nerve stimulation. It is used to evaluate
muscle weakness and to determine if the weakness
is related to the muscles themselves or to a prob-
lem with the nerves that supply the muscles.

ferred to the neck of the scapula and creates a muscle
sling at the front of the glenohumeral joint.

Non-surgical

Shoulders can be stabilized and strengthened with
special exercises. During the early phases of such physi-
cal therapy programs, the patient is taught to use the
shoulder only in the most stable positions—those in
which the humerus is elevated in the plane of the scapu-
la. As coordination and confidence improve, progressive-
ly less stable positions are attempted.

See also Shoulder joint replacement; Shoulder re-
section arthroplasty.

Resources

BOOKS

Neumann, L., and W. A. Wallace. “Open Repair of Instability.”
In Shoulder Surgery. Ed. S. Copeland. London: WB Saun-
ders, 1997.

Parker, J. N., ed. The Official Patient’s Sourcebook on Shoulder
Dislocation. San Diego: ICON Health Publications, 2002.

Warren, R. E.,, E. V. Craig, and D. W. Altcheck, eds. The Unsta-
ble Shoulder. Philadelphia: Lippincott Williams & Wilkins
Publishers, 1999.

PERIODICALS

Itoi, E., S. B. Lee, K. K. Amrami, D. E. Wenger, and K. N. An.
“Quantitative assessment of classic anteroinferior bony
Bankart lesions by radiography and computed tomogra-
phy.” American Journal of Sports Medicine 31 (January-
February 2003): 112-118.

Kim, S. H., K. . Ha, and S. H. Kim. “Bankart repair in traumat-
ic anterior shoulder instability: open versus arthroscopic
technique.” Arthroscopy 18 (September 2002): 755-763.

150

General anesthesia—A form of anesthesia that re-
sults in putting the patient to sleep.

Glenoid cavity—The hollow cavity in the head of
the scapula that receives the head of the humerus
to make the glenohumeral or shoulder joint.

Glenohumeral joint—A ball-and-socket synovial
joint between the head of the humerus and the gle-
noid cavity of the scapula. Also called the gleno-
humeral articulation or shoulder joint.

Humerus—The bone of the upper part of the arm.

Scapula—A large, flat, triangular bone that forms the
back portion of the shoulder. It articulates with the
clavicle (at the acromion process) and the humerus
(at the glenoid). Also called the shoulder blade.

Magnusson, L., J. Kartus, L. Ejerhed, I. Hultenheim, N. Sernert,
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Barbiturates
Definition

Barbiturates are medicines that act on the central
nervous system. They cause drowsiness and can control
seizures.
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Purpose

Barbiturates are in the group of medicines known as
central nervous system depressants (CNS). Also known
as sedative-hypnotic drugs, barbiturates make people
very relaxed, calm, and sleepy. These drugs are some-
times used to help patients relax before surgery. Some
may also be used to control seizures (convulsions). Al-
though barbiturates have been used to treat nervousness
and sleep problems, they have generally been replaced
by other medicines for these purposes.

Although barbiturates have largely been replaced by
other classes of drugs, some are still used in anesthesiol-
ogy to induce anesthsia and lower the dose of inhaled
anesthetics required for surgical procedures.

Pentobarbital (Nembutal) has been used in neuro-
surgery to reduce blood flow to the brain. This reduces
swelling and pressure in the brain, making brain surgery
safer.

Secobarbital (Seconal) may be given by mouth or as
a suppository to induce sleepiness and relaxation before
local anesthesia or the insertion of a tube into the nose or
throat.

These medicines may become habit-forming and
should not be used to relieve everyday anxiety and ten-
sion or to treat sleeplessness over long periods.

Description

Barbiturates are available only with a physician’s
prescription and are sold in capsule, tablet, liquid, and
injectable forms. Some commonly used barbiturates are
phenobarbital (Barbita) and secobarbital (Seconal).

Recommended dosage

Recommended dosage depends on the type of barbi-
turate and other factors such as the patient’s age and the
condition for which the medicine is being taken. The pa-
tient should consult with the physician who prescribed
the drug or the pharmacist who filled the prescription for
the correct dosage.

The following recommendations do not apply when
barbiturates are given as a single oral or intravenous dose
prior to or during surgery. The recommendations should
be considered if the drugs are used for treatment of anxi-
ety or seizures.

Patients should always take barbiturates exactly as
directed. Larger or more frequent doses should never be
taken, and the drug should not be taken for longer than
directed. If the medicine does not seem to be working,
even after taking it for several weeks, the patient should
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not increase the dosage. Instead, the physician who pre-
scribed the medicine should be consulted.

People taking barbiturates should not stop taking
them suddenly without first checking with the physician
who prescribed the medication. It may be necessary to
taper the dose gradually to reduce the chance of with-
drawal symptoms. If it is necessary to stop taking the
drug, the patient should check with the physician for in-
structions on how to stop.

Precautions

People taking barbiturates must see a physician reg-
ularly. The physician will check to make sure the medi-
cine is working as it should and will note unwanted side
effects.

Because barbiturates work on the central nervous
system, they may add to the effects of alcohol and other
drugs that slow the central nervous system, such as anti-
histamines, cold medicine, allergy medicine, sleep aids,
medicine for seizures, tranquilizers, some pain relievers,
and muscle relaxants. They may also add to the effects
of anesthetics, including those used for dental proce-
dures. The combined effects of barbiturates and alcohol
or other CNS depressants (drugs that slow the central
nervous system) can be very dangerous, leading to un-
consciousness or even death. Anyone taking barbiturates
should not drink alcohol and should check with his or
her physician before taking any medicines classified as
CNS depressants.

Taking an overdose of barbiturates or combining bar-
biturates with alcohol or other central nervous system de-
pressants can cause unconsciousness and even death. Any-
one who shows signs of an overdose or a reaction to com-
bining barbiturates with alcohol or other drugs should get
emergency medical help immediately. Signs include:

* severe drowsiness
« breathing problems
« slurred speech

* staggering

* slow heartbeat

» severe confusion

* severe weakness

Barbiturates may change the results of certain med-
ical tests. Before having medical tests, anyone taking
this medicine should alert the health care professional in
charge.

People may feel drowsy, dizzy, lightheaded, or less
alert when using these drugs. These effects may even
occur the morning after taking a barbiturate at bedtime.
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Barbiturates

Because of these possible effects, anyone who takes
these drugs should not drive, use machines or do any-
thing else that might be dangerous until they have found
out how the drugs affect him or her.

Barbiturates may cause physical or mental depen-
dence when taken over long periods. Anyone who shows
these signs of dependence should check with his or her
physician right away:

« the need to take larger and larger doses of the medicine
to get the same effect

» a strong desire to keep taking the medicine

« withdrawal symptoms, such as anxiety, nausea or vom-
iting, convulsions, trembling, or sleep problems, when
the medicine is stopped

Children may be especially sensitive to barbiturates.
This sensitivity may increase the chance of side effects
such as unusual excitement.

Older people may also be more sensitive than others
to the effects of this medicine. In older people, barbitu-
rates may be more likely to cause confusion, depression,
and unusual excitement. These effects are also more like-
ly in people who are very ill.

Special conditions

People with certain medical conditions or who are
taking certain other medicines can have problems if they
take barbiturates. Before taking these drugs, be sure to
let the physician know about any of these conditions:

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

PREGNANCY. Taking barbiturates during pregnancy
increases the chance of birth defects and may cause other
problems such as prolonged labor and withdrawal effects
in the baby after birth. Pregnant women who must take
barbiturates for serious or life-threatening conditions
should thoroughly discuss with their physicians the ben-
efits and risks of taking this medicine.

BREASTFEEDING. Barbiturates pass into breast milk
and may cause problems such as drowsiness, breathing
problems, or slow heartbeat in nursing babies whose
mothers take the medicine. Women who are breast-feed-
ing should check with their physicians before using bar-
biturates.

OTHER MEDICAL CONDITIONS. Before using barbi-
turates, people with any of these medical problems
should make sure their physicians are aware of their con-
ditions:
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» alcohol or drug abuse
* depression
» hyperactivity (in children)
* pain
* kidney disease
» liver disease
* diabetes
* overactive thyroid
« underactive adrenal gland
« chronic lung diseases such as asthma or emphysema
* severe anemia
* porphyria
USE OF CERTAIN MEDICINES. Taking barbiturates

with certain other drugs may affect the way the drugs
work or may increase the chance of side effects.

Side effects

The most common side effects are dizziness, light-
headedness, drowsiness, and clumsiness or unsteadiness.
These problems usually go away as the body adjusts to
the drug and do not require medical treatment unless
they persist or interfere with normal activities.

More serious side effects are not common, but may
occur. If any of the following side effects occur, the
physician who prescribed the medicine should be con-
tacted immediately:

« fever

* muscle or joint pain

* sore throat

* chest pain or tightness in the chest
» wheezing

« skin problems, such as rash, hives, or red, thickened, or
scaly skin

* bleeding sores on the lips
« sores or painful white spots in the mouth
« swollen eyelids, face, or lips

In addition, if confusion, depression, or unusual ex-
citement occur after taking barbiturates, a physician
should be contacted as soon as possible.

Patients who take barbiturates for a long time or at
high doses may notice side effects for some time after
they stop taking the drug. These effects usually appear
within eight to 16 hours after the patient stops taking the
medicine. If these or other troublesome symptoms occur
after stopping treatment with barbiturates, a physician
should be contacted:
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« dizziness, lightheadedness or faintness

* anxiety or restlessness

« hallucinations

* vision problems

* nausea and vomiting

* seizures (convulsions)

» muscle twitches or trembling hands

» weakness

« sleep problems, nightmares, or increased dreaming

Other side effects may occur. Anyone who has un-
usual symptoms during or after treatment with barbitu-
rates should consult with his or her physician.

Interactions

Birth control pills may not work properly when
taken while barbiturates are being taken. To prevent
pregnancy, additional methods of birth control are ad-
vised while taking barbiturates.

Barbiturates may also interact with other medicines.
When this happens, the effects of one or both of the
drugs may change or the risk of side effects may be
greater. Anyone who takes barbiturates should let the
physician know all other medicines he or she is taking.
Among the drugs that may interact with barbiturates are:

« other central nervous system (CNS) depressants such
as medicine for allergies, colds, hay fever, and asthma;
sedatives; tranquilizers; prescription pain medicine;
muscle relaxants; medicine for seizures; sleep aids;
barbiturates; and anesthetics

« blood thinners
» adrenocorticoids (cortisone-like medicines)

« antiseizure medicines such as valproic acid (Depakote
and Depakene), and carbamazepine (Tegretol)

The list above does not include every drug that may
interact with barbiturates. A physician or pharmacist
should be consulted before combining barbiturates with
any other prescription or nonprescription (over-the-
counter) medicine.
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KEY TERMS
Adrenal glands—Two glands located next to the
kidneys. The adrenal glands produce the hor-
mones epinephrine and norepinephrine and the
corticosteroid (cortisone-like) hormones.

Anemia—A lack of hemoglobin. Hemoglobin is
the compound in blood that carries oxygen from
the lungs throughout the body and brings waste
carbon dioxide from the cells to the lungs, where
it is released.

Central nervous system—The brain, spinal cord,
and nerves throughout the body.

Hallucination—A false or distorted perception of
objects, sounds, or events that seems real. Hallu-
cinations usually result from drugs or mental dis-
orders.

Hypnotic—A medicine that causes sleep.
Porphyria—A disorder in which porphyrins build
up in the blood and urine.

Porphyrin—A type of pigment found in living
things, such as chlorophyll which makes plants
green and hemoglobin which makes blood red.
Sedative—Medicine that has a calming effect and
may be used to treat nervousness or restlessness.
Seizure—A sudden attack, spasm, or convulsion.
Withdrawal symptoms—A group of physical or
mental symptoms that may occur when a person

suddenly stops using a drug on which he or she
has become dependent.

Reynolds, J. E. F,, ed. Martindale The Extra Pharmacopoeia
31st Ed. London: The Pharmaceutical Press, 1993.
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Barium enema
Definition

A barium enema, also known as a lower GI (gas-
trointestinal) exam, is a test that uses x-ray examination
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Barium enema

to view the large intestine. There are two types of tests:
the single-contrast technique, where barium sulfate is in-
jected into the rectum to gain a profile view of the large
intestine, and the double-contrast (or “air contrast”) tech-
nique, where air and barium are inserted into the rectum.

Purpose

A barium enema may be performed for a variety of
reasons. One reason may be to help in the diagnosis of
colon and rectal cancer (or colorectal cancer), and inflam-
matory disease. Detection of polyps (benign growths in
the tissue lining the colon and rectum), diverticula (pouch-
es pushing out from the colon), and structural changes in
the large intestine can also be confirmed by the barium
enema. The double-contrast barium enema is the best
method for detecting small tumors (such as polyps), early
inflammatory disease, and bleeding caused by ulcers.

A doctor’s decision to perform a barium enema is
based on a patient’s history of altered bowel habits.
These can include diarrhea, constipation, lower abdomi-
nal pain, or patient reports of blood, mucus, or pus in the
stools. It is recommended that healthy people have a col-
orectal cancer screening colonoscopy every five to 10
years, because this form of cancer is the second most
deadly type in the United States. Those who have a close
relative with colorectal cancer, or who have had a pre-
cancerous polyp, are considered to be at an increased
risk for the disease and should be screened more fre-
quently by their doctor for possible abnormalities.

Description

To begin a barium enema, the doctor will have the
patient lie with their back down on a tilting radiographic
table so that x rays can of the abdomen can be taken. The
film is then reviewed by a radiologist, who assesses if
the colon has been adequately cleansed of stool during
the prep process. After being assisted into a different po-
sition, a well-lubricated rectal tube is inserted through
the anus. This tube allows the physician or the assisting
health care provider to slowly administer the barium into
the intestine. While this filling process is closely moni-
tored, the patient must keep the anus tightly contracted
against the rectal tube so that the position is maintained
and the barium is prevented from leaking. This step is
emphasized to the patient because inaccuracy may occur
if the barium leaks. A rectal balloon may also be inflated
to help the patient retain the barium. The table may be
tilted or the patient may be moved to different positions
to aid in the filling process.

As the barium fills the intestine, x rays of the ab-
domen are taken to distinguish significant findings.
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There are many ways to perform a barium enema. One
way is that shortly after filling, the rectal tube is removed
and the patient expels as much of the barium as possible.
Alternatively, the tube will remain in place, and the bari-
um will move through that tube. A thin film of barium
remains in the intestine, and air is then slowly injected
through the rectum and to expand the bowel lumen. Usu-
ally no films will be taken until after the air is injected.
Multiple films are generally obtained by a radiologist;
then, additional films are made by a technologist.

Preparation

To conduct the most accurate barium enema test, the
patient must follow a prescribed diet and bowel prepara-
tion instructions prior to the test. This preparation com-
monly includes restricted intake of diary products and a
liquid diet for 24 hours prior to the test, in addition to
drinking large amounts of water or clear liquids 12-24
hours before the test. Patients may also be given laxa-
tives, and asked to give themselves a cleansing enema.

In addition to the prescribed diet and bowel prepara-
tion prior to the test, the patient can expect the following
during a barium enema:

* They will be well draped with a gown as they are
placed on a tilting x-ray table.

* As the barium or air is injected into the intestine, they
may experience cramping pains or the urge to defecate.

* The patient will be instructed to take slow, deep breaths
through the mouth to ease any discomfort.

Aftercare

Patients should follow several steps immediately
after undergoing a barium enema, including:

* Drinking plenty of fluids to help counteract the dehy-
drating effects of bowel preparation and the test.

» Taking time to rest. A barium enema and the bowel
preparation taken before it can be exhausting.

* A cleansing enema may be given to eliminate any re-
maining barium. Lightly colored stools will be preva-
lent for the next 24—72 hours following the test.

Risks

While a barium enema is considered a safe screen-
ing test used on a routine basis, it can cause complica-
tions in certain people. The following indications should
be kept in mind before a barium enema is performed:

» Those who have a rapid heart rate, severe ulcerative
colitis, toxic megacolon, or a presumed perforation in
the intestine should not undergo a barium enema.
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KEY TERMS
Barium sulfate—A barium compound used during
a barium enema to block the passage of x rays
during the exam.

Bowel lumen—The space within the intestine.

Colonoscopy—An examination of the colon per-
formed with a colonoscope.

Diverticula—A diverticulum of the colon is a sac
or pouch in the colon wall which is usually
asymptomatic (without symptoms) but may cause
difficulty if it becomes inflamed. Diverticula is the
plural of diverticulum.

Diverticulitis—A condition of the diverticulum of
the intestinal tract, especially in the colon, where
inflammation may cause distended sacs extending
from the colon and pain.

Diverticulosis—The development of diverticula.
Megacolon—Abnormally large colon associated
with some chronic intestine disorders.
Proctosigmoidoscopy—A visual examination of
the rectum and sigmoid colon using a sigmoido-
scope, also known as sigmoidoscopy.
Sigmoidoscopy—Endoscopic examination of the
lower colon.

Ulcerative colitis—An ulceration or erosion of the
lining of the colon.

« The test can be performed cautiously if the patient has
a blocked intestine, ulcerative colitis, diverticulitis, or
severe bloody diarrhea.

Complications that may be caused by the test include
perforation of the colon, water intoxication, barium
granulomas (inflamed nodules), and allergic reaction.
However, these conditions are all very rare.

Normal results

When patients undergo single-contrast enemas, their
intestines are steadily filled with barium to differentiate
markings of the colon markings. Normal results display
uniform filling of the colon.

As the barium is expelled, the intestinal walls col-
lapse. A normal result on the x ray after defecation will
show the intestinal lining as having a standard, feathery
appearance.

The double-contrast enema expands the intestine,
which is already lined with a thin layer of barium, using
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air to display a detailed image of the mucosal pattern.
Varying positions taken by the patient allow the barium
to collect on the dependent walls of the intestine by way
of gravity.

A barium enema allows abnormalities to appear on
an x ray that may aid in the diagnosis of several different
conditions. Most colon cancers occur in the rectosigmoid
region, or on the upper part of the rectum and adjoining
portion of the sigmoid colon. However, they can also be
detected with a proctosigmoidoscopy (usually referred to
as a sigmoidoscopy). Further, an enema can identify
other early signs of cancer.

Identification of polyps, diverticulosis, and inflam-
matory disease (such as diverticulitis and ulcerative coli-
tis) is attainable through a barium x ray. Some cases of
acute appendicitis may also be apparent by viewing this
x ray, though acute appendicitis is usually diagnosed
clinically, or by CT scan.
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Barium swallow see Upper Gl exam

Beating heart surgery see Minimally
invasive heart surgery

Beclomethasone see Corticosteroids

Bedside monitors see Cardiac monitor

Bedsores
Definition

Bedsores, also called decubitus ulcers, pressure ul-
cers, or pressure sores, begin as tender, inflamed patches
that develop when a person’s weight rests against a hard
surface, exerting pressure on the skin and soft tissue over
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Bedsores

bony parts of the body. For example, skin covering a
weight-bearing part of the body, such as a knee or hip, is
pressed between a bone and a bed, chair, another body
part, splint, or other hard object. This is most likely to
happen when the person is confined to a bed or wheel-
chair for long periods of time and is relatively immobile.
Usually, mobile individuals, when either conscious or
unconscious, will receive nerve signals from the com-
pressed part of the body and will automatically move to
relieve the pressure. Pressure sores do not usually devel-
op in people with normal mobility and mental alertness.
However, people compromised through acute illness,
heavy sedation, unconsciousness, or diminished mental
functioning, may not receive signals to move, and as a
result of the constant pressure, tissue damage may
progress to bedsores in these individuals.

Demographics

Each year, about one million people in the United
States develop bedsores at a treatment cost of $1 billion.
Pressure sores are most often found in elderly patients;
records show that two thirds of all bedsores occur in peo-
ple over age 70. People who are neurologically impaired,
such as those with spinal injuries or paralysis, are also at
high risk. Pressure sores have been noted as a direct
cause of death in about 8% of paraplegics.

In 1992, the Federal Agency for Health Care Policy
and Research reported that bedsores afflict:

* 10% of all hospital patients
* 25% of nursing home residents

* 60% of quadriplegics

Description

Bedsores range from mild inflammation to ulcera-
tion (breakdown of tissue) and deep wounds that involve
muscle and bone. This painful condition usually starts
with shiny red skin that quickly blisters and deteriorates
into open sores. These sores become a target for bacterial
contamination and will often harbor life-threatening in-
fection. Bedsores are not contagious or cancerous, al-
though the most serious complication of chronic bed-
sores is the development of malignant degeneration,
which is a type of cancer.

Bedsores develop as a result of pressure that cuts off
the flow of blood and oxygen to tissue. Constant pres-
sure pinches off capillaries, the tiny blood vessels that
deliver oxygen and nutrients to the skin. If the skin is de-
prived of essential oxygen and nutrients (a condition
known as ischemia) for even as little as an hour, tissue
cells can die (anoxia) and bedsores can form. Even the
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slightest rubbing, called shear, or friction between a hard
surface and skin stretched over bones, can cause minor
pressure ulcers. They can also develop when a patient
stretches or bends blood vessels by slipping into a differ-
ent position in a bed or chair.

Since urine, feces, or other moisture increases the
risk of skin infection, people who suffer from inconti-
nence, as well as immobility, have a greater than average
risk of developing bedsores.

Unfortunately, people who have been successfully
treated for bedsores have a 90% chance of developing
them again. While the pressure sores themselves can
usually be cured, about 60,000 deaths per year are attrib-
uted to complications caused by bedsores. They can be
slow to heal, particularly when the patient’s overall sta-
tus may be weakened. Without proper treatment, bed-
sores can lead to:

« gangrene (tissue death)

« osteomyelitis (infection of the bone beneath the bed-
sore)

* sepsis (a poisoning of tissue or the whole body from
bacterial infection)

e other localized or systemic infections that slow the
healing process, increase the cost of treatment, length-
en hospital or nursing home stays, or cause death

Bedsores are most apt to develop on bony parts of
the body, including:

* ankles

* back of the head
* heels

* hips

* knees

* lower back

« shoulder blades
* spine

Although impaired mobility is a leading factor in the
development of pressure sores, the risk is also increased
by illnesses and conditions that weaken muscle and soft
tissue, or that affect blood circulation and the delivery of
oxygen to body tissue, leaving skin thinner and more
vulnerable to breakdown and subsequent infection.
These conditions include:

« atherosclerosis (hardening of arteries) that restricts
blood flow

» diabetes

» diminished sensation or lack of feeling, unable to feel
pain
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« heart problems

« incontinence (inability to control bladder or bowel
movements)

 malnutrition

* obesity

* paralysis

* poor circulation
« infection

« prolonged bed rest, especially in unsanitary conditions
or with wet or wrinkled sheets

« spinal cord injury

Diagnosis/Preparation

Physical examination, medical history, and patient
and caregiver observations are the basis of diagnosis.
Special attention must be paid to physical or mental prob-
lems, such as an underlying disease, incontinence, or
confusion that could complicate a patient’s recovery. Nu-
tritional status and smoking history should also be noted.

The National Pressure Ulcer Advisory Panel
(NPUAP) recommends classification of bedsores in four
stages of ulceration based primarily on the depth of a
sore at the time of examination. This helps standardize
the language and encourages effective communication of
medical personnel caring for patients with bedsores. The
NPUAP advises that not all bedsores follow the stages
directly from I to IV. The four most widely accepted
stages are described as:

« Stage I: intact skin with redness (erythema) and some-
times with warmth.

« Stage II: partial-thickness loss of skin, an abrasion,
swelling, and possible blistering or peeling of skin.

« Stage III: full-thickness loss of skin, open wound
(crater), and possible exposed under layer.

« Stage IV: full-thickness loss of skin and underlying tis-
sue, extends into muscle, bone, tendon, or joint. Possi-
ble bone destruction, dislocations, or pathologic frac-
tures (not caused by injury).

In addition to observing the depth of the wound, the
presence or absence of wound drainage and foul odors,
or any debris in the wound, such as pieces of dead skin
tissue or other material, should also be noted. Any condi-
tion that could likely contaminate the wound and cause
infection, such as the presence of urine or feces from in-
continence, should be noted as well.

A doctor should be notified whenever a person:

» will be bedridden or immobilized for an extended time
period
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« is very weak or unable to move

« develops redness (inflammation) and warmth or peel-
ing on any area of skin

Immediate medical attention is required whenever:

« skin turns black or becomes inflamed, tender, swollen,
or warm to the touch

« the patient develops a fever during treatment
« a bedsore contains pus or has a foul-smelling discharge

Prompt medical attention can prevent surface pres-
sure sores from deepening into more serious infections.
The first step is always to reduce or eliminate the pres-
sure that is causing bedsores. For minor bedsores, stages I
and II, treatment involves relieving pressure, keeping the
wound clean and moist, and keeping the area around the
ulcer clean and dry. This is often accomplished with
saline washes and the use of sterile medicated gauze
dressings that both absorb the wound drainage and fight
infection-causing bacteria. Antiseptics, harsh soaps, and
other skin cleansers can damage new tissue and should be
avoided. Only saline solution should be used to cleanse
bedsores whenever fresh non-stick dressings are applied.

The patient’s doctor may prescribe infection-fight-
ing antibiotics, special dressings or drying agents,
and/or lotions or ointments to be applied to the wound in
a thin film three or four times a day. Warm whirlpool
treatments are sometimes recommended for sores on the
arm, hand, foot, or leg.

Typically, with the removal or reduction of pressure
in conjunction with proper treatment and attention to the
patient’s general health, including good nutrition, bed-
sores should begin to heal two to four weeks after treat-
ment begins.

Surgical options are often considered for non-healing
wounds. When deep wounds are not responding well to
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standard medical procedures, consultation with a plastic
surgeon may be needed to determine if reconstructive
surgery is the best possible treatment. In a procedure
called debriding, a scalpel may be used to remove dead
tissue or other debris from Stage III and IV wounds. A
surgical procedure called urinary (or fecal) diversion may
also be used with incontinent patients to divert the flow of
urinary or fecal material—this keeps the wound clean and
encourages wound healing. Reconstruction involves the
complete removal of the ulcerated area and surrounding
damaged tissue (excision), debriding the bone, and reduc-
ing the amount of bacteria in the area with vigorous
flushing (lavage) with saline solution. The surgical
wound is then drained for a period of days until it is clear
that no infection is present and that healing has begun.
Plastic surgery may follow to close the wound with a flap
(skin from another part of the body), providing a new tis-
sue surface over the bone. For surgery to succeed, infec-
tion must not be present. Complications can occur after
reconstructive surgery; these include bleeding under the
skin (hematoma), wound infection, and the recurrence of
pressure sores. Infection in deep wounds can progress to
life-threatening systemic infection. Amputation may be
required when a wound will not heal or when reconstruc-
tive surgery is not an option for a particular patient.

Alternatives

Zinc and vitamins A, C, E, and B complex provide
necessary nutrients for the skin and help it to repair in-
juries and stay healthy. Large doses of vitamins or min-
erals should not be used without a doctor’s approval.

A poultice made of equal parts of powdered slippery
elm (Ulmus fulva), marsh mallow (Althaea officinalis),
and echinacea blended with a small amount of hot water
can relieve minor inflammation. An infection-fighting
rinse of two drops of essential tea tree oil (Melaleuca) to
every 8 0z (0.23 g) of water can also be administered. An
herbal tea made from calendula (Calendula officinalis) is
also an effective antiseptic and wound healing agent.
Calendula cream can also be used.

Contrasting hot and cold compresses applied to the
bedsore site can increase circulation to the area and help
flush out waste products, speeding the healing process.
The temperatures should be extreme (very hot and ice
cold), yet tolerable to the skin. Hot compresses should be
applied for three minutes, followed by 30 seconds of cold
compress application, repeating the cycle three times.
The cycle should always end with a cold compress.

Prevention

It is usually possible to prevent bedsores from devel-
oping or worsening. In 1989, the NPUAP set a goal that
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pressure sores be reduced by 50% by 2000. Because of
the varying ways in which the number of cases were
recorded during this timeframe, the NPUAP is finding it
difficult to analyze accurate incident accounts. However
even with the diversity of recording methods and the dif-
ficulties in comparing data, small group data indicates
that progress has been made with the standardization of
guidelines and care.

All patients recovering from illness or surgery or
confined to a bed or wheelchair long-term should be in-
spected regularly; they should be bathed or should show-
er every day using warm water and mild soap; and pa-
tients should avoid cold or dry air. Bedridden patients
who are either mentally unaware or physically unable to
turn themselves, must be repositioned regularly by care-
givers at least once every two hours while awake. People
who use a wheelchair should be encouraged to shift their
weight every 10 or 15 minutes, or be repositioned by
caregivers at least once an hour. It is important to lift,
rather than to drag, a person being repositioned. Bony
parts of the body should not be massaged. Even slight
friction can remove the weakened top layer of skin and
damage blood vessels beneath it.

If the patient is bedridden, sensitive body parts can
be protected by:

« sheepskin pads
« special cushions placed on top of a mattress
« a water-filled mattress

« a variable-pressure mattress with individually inflatable
sections to redistribute pressure

Pillows or foam wedges can prevent a bedridden pa-
tient’s ankles from irritating each other, and pillows
placed under the legs from mid-calf to ankle can raise
the heels off the bed. Raising the head of the bed slightly
and briefly can provide relief, but raising the head of the
bed more than 30 degrees can cause the patient to slide,
thereby causing damage to skin and tiny blood vessels.

A person who uses a wheelchair should be encour-
aged to sit up as straight as possible. Pillows behind the
head and between the legs can help prevent bedsores, as
can a special cushion placed on the chair seat. Donut-
shaped cushions should not be used because they restrict
blood flow and cause tissues to swell.

Special support surfaces are manufactured and read-
ily available for care in medical facilities or at home, in-
cluding: air-filled mattresses and cushions, low-air loss
beds, and air-fluidized beds. These devices give adequate
support while reducing pressure on vulnerable skin.
They have been shown to exert less pressure on the skin
of compromised patients than do regular mattresses. Pa-
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KEY TERMS
Anemia—Deficiency of overall blood, or reduced
red cells and hemoglobin, the iron-bearing pro-
tein in the blood.

Debridement—Cutting away tissue from a wound.

Gangrene—Tissue death resulting from lack of nu-
trients and oxygen.

Granulocyte—A type of white cell.

Inflammation (inflamed)—Pain, heat, redness,
swelling, and reduced function of tissue, often
leading to infection.

Ischemia—Localized anemia, or lack of blood
flow and oxygen delivery to a specific area, such
as to the skin.

Soft tissue—Layers of cells that form the skin.

Ulceration—Death of tissue cells in a specific
area, such as on skin.

tients using these devices and beds must still be reposi-
tioned every two hours.

Resources

ORGANIZATIONS

International Association of Enterstomal Therapy. 27241 La
Paz Road, Suite 121, Laguna Niguel, CA 92656. (714)
476-0268.

National Pressure Ulcer Advisory Panel. 12100 Sunset Hills
Road, Suite 130, Reston, VA 20190. (703) 464-4849.
<http://www.npuap.org>.

OTHER

“Bed Sores.” American Health and Herbs Ministry. March 15,
1998 [cited April 9, 2003]. <http://www.healthherbs.
com>.

“Pressure Ulcers.” American Medical Association. January 8,
2003 [cited April 9, 2003]. <http://www.nlm.nih.gov/
medlineplus>.

“Preventing Bedsores.” Mayo Clinic. June 5, 2001 [cited Feb-
ruary 20, 2003]. <http://www.mayoclinic.com>.

“Preventing Pressure Ulcers.” Atlanta Health Pages Library.
[cited April 9, 2003]. <http://www.healthpages.org/AHP/
LIBRARY/HLTHTOP/MISC/bedsore.htm>.

Maureen Haggerty
L. Lee Culvert

Betamethasone see Corticosteroids

Bicarbonate test see Electrolyte tests
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Bile duct stone removal see Endoscopic
retrograde cholangiopancreatography

Biliary stenting
Definition

A biliary stent is a plastic or metal tube that is in-
serted into a bile duct to relieve narrowing of the duct
(also called bile duct stricture).

Purpose

Biliary stenting is used to treat obstructions that
occur in the bile ducts. Bile is a substance that helps to
digest fats and is produced by the liver, secreted through
the bile ducts, and stored in the gallbladder. It is released
into the small intestine after a fat-containing meal has
been eaten. The release of bile is controlled by a muscle
called the sphincter of Oddi found at the junction of the
bile ducts and the small intestine.

There are a number of conditions, malignant or be-
nign, that can cause strictures of the bile duct. Pancreatic
cancer is the most common malignant cause, followed by
cancers of the gallbladder, bile duct, liver, and large intes-
tine. Noncancerous causes of bile duct stricture include:

« injury to the bile ducts during surgery for gallbladder re-
moval (accounting for 80% of nonmalignant strictures)

* pancreatitis (inflammation of the pancreas)

* primary sclerosing cholangitis (an inflammation of the
bile ducts that may cause pain, jaundice, itching, or
other symptoms)

« gallstones

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Biliary stenting is usually performed in the x-
ray department of a hospital or outpatient facil-
ity in consultation with a general surgeon, a
gastroenterologist (a medical doctor who spe-
cializes in the diagnosis and treatment of dis-
eases of the digestive system), and/or an inter-
ventional radiologist (a medical doctor who
specializes in the treatment of medical disor-
ders using specialized imaging techniques).
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Biliary stenting

QUESTIONS TO ASK
THE DOCTOR

e Why is biliary stenting recommended in my
case?

e What diagnostic tests will be performed prior
to the stenting procedure?

* What technique will be used to place the
stent?

e What type of stent will be used and how long
should it last?

e Is surgical repair of the stricture a better alter-
native?

« radiation therapy

* blunt trauma to the abdomen

Demographics

The overall incidence of bile duct stricture is not
known. Approximately 0.2—-0.5% of patients undergoing
gallbladder surgery or other operations affecting the bile
duct develop biliary stricture.

Description

A biliary stent is a thin, tube-like structure that is
used to support a narrowed part of the bile duct and pre-
vent the reformation of the stricture. Stents may be made
of plastic or metal. The two most common methods that
are used to place a biliary stent are endoscopic retro-
grade cholangiopancreatography (ERCP) and percuta-
neous transhepatic cholangiography (PTC).

ERCP

ERCP is an imaging technique used to diagnose dis-
eases of the pancreas, liver, gallbladder, and bile ducts that
also has the advantage of being used as a therapeutic de-
vice. The endoscope (a thin, lighted, hollow tube attached
to a viewing screen) is inserted into a patient’s mouth, down
the esophagus, through the stomach, and into the upper part
of the small intestine, until it reaches the spot where the bile
ducts empty. At this point a small tube called a cannula is
inserted through the endoscope and used to inject a contrast
dye into the ducts; the term retrograde refers to the back-
ward direction of the dye. A series of x rays are then taken
as the dye moves through the ducts.

If the x rays show that a biliary stricture exists, a
stent may be placed into a duct to relieve the obstruction.
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In order to do this, special instruments are inserted into
the endoscope and a sphincterotomy (a cut into the
sphincter of Oddi) is performed to provide access to the
bile ducts. In some cases, the biliary stricture may first
be dilated (expanded) using a thin, flexible tube called a
catheter, followed by a balloon-type device that is inflat-
ed. The stent is then inserted into the bile duct.

PTC

PTC is similar to ERCP in that the test is used to di-
agnose and treat obstructions affecting the flow of bile
from the liver to the gastrointestinal tract. The procedure
is generally reserved for patients who have undergone un-
successful ERCP. A thin needle is used to inject a contrast
dye through the skin and into the liver or gallbladder; x
rays are taken while the dye moves through the bile ducts.
If a biliary stricture becomes evident, a stent may then be
placed. A hollow needle is introduced into the bile duct,
and a thin guide wire inserted into the needle. The wire is
guided to the area of obstruction; the stent is advanced
over the wire and placed in the obstructed duct.

Diagnosis/Preparation

Prior to ERCP or PTC, the patient will be instructed
to refrain from eating or drinking for at least six hours to
ensure that the stomach and upper part of the intestine
are free of food. The physician should be notified as to
what medications the patient takes and if the patient has
an allergy to iodine, which is found in the contrast dye.
Antibiotics will be started prior to surgery and contin-
ued for several days afterward.

Aftercare

After the procedure, the patient is monitored for
signs of complications. In the case of ERCP, the patient
generally remains at the hospital or outpatient facility
until the effects of the sedative wear off and to ensure no
complications occur. After PTC, the patient is instructed
to lie on his or her right side for at least six hours to re-
duce the risk of bleeding from the injection site. To en-
sure that the stent is functioning properly, the patient will
be frequently assessed for symptoms that indicate the re-
currence of biliary stricture. These symptoms include
changes in stool or urine color, jaundice (yellowing of
the skin), itching, and abnormal liver function tests.

Risks

Complications associated with ERCP include exces-
sive bleeding, infection, pancreatitis, cholangitis (inflam-
mation of the bile ducts), cholecystitis (inflammation of
the gallbladder), and injury to the intestine. PTC may re-
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KEY TERMS
Hepatic duct—A duct that carries bile from the
liver.

Intestinal perforation—A hole in the intestinal wall.

Pancreas—An organ that secretes pancreatic juice
into the upper part of the intestine; pancreatic
juice is composed of specialized proteins that
help to digest fats, proteins, and carbohydrates.

sult in bleeding, infection of the injection site, sepsis
(spread of infection to the blood), or leakage of the dye
into the abdomen. Complications specific to the stent in-
clude migration (movement of the stent out of the area in
which it was placed), occlusion (blockage), and intesti-
nal perforation.

Normal results

In more than 90% of patients, the placement of a
biliary stent relieves the obstruction and allows the bile
duct to drain properly.

Morbidity and mortality rates

The rate of serious complications with ERCP is ap-
proximately 11%, and 5-10% with PTC. Stent occlusion
occurs in up to 25% of patients, and stent migration in up
to 6%. Recurrence of biliary stricture occurs in 15-45% of
patients after an average time of four to nine years.

Alternatives

The major alternative to biliary stenting is surgical
repair of the stricture. The most common method is re-
section (removal) of the narrowed area followed by the
creation of a connection between the bile duct and the
middle portion of the small intestine (called a choledo-
chojejunostomy) or the hepatic duct and the small intes-
tine (called a hepaticojejunostomy). Surgical stricture re-
pair results in a cure for 85-98% of patients and is asso-
ciated with a low risk of complications.

Resources

BOOKS

Feldman, Mark, et al. Sleisenger & Fordtran’s Gastrointestinal
and Liver Disease. 7th ed. Philadelphia: Elsevier Science,
2002.

ORGANIZATIONS

American Gastroenterological Association. 7910 Woodmont
Ave., 7th Floor, Bethesda, MD 20814. (301) 654-2055.
<http://www.gastro.org>.
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American Society for Gastrointestinal Endoscopy. 1520 Kens-
ington Rd., Suite 202, Oak Brook, IL 60523. (630)
573-0600. <http://www.asge.org>.

Society of Interventional Radiology. 10201 Lee Highway,
Suite 500, Fairfax, VA 22030. (800) 488-7284. <http://
www.sirweb.org>.

OTHER

Pande, Hemant, Parviz Nikoomanesh, and Lawrence Cheskin.
“Bile Duct Strictures.” eMedicine. June 3, 2002 [cited
May 1, 2003]. <http://www.emedicine.com/med/topic
3425 .htm>.

Yakshe, Paul. “Biliary Disease.” eMedicine. March 29, 2002
[cited April 7, 2003]. <http://www.emedicine.com/MED/
topic225.htm>.

Stephanie Dionne Sherk

Biliopancreatic diversion see Gastric bypass
Bilirubin test see Liver function tests

Birthmark excision see Hemangioma
excision

Bispectral index
Definition

The bispectral index (BIS) is one of several systems
used in anesthesiology as of 2003 to measure the effects
of specific anesthetic drugs on the brain and to track
changes in the patient’s level of sedation or hypnosis. In
technical terms, the bispectral index itself is a complex
mathematical algorithm that allows a computer inside an
anesthesia monitor to analyze data from a patient’s elec-
troencephalogram (EEG) during surgery. BIS, which has
been in use since 1997, is a type of automated direct
measurement of the patient’s condition, in comparison to
the Glasgow Coma Scale and similar scoring systems,
which are indirect assessments of sedation.

Purpose
Anesthetic depth

A brief discussion of anesthetic depth may be helpful
in understanding people’s interest in monitoring the
brain’s responses to anesthesia. Ever since the first mod-
ern anesthetics (ether, chloroform, and nitrous oxide)
were used in the 1840s, doctors have been searching for a
reliable method of measuring the depth of the patient’s
unconsciousness in order to guarantee the safety as well
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as the painlessness of surgery. Anesthetic drugs, whether
inhaled or given intravenously, are toxic in high doses;
too high a dose can stop the patient’s breathing. On the
other hand, too small a dose can result in the patient’s
coming to various degrees of awareness during surgery.
Events of this type occur frequently enough to be publi-
cized in general medical news sources as well as the pro-
fessional literature. One Australian medical journal re-
ports that postoperative recall of operations, including the
patient’s overhearing conversations among members of
the surgical team as well as feeling helpless and experi-
encing physical pain, occurs in one of every 1,000 pa-
tients undergoing non-cardiac surgery and three of every
1,000 cardiac patients. An Israeli researcher gives the rate
of accidental awareness during surgery as between 0.2%
and 1.2% of patients. According to an American news ac-
count, “An estimated 40,000 to 200,000 mid-operative
awakenings may occur each year in the United States
alone.” Research has indicated that patients’ attitudes to-
ward undergoing surgery are affected by the possibility of
awakening during the procedure. A group of Australian
researchers found that 56% of a group of 200 patients
awaiting surgery had heard about awareness during oper-
ations, mostly from the mass media; 42.5% of the group
expressed anxiety about it. Post-traumatic stress disorder
(PTSD) is a common result of awareness episodes; a
2001 study done at Boston University reported that
56.3% of a group of patients who had awakened during
surgery met the diagnostic criteria for PTSD—as late as
17 years after their operation.

There are several reasons for anesthesiologists’ diffi-
culty in evaluating dosages of anesthetic agents:

* The lack of a universally accepted definition of “con-
sciousness.” There are a number of scientific periodi-
cals devoted solely to the study of human conscious-
ness, as it concerns philosophers, psychologists, psy-
chiatrists, and lawyers, as well as doctors involved in
anesthesiology and critical care medicine. Some re-
searchers emphasize the emotional or psychological di-
mensions of consciousness while others focus on phys-
iological definitions—for example, the response of skin
or muscle tissue to painful stimuli.

The complex effects of anesthesia on the human organ-
ism. Scholarly debates about the nature of human con-
sciousness are reflected in the variety of different goals
that surgical anesthesia is expected to achieve. These
goals are usually listed as blocking the nervous system’s
responses to pain (analgesia), inducing muscular relax-
ation and blocking reflexes (areflexia), keeping the pa-
tient asleep during the procedure (hypnosis), and pre-
venting conscious recall of the procedure afterwards
(amnesia). It is not always possible, however, to meet all
four goals with the same degree of accuracy, since some
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patients suffer from health conditions that require the
anesthesiologist to keep them under lighter sedation in
order to lower the risk of heart or circulation problems.

The increased use of combinations of anesthetic agents
rather than single drugs. At present, anesthesiologists
rarely use inhaled anesthetics by themselves; most pre-
fer what is known as balanced anesthesia, which com-
bines inhaled and intravenous anesthetics. When differ-
ent agents are used together, however, they are often
synergistic, which means that they intensify each
other’s effects. This characteristic makes it more diffi-
cult for the anesthesiologist to predict how much of
each drug will be needed during the operation.

Changes in the patient’s response to anesthesia over the
course of the operation.

» Age- and sex-related differences in responsiveness to
specific anesthetics. Anesthesiologists have become in-
creasingly aware of the special needs of elderly pa-
tients, for example; they are more likely than younger
patients to develop cardiovascular complications under
anesthesia. With regard to sex, several studies have re-
ported that women appear to emerge from anesthesia
more rapidly than men after standardized anesthetic ad-
ministration with the same agents.

» Large differences among individuals apart from age or
sex groupings in regard to sensitivity to anesthesia.

Indirect measurements of consciousness

Indirect methods that allow an observer to assess a
person’s level of awareness have been used since the
early 1970s. The earliest and most widely used instru-
ment for evaluating impaired consciousness is the Glas-
gow Coma Scale (GCS), first published in the Lancet in
1974. The GCS evaluates the patient’s responsiveness
under three headings: eye response (four levels of re-
sponsiveness), verbal response (five levels), and motor
(movement) response (six levels). A normally conscious
individual would score 15, the maximum score. In prac-
tice, however, the total score on the GCS is usually bro-
ken down into three subscores for the three types of re-
sponse measured; thus E2V2M3 would represent a total
GCS score of 7. Total scores on the Glasgow Coma
Scale are interpreted as follows: 13—14 indicates mild
impairment of consciousness; 9—12 indicates moderate
impairment; 8 or lower indicates coma.

There are about a dozen other scales that have been
devised to measure consciousness in addition to the
GCS; the two that are the most important in this context
are the Ramsay Sedation Score, first published in 1974
as a measurement of sedation in patients receiving intra-
venous sedatives prior to surgery; and the Observer’s As-
sessment of Alertness/Sedation Scale (OAA/SS), first
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used in 1990 for the same purpose as the Ramsay. These
two instruments are significant because they are com-
monly used in research evaluations of the bispectral
index and similar monitoring systems. The Ramsay
Score is a six-point scale ranging from one (“patient agi-
tated or restless”) through six (“patient asleep; has no re-
sponse to firm nailbed pressure or other noxious stim-
uli”). A score of 1 indicates inadequate sedation; 2—4, an
acceptable level of sedation; and 5-6, oversedation.

The OAA/SS resembles the Glasgow Coma Scale in
that it evaluates different categories of responsiveness,
although the categories are different. The OAA/SS mea-
sures the patient’s responsiveness to his or her name,
quality of speech, degree of facial relaxation, and ability
to focus the eyes.

Direct measurements of consciousness

A variety of different physiological responses have
been used in attempts to measure the depth of a patient’s
unconsciousness under anesthesia. Most anesthesiolo-
gists use hemodynamic responses—the patient’s blood
pressure and heart rate—as basic guidelines for adjusting
the amount of anesthetic delivered to the patient during
surgery. Other direct measurements have been based on
movements of the patient’s body during surgery, hormon-
al responses, sweating, eye movement, and the reactivity
of the eyes to light. One difficulty that has emerged from
these attempts at direct measurement is that that they are
not good predictors of the likelihood of awareness during
surgery or recall of the procedure after surgery.

Another measurement that researchers have ex-
plored in their attempts to measure depth of anesthesia
directly is the electroencephalogram, or EEG. The EEG
is a complex recording of the electrical activity of the
nerve cells in the brain. The first published paper on the
EEG was written in 1929 by Dr. Hans Berger, an Austri-
an psychiatrist, on 73 recordings of brain waves using
his son Klaus as the subject. Berger was the first to dis-
tinguish between alpha and beta brain waves, and to use
the term EEG to describe the technique of electroen-
cephalography. In 1931 Berger discovered that brain
waves change in amplitude and frequency when a person
is asleep or anesthetized; they slow down, shift to lower
frequencies, and become more closely synchronized
with one another. He also noted that such diseases as
multiple sclerosis and Alzheimer disease affect a per-
son’s EEG.

Several attempts were made in the late 1980s and
early 1990s to make use of what is known about changes
in the EEG in order to monitor anesthetic depth. One at-
tempt is known as spectral edge frequency, or SEF. SEF
is the frequency just above 95% of the total power spec-
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trum of electrical energy recorded on an EEG. It was
thought that the spectral edge frequency would be useful
in guiding adjustments of anesthetics administered dur-
ing surgery. Unfortunately, SEF is difficult to use with
balanced anesthesia; it is also difficult to correlate with
such other measures of anesthetic depth as movement or
memory of the procedure. Another method that has been
tried is median frequency, which is based on the median
frequency of the complex EEG electrical signal at any
given moment. This method proved to have the same
drawbacks as spectral edge frequency. The bispectral
index can be understood historically as a slightly later
and more sophisticated attempt to use EEG signals to
monitor patients’ responses to anesthesia.

Development of the bispectral index

The bispectral index was first developed in the early
1990s by applying bispectral analysis to EEG record-
ings. Bispectral analysis is a method of analyzing the
mathematical relationships among the various compo-
nents of an EEG signal (phase couplings) as well as
measuring amplitudes and frequencies. To compile a
database for the index, researchers recorded EEGs from
several thousand patients and volunteers anesthetized
with a range of commonly used anesthetics and anesthet-
ic combinations. Each subject’s depth of unconscious-
ness was evaluated on the basis of a modified version of
the OAA/SS described earlier (in the volunteers) or the
amount of drug concentration in blood serum (in the pa-
tients). Segments of the recorded EEGs were used to
draw up a set of EEG features that were then tested for
their ability to distinguish between different levels of se-
dation or unconsciousness. The index that resulted from
this process was then tested on different EEG recordings
from the researchers’ larger database. It is scaled from
100 to O so that the BIS value decreases linearly with in-
creasing doses of anesthesia.

It should be noted that the bispectral index is a work
in progress. As new anesthetic agents are developed and
used, the BIS algorithm is continually retested and re-
fined. In addition, the algorithm is proprietary informa-
tion, which means that it is kept secret by the company
that developed it.

Description

When a patient is brought into the operating room,
special BIS sensors are applied to his or her forehead. No
additional gels or electrodes are required. The anesthesi-
ologist can attach the sensors to the patient in less than 30
seconds, since preparing the patient’s skin requires no
more than an alcohol wipe to provide good electrical con-
tact. The BIS system itself is integrated into patient moni-
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Bispectral index

toring devices produced by a number of different manu-
facturers that use enhanced EEG monitors. The BIS sys-
tem displays both raw data from the EEG and a single
number between 100 (indicating an awake patient) and O
(indicating the absence of brain activity) that represents
the patient’s degree of sedation. The target number for
most anesthetized patients is between 50 and 60.

Results
Current applications of BIS

BIS is presently used in intensive care units (ICUs)
and some emergency departments as well as in operating
rooms. According to company information, the bispectral
index is used in about 26% of all hospital operating rooms
in the United States as of late 2002. It is claimed that BIS
reduces the risk of patient awareness during surgery as
well as lowering hospital costs by speeding patient recov-
ery and reducing the overuse of anesthetic agents.

Limitations of BIS

As of 2003, published studies of the bispectral index
and other anesthetic monitoring systems presently avail-
able indicate that none of them can be considered a
“gold standard” for preventing instances of patient
awareness under anesthesia or for predicting the depth of
anesthesia in a specific patient. Researchers have noted
several specific limitations of the BIS system:

* BIS values are affected by the choice of anesthetic
agent. This finding means that a patient with a BIS
score of 60 anesthetized with one combination of
agents may be more deeply sedated than another pa-
tient with the same score but anesthetized with a differ-
ent combination of drugs. In addition, the BIS monitor
appears unable to accurately track changes in con-
sciousness produced by certain anesthetics, specifically
ketamine and nitrous oxide.

The changes in the BIS algorithm resulting from updat-
ing and refinement of the producer’s database make it
difficult to compare results obtained by different inves-
tigators using different versions of the BIS monitor.
This fact also leaves hospital-based anesthesiologists
uncertain as to whether findings based on earlier ver-
sions of the BIS system are still valid.

BIS values are difficult to correlate with other measure-
ments of anesthetic depth or altered consciousness.
One group of Norwegian researchers found that BIS
values had little relationship to serum blood concentra-
tions of anesthetic agents. Other researchers in the
United States have found that BIS scores showed wide
variability when compared with Glasgow Coma Scores
for emergency room patients.
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» Standard BIS scores are not useful in monitoring spe-
cial patient populations, particularly critically ill pa-
tients with unstable body temperatures and patients
with dementia.

Alternatives

Other anesthesia monitoring systems that are in use
as of 2003 include the Patient State Analyzer, or PSA
4000, which is also based on EEG data; and the A-Line
(R) monitor, which processes signals derived from audi-
tory stimuli. Current opinion among anesthesiologists
appears to be that none of the present monitoring sys-
tems are sufficiently sensitive to guarantee that patients
will not awaken during surgery while simultaneously
preventing undesirable cardiovascular reactions, other
stress responses, or overuse of anesthetic agents.

See also Anesthesiologist’s role; Intensive care unit
equipment; Sedation, conscious.
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KEY TERMS

Algorithm—A procedure or formula for solving a
problem. It is often used to refer to a sequence of
steps used to program a computer to solve a spe-
cific problem.

Analgesia—Absence of the ability to feel pain. The
term is also sometimes used to refer to pain relief
without loss of consciousness. An analgesic is a
drug that is given to relieve pain.

Anesthesia—Loss of the ability to feel pain, brought
about by administration of a drug or such other
medical interventions as hypnosis or acupuncture.

Anesthesiology—The branch of medicine that spe-
cializes in the study of anesthetic agents, their ef-
fects on patients, and their proper use and admin-
istration.

Areflexia—A condition in which the body’s normal
reflexes are absent. It is one of the objectives of
general anesthesia.

Balanced anesthesia—The use of a combination of
inhaled and intravenous drugs in anesthetizing pa-
tients.

Coma—A state of unconsciousness from which a
person cannot be aroused, even by strong or painful
stimuli.
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Electroencephalogram (EEG)—A recording of the
electrical activity of the nerve cells in the brain.
The first such recording was made in 1929 by
Hans Berger, an Austrian psychiatrist.

Hemodynamics—Measurement of the movements
involved in the circulation of the blood; it usually
includes blood pressure and heart rate.

Hypnosis—The term is used to refer to a specific
verbal technique for refocusing a person’s attention
in order to change their perceptions, judgment,
control of movements, and memory. A hypnotic
medication is one that induces sleep.

Proprietary—Referring to a drug, device, or formu-
la that is secret or sold only by the holder of the
patent, trademark, or copyright. The algorithm
used in BIS systems is proprietary information.

Sedation—A condition of calm or relaxation,
brought about by the use of a drug or medication.

Sequela (plural, sequelae)—An abnormal condi-
tion or event resulting from a previous disease or
disorder.

Synergistic—Enhancing the effects of another
drug. Anesthetics given in combination are often
synergistic.
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Bladder augmentation
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Bladder augmentation
Definition

Bladder augmentation, also known as augmentation
cystoplasty, is reconstructive surgery to increase the
reservoir capacity of the bladder. The procedure is very
common and involves tissue grafts (anastomosis) from a
section of the small intestine (ileum), stomach, or other
substitutes that are attached to the urinary bladder by
sewing or stapling. Whether due to chronic obstructive
bladder damage, birth defects that resulted in small
reservoir capacity, or dysfunction due to nerve innerva-
tion of the bladder muscle (sphincter), surgery is chosen
only after a thorough medical work-up that involves as-
sessment of the lower urinary tract, functional physio-
logical evaluation, and anatomic assessment. Some la-
paroscopic methods (surgery with a fiber-optic instru-
ment inserted through the abdomen) of bladder augmen-
tation have been tried, but reports indicate that these are
technically arduous and may not have the long-lasting
effects of open surgery.

Purpose

Bladder dysfunction and incontinence may be due to
problems with the reservoir capacity of the bladder or with
the “gatekeeping” muscle (the sphincter), which, instructed
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

A urological surgeon who is an MD with ad-
vanced training in urology and special surgical
training for this type of surgery. Surgery takes
place in a general hospital.

by the brain, allows urine to build up or to be released.
Bladder augmentation is used to treat serious and irre-
versible forms of incontinence and to protect the upper uri-
nary tract (kidney function) from reflexia (urine back up to
the kidneys). Many candidates for the surgery are highly
compromised individuals with other serious conditions like
spinal cord injuries and multiple sclerosis, as well as pa-
tients likely to undergo kidney transplantation. Patients
who undergo bladder augmentation must be free of bowel
and urethral disease and be able to perform self-catheteri-
zation (able to place a urinary tube into their urethra).

Description

Standard augmentation involves segments of the
bowel used to create a pouch or wider wall for the blad-
der in order to enhance its reservoir capacity. Often this
reconstruction surgery is accompanied by procedures that
tighten the neck of the bladder, as well. Milkulicz per-
formed the first clinical augmentation cystoplasty using
abdominal tissue in 1898. Couvelaire, in the 1950s, popu-
larized bladder augmentation for the treatment of the con-
tracted bladder due to tuberculosis. Until the 1970s it was
thought that those with bladder dysfunction could be
treated with bladder diversion, and that this procedure of-
fered a simple and safe means of emptying the bladder.
However, it was soon discovered that pressure from the
bladder caused irreparable damage to the kidneys, with
50% of patients exhibiting such deterioration. The new
diagnostic assessment of the bladder as well as the need
for a new medical intervention for patients with severe
bladder dysfunction opened the way for urinary tract re-
construction. Today, many techniques are available, along
with new types of grafting substitutions.

The basic procedure involves open abdominal surgery
with resection of a 10-20 in (25-30-cm) segment of ileum,
cecum (first part of the large intestine), or the ileocecum
(the junction of small and large intestines) cut down the
middle (detubularized), and shaped into a U-configuration
with a pouch at the bottom. This opening or pouch will be
the “patch” for the bladder. During surgery, the bladder it-
self is also opened at the dome and cut at right angles to
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Bladder augmentation
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During a bladder augmentation procedure, an incision is made in the abdomen to expose the intestines and bladder (A). A
section of ileum (small intestine) is removed and opened (B). After being sterilized, it is grafted onto the bladder to increase
its capacity (C). The appendix and cecum (large intestine) may also be used (D). (/llustration by GGS Inc.)

create a clam-like shape. The open bowel “patch” is then
attached to the bladder with sutures or stapling.

Diagnosis/Preparation

Patients selected for bladder augmentation are cho-
sen after they undergo a thorough physical exam, x-ray
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tests, and bladder physiology tests, as well as a renal and
bladder ultrasound for any dilation of the kidneys or
ureters or kidney obstruction. A VCUG (holding and
voiding urine) test is performed to assess the contour of
the bladder and to assess for ureteral reflux (back up of
urine to the kidneys). Finally, a CMG (cystometrogram)
is performed in the physician’s office to judge the pres-
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Bladder augmentation

QUESTIONS TO ASK
THE DOCTOR

e How many bladder augmentation surgeries
do you perform a year?

e What complications of this surgery do you
think are the most likely and/or worrisome?

e Are there other patients with my underlying
medical conditions who have had this
surgery that | could contact?

e Is there a pre-op patient group with this hos-
pital that could help me understand my reha-
bilitation and help with the compliance with
the diet and self-catherization?

sure and volume levels at which the urine leakage oc-
curs. Once the tests, as well as the history and physical
exam are completed, treatment plans commence.

The patient should plan for up to two weeks in the
hospital. The patient will have been on a low-residue diet
for a few days before admission. Surgery will take place
two to three days after hospital admittance. In the hospi-
tal, a general examination will be performed and blood
taken. The bowel will need to be cleaned in preparation.
Clear fluids will be given, as well as a strong laxative
prior to surgery.

Aftercare

Early complications of surgery include cardiovascu-
lar, thrombo-embolic (blood clot), gastrointestinal, and
respiratory complications associated with major abdomi-
nal surgery. Many patients require three months after
surgery to allow their augmented bladder to establish it-
self. This involves a special diet for a few months as well
as patient familiarity with the fact that the augmented
bladder empties after the native bladder. Two weeks after
surgery tests are performed to ensure that the patch is
leak proof. Once a watertight reservoir is demonstrated,
the catheters and drains that were introduced for surgery
are removed.

Risks

Long term risks of the procedure include peptic ul-
ceration of the bladder and perforation of the gastric seg-
ment. Spontaneous perforation is rare but it is life threat-
ening and has a 25% mortality rate. Other risks include
bacterial infections, metabolic changes, urinary tract in-
fections, and urinary tract stones. Nocturnal inconti-
nence is sometimes a problem after the surgery.
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Normal results

Although some patients recover spontaneous void-
ing function, this does not occur with reliable pre-
dictability. Preoperatively, patients should be prepared
for the likelihood that they will have to perform lifelong
intermittent catherization and irrigation of the augment-
ed bladder. Other effects are a special diet for up to three
months and pain after surgery.

Morbidity and mortality rates

Reported surgical risks include 3-5.7% rate of adhe-
sive small bowel obstruction requiring operative inter-
vention, 5—6% incidence of wound infection, 0-3% re-
operation rate for bleeding. Long term complications in-
clude a 50% unchanged bladder compliance and renal
deterioration. No reduction in growth in children has
been reported, but the procedure is not recommended for
children who have not reached puberty, unless there is
the threat of kidney damage.

Alternatives

Bladder augmentation is a medical treatment of last
resort for those patients unable to avoid incontinence
through medical alternatives. Other surgeries may be in-
dicated if the individual is not a candidate for self-
catherization or has other medical or psychological con-
ditions that would rule out bladder augmentation.
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KEY TERMS

Anamotosis—The surgical union of parts and es-
pecially hollow tubular parts.

Catherization—the use of or insertion of a catheter
(as in or into the bladder, trachea, or heart).

Cystoplasty—Reconstructive surgery of the uri-
nary bladder.

Neurogenic bladder—A urinary problem of neu-
rological origin in which there is abnormal empty-
ing of the bladder with subsequent retention or in-
continence of urine.

Ureter—Either of the paired channels that carry
urine from a kidney to the bladder.

National Kidney and Urologic Diseases Information Clearing-
house. 3 Information Way, Bethesda, MD 20892-3580.
(301) 654-4415. <http://www.niddk.nih.gov>.

The Simon Foundation for Continence. P.O. Box 835 Wilmette,
IL 60091. (800) 23SIMON (237-4666). <http://www.simon
foundation.org>.
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Carr, Michael, and M. E. Mitchell. “Bladder Augmentation.”
Digital Urological Journal. [cited April 2003]. <http://
www.duj.com/Article/Carr/Carr.html>.

“Neurogenic Bladder.” [cited April 2003]. <http://www.med.
wayne.edu/urology/DISEASES/neurogenicbladder.html>.

Nancy McKenzie, Ph.D.

Bladder removal see Cystectomy

Bladder resection see Transurethral bladder
resection

Bladder tumor antigen test see Tumor
marker tests

Blepharoplasty
Definition

Blepharoplasty is a cosmetic surgical procedure that
removes fat deposits, excess tissue, or muscle from the
eyelids to improve the appearance of the eyes.
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Purpose

The primary use of blepharoplasty is for improving
the cosmetic appearance of the eyes. In some older per-
sons, however, sagging and excess skin surrounding the
eyes can be so extensive that it limits the range of vision.
In those cases, blepharoplasty serves a more functional
purpose.

Demographics

Approximately 100,000 blepharoplasty procedures
are performed each year in the United States. The proce-
dure is more common among women than men.

Description

Blepharoplasty can be performed on the upper or
lower eyelid. It can involve the removal of excess skin
and fat deposits and the tightening of selected muscles
surrounding the eyelids. The goal is to provide a more
youthful appearance and/or improve eyesight.

The surgeon will begin by deciding whether excess
skin, fat deposits, or muscle looseness are at fault. While
a person is sitting upright, the surgeon will mark where
incisions will be made on the skin. Care will be taken to
hide the incision lines in the natural skin folds above and
below the eye. The surgeon will then inject a local anes-
thetic to numb the pain. Many surgeons also administer a
sedative intravenously during the procedure.

After a small, crescent-shaped section of eyelid skin
is removed, the surgeon will work to tease out small

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Blepharoplasty procedures are performed by
surgeons with specialized training in plastic
and reconstructive surgery. They are most com-
monly performed in outpatient facilities or in
private professional offices. The procedure may
also be performed in a hospital.

In 2003, the average price of blepharoplasty for
both upper lids was approximately $4,000. For
both lower lids, the cost may be slightly higher.
The cost for both upper and lower blepharo-
plasty was approximately $6,000. These prices
usually include anesthesia and surgeon fees.
Medications and lab work, as well as any revi-
sionary work, are not included.
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Blepharoplasty
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With age, the skin sags beneath the eye (B). To repair the area, the surgeon pinches the excess (C), then marks areas for re-
moval (D). The incisions are closed with very fine stitches (E). (/llustration by GGS Inc.)

pockets of fat that have collected in the lids. If muscle
looseness is also a problem, the surgeon may trim tissue
or add a stitch to pull muscle tissue tighter. Then the in-
cision is closed with stitches.

In some persons, fat deposits in the lower eyelid
may be the only or primary problem. Such people may
be good candidates for transconjunctival blepharoplasty.
In this procedure the surgeon makes no incision on the
surface of the eyelid, but instead enters from behind,
through the inner surface of the lid, to tease out the fat
deposits from a small incision. The advantage of this
procedure is that there is no visible scar.

Diagnosis/Preparation

Before performing blepharoplasty, the surgeon will
assess whether a person is a good candidate for the treat-
ment. A thorough medical history is important. The sur-
geon will want to know about any history of thyroid dis-
ease, hypertension, or eye problems, which may increase
the risk of complications.

Prior to surgery, surgeons and their candidates meet
to discuss the procedure, clarify the results that can be
achieved, and discuss potential problems that might
occur. Having realistic expectations is important in any
cosmetic procedure. People will learn, for example, that
although blepharoplasty can improve the appearance of
the eyelid, other procedures, such as a chemical peel,
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will be necessary to reduce the appearance of wrinkles
around the eye. Some surgeons prescribe vitamin C and
vitamin K for 10 days prior to surgery in the belief that
this helps the healing process. Candidates are also told to
stop smoking in the weeks before and after the proce-
dure, and to refrain from using alcohol or aspirin.

Aftercare

An antibiotic ointment is applied to the line of stitch-
es each day for several days after surgery. Patients also
take an antibiotic several times a day to prevent infection.
Ice-cold compresses are applied to the eyes continuously
for the first day following surgery, and several times a day
for the next week or so, to reduce swelling. Some swelling
and discoloration around the eyes is expected with the
procedure. Persons should avoid aspirin or alcoholic bev-
erages for one week and should limit their activities, in-
cluding bending, straining, and lifting. The stitches are re-
moved a few days after surgery. People can generally re-
turn to their usual activities within a week to 10 days.

Risks

As with any surgical procedure, blepharoplasty can
lead to infection and scarring. Good care of the wound
following surgery can minimize these risks. In cases
where too much skin is removed from the eyelids, people
may experience difficulty closing their eyes. Dry eye syn-
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drome may develop, requiring the use of artificial tears to
lubricate the eye. In a rare complication, called retrobulbar
hematoma, a pocket of blood forms behind the eyeball.

Normal results

Most people can expect good results from blepharo-
plasty, with the removal of excess eyelid skin and fat
producing a more youthful appearance. Some swelling
and discoloration is expected immediately following the
procedure, but this clears in time. Small scars will be left
where the surgeon has made incisions; but these general-
ly lighten in appearance over several months, and, if
placed correctly, will not be readily noticeable.

Morbidity and mortality rates

If too much excess skin is removed from the upper
eyelid, persons may be unable to close their eyes com-
pletely. Another surgery to correct the defect may be re-
quired. Similarly, too much skin can be removed from the
lower eyelid, allowing too much of the white of the eye
(the sclera) to show. In extreme cases, the lower lid may
be pulled down too far, revealing the underlying tissue.
This is called an ectropion and may require a second, cor-
rective surgery. The eye’s ability to make tears may also
be compromised, leading to dry eye syndrome. Dry eye
syndrome is potentially dangerous; in rare cases it leads
to damage to the cornea of the eye and vision loss.

Alternatives

Some of the alternatives to blepharoplasty include
losing some excess body fat, exercise, accepting one’s
body and appearance as it is, or using makeup to down-
play or emphasize facial features.

See also Face lift; Liposuction.
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QUESTIONS TO ASK
THE DOCTOR

* What will be the resulting appearance?

e |s the surgeon board certified in plastic and
reconstructive surgery?

e How many blepharoplasty procedures has
the surgeon performed?

e What is the surgeon’s complication rate?

Cather, J. C., and A. Menter. “Update on Botulinum Toxin for
Facial Aesthetics.” Dermatology Clinics of North America
20 (2002): 749-761.
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Yaremchuk, M. J. “Restoring Palpebral Fissure Shape after
Previous Lower Blepharoplasty.” Plastic and Reconstruc-
tive Surgery 111 (2003): 441-450.
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American Board of Plastic Surgery. Seven Penn Center, Suite
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American College of Surgeons. 633 North Saint Claire Street,
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org>.
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Blood donation and registry

KEY TERMS
Ectropion—A complication of blepharoplasty, in
which the lower lid is pulled downward, exposing
the inner surface.

Intravenous sedation—A method of injecting a
fluid sedative into the blood through the vein.

Retrobulbar hematoma—A rare complication of
blepharoplasty, in which a pocket of blood forms
behind the eyeball.

Transconjuctival blepharoplasty—A type of ble-
pharoplasty in which the surgeon makes no inci-
sion on the surface of the eyelid, but, instead, en-
ters from behind to tease out the fat deposits.

“Eyelid Surgery (Blepharoplasty).” Department of Otolaryn-
gology/Head and Neck Surgery at Columbia University
and New York Presbyterian Hospital. 2002 [cited April
2003]. <http://www.entcolumbia.org/bleph.htm>.

Galli, Suzanne K. Doud, and Phillip J. Miller. “Blepharoplasty,
Transconjunctival Approach.” emedicine. September 11,
2001 [cited April 2003]. <http://www.emedicine.com/ent/
topic95.htm>.

L. Fleming Fallon, Jr., MD, DrPH

Blood clot prevention see Venous
thrombosis prevention

Blood count see Complete blood count

Blood crossmatching see Type and screen

Blood donation and registry
Definition

Blood donation, also called blood banking, refers to
the process of collecting, testing, preparing, and storing
whole blood and blood components intended primarily
for transfusion. Blood donors are typically unpaid vol-
unteers, but they may also be paid by commercial blood
donation and processing enterprises, such as independent
blood banks and donor centers. Blood registry refers to
the collection and sharing of data about donated blood
and donors. Donors who have been determined to be
temporarily or permanently ineligible to donate blood
are listed in a confidential national data base known as
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the Donor Deferral Register. The quality and safety of
the U.S. blood supply is governed by physician-estab-
lished guidelines for the practice of blood banking as
found in the Standards of the American Association of
Blood Banks (AABB) and through the organization’s in-
spection and accreditation program. The Food and Drug
Administration (FDA) controls federal licensure of
blood banks. Hospital blood banks are also inspected by
The College of American Pathologists (CAP) and the
Joint Commission on Accreditation of Healthcare Orga-
nizations (JCAHC).

Purpose

Blood is collected, processed, stored, and distributed
to maintain an adequate supply of whole blood and
blood components for transfusion as needed. Blood re-
placement may be needed by people who have lost blood
through accidents, burns, hemorrhage, or surgery. Blood
or blood components are also used in the treatment of
certain types of anemia, various disease conditions, and
for medical research.

Healthy donors may be called upon to donate peri-
odically to help maintain the overall blood supply or
when their specific blood type is needed. People may
sometimes donate blood to benefit a specific person. Di-
rected donor blood is reserved for an intended recipient,
such as a family member or friend; it is tested and
processed as all other donated blood to ensure that it is
appropriate for the recipient. People preparing for elec-
tive surgery may have their blood collected and held,
and then returned to them if needed during their surgery.
This process is known as autologous blood donation.
Donors are advised to give blood only once in an eight-
week period to maintain the iron stores in their blood.
Autologous donors may donate more often if it is deter-
mined by their physician to be to their benefit.

The National Blood Data Resource Center reports
that about 13.9 million units of whole blood (one unit
of whole blood equals 450 ml, or about 1 pt) are donat-
ed annually in the United States, of which about
695,000 are autologous donations for elective surgery.
The country’s blood supply is donated by about eight
million people, representing a broad cross section of
the population, although fewer than 5% of those eligi-
ble donate. About half of the total amount needed is
processed, stored, and delivered by the 36 regional
blood centers of the American Red Cross; hospital
blood banks, community blood centers, mobile blood
drives, and independent blood banks collect, process,
and distribute the other half.

Blood is donated as whole blood, collected in a plas-
tic bag containing an anticoagulant that will keep the
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blood from clotting and allow it to be separated into mul-
tiple components. By dividing blood into components
that each offer different clinical benefits, one unit of do-
nated blood can meet the transfusion needs for more than
one person. This practice is essential to meet the con-
stant demand for blood; every year in the United States,
more than four million people require blood transfu-
sions. About 26 million transfusions are administered ei-
ther as whole blood or components that have been pre-
pared from whole blood. About 34,000 units per day, for
example, are transfused as red cells.

Whole blood and blood components are used in var-
ious ways to meet the clinical needs of recipients. Whole
blood is sometimes used to replace blood volume when a
significant amount of blood has been lost through acci-
dents or surgery. Red blood cells, which carry oxygen,
are used to treat certain anemias and are often the pre-
ferred component when multiple transfusions are being
administered to one person, as in open heart surgery or
organ transplants. Platelets, part of the complex coagula-
tion (clotting) system that helps control bleeding, are
commonly used in the treatment of acute leukemia and
some types of cancer. Fresh frozen plasma, which con-
tains critical coagulation factors, is used to control bleed-
ing in people who lack these factors. Cryoprecipitated
(prepared from frozen plasma) antihemophilic factor
(AHF) is transfused to provide a specific coagulation
factor that is deficient in hemophilia and other diseases.
Blood for transfusion is requested by physicians. Pre-
transfusion testing and issuance of blood and compo-
nents to the recipients is performed by a transfusion ser-
vice, which is commonly provided or supervised by a
hospital blood bank.

Description

The actual process of donating whole blood takes
about 20 minutes. The donor will either lie down or will
sit in a special donor chair that elevates the lower body
and legs. After selecting an appropriate vein, the phle-
botomist (an individual trained in blood collection tech-
nique) will clean the arm well at the site of the needle
puncture (venipuncture). With a tourniquet tightly in
place on the donor’s arm, a sterile needle is inserted into
a vein. As the tourniquet is released, blood flows through
plastic tubing into a plastic blood bag. The donor may be
asked to open and close a fist to encourage blood to flow.
Usually only one unit of blood is collected. Pressure is
applied to the site of the venipuncture until the blood
flow has been stopped. Donors are then escorted to an
observation area, given light refreshments that include
liquid, and allowed to rest. Positive identification of the
donor and the blood bag from that donor are essential.
The same unique identification number is assigned to the
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Individual units of blood being stored in a blood bank.
(Custom Medical Stock Photo. Reproduced by permission.)

bag, all samples from the bag used for testing, and on all
donor and testing records.

Plasma, the liquid portion of whole, anticoagulated
blood in which blood cells, coagulation factors, and
other blood constituents are suspended, is also collected.
This is often done by commercial enterprises that sell it
to companies manufacturing clotting factors and specific
plasma protein products, or to companies and institutions
engaged in medical research. Plasma is collected using a
process known as apheresis, in which whole blood is col-
lected, the desired blood component is removed, and the
remainder is returned to the donor. Collecting plasma
generally takes one to two hours. Apheresis may also be
used to collect other blood components, such as platelets
and granulocytes.

Different blood components vary in how long they
can be stored. Red blood cells can be refrigerated for up
to 42 days or coated with a protective agent and frozen at
extremely low temperatures in liquid nitrogen, a process
that preserves them for up to 10 years. Platelets must be

173

A13si8a4 pue uoneuop poojg



Blood donation and registry

used soon after they are prepared; they are stored at
room temperature for no more than five days. Fresh
frozen plasma and cryoprecipitated AHF can be kept for
as long as one year.

To ensure the safety of the blood supply, a multi-
tiered process of donor screening and deferral is em-
ployed. This involves donor education, taking a detailed
health history of each prospective donor, and giving po-
tential donors a simple physical examination, which in-
cludes measuring blood pressure and pulse rate, taking a
few drops of blood to test for hemoglobin, the iron-bear-
ing protein in blood, and also measuring blood cell vol-
ume. These tests will indicate general health and help
ensure that donation will not contribute to anemia in the
donor. At any point in the process, a potential donor may
be “deferred,” or determined to be ineligible to donate
blood. This deferral may be temporary or permanent, de-
pending on the reason. Potential donors are also encour-
aged to “self-defer,” or voluntarily decline to donate,
rather than put future blood recipients at risk.

In general, blood donors must be at least 17 years
old (some states allow younger people to donate blood
with their parents’ consent), must weigh at least 110 1b
(50 kg), and must be in good health. Donors with a histo-
ry of heart, lung, or liver disease or who are pregnant are
usually deferred. Donors can be disqualified if they are
known to have engaged in behavior that put them at risk
of infection (such as having had a tattoo, having had sex
with people in high-risk groups, having used illegal in-
travenous drugs, having had certain diseases, or having
been raped) or have spent time in specific parts of the
world, such as areas where malaria may be prevalent.

Preparation

All donated blood is extensively tested before being
distributed for use by transfusion services. The first step
is determining the blood type, which is the primary indi-
cation of who can receive the blood. Blood is also
screened for any irregular antibodies that could cause
complications for the recipients. In addition, donor blood
is screened for infectious diseases, such as hepatitis,
AIDS, and syphilis, by testing for specific markers of
these diseases that will appear in the blood of those in-
fected. These include: Hepatitis B surface antigen
(donors with this antigen are immune and can be accept-
ed), hepatitis B core antigen, hepatitis C virus antibody,
HIV-1 and HIV-2 antibodies, HIV p24 antigen, and
HTLV-I and HTLV-II antibodies. Other tests may be per-
formed if a recipient’s doctor requests them.

In order to detect the greatest possible number of in-
fections, when present at even the lowest levels in donor
blood, these screening tests are extremely sensitive. For
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this reason, however, donors sometimes receive false
positive test results. In these cases, more specific confir-
matory tests are performed to help rule out false positive
results. Blood found to be not suitable for transfusion is
discarded, and all items coming into direct contact with
donors are used only once and then discarded. Donors of
infected blood are entered into the Donor Deferral Reg-
ister to prevent subsequent donation of their blood at
other blood donation facilities.

There are eight major blood types comprising four
ABO groups (A, B, AB, and O), and the presence or ab-
sence of the Rh factor, designated as either type Rh posi-
tive (+) or type Rh negative (-). These types and their ap-
proximate distribution in the U.S. population are as fol-
lows: O+ (38%), O- (%), A+ (34%), A- (6%), B+ (9%),
B- (2%), AB+ (3%), AB- (1%). In an emergency, when
there may be no time for compatibility testing, anyone
can safely receive type O red blood cells, and people
with this blood type are known as “universal donors.”
People with type AB blood, known as “universal recipi-
ents,” can receive any type of red blood cells and can
give plasma to all blood types. Receiving the wrong
blood type can result in the destruction of red cells in the
recipients body and even death. For this reason, the
transfusion service must conduct more pre-transfusion
testing to determine the compatibility of the donor blood
with the blood of the recipient. This compatibility test-
ing, known as type and cross match, begins with match-
ing the major blood types. Additional testing will include
antibody screening of the recipient and, if specific anti-
bodies are found, testing of other blood groups (the MN
group or Kell and Lewis groups, for example) will be
done to find compatible donor blood.

Risks

Thanks to the use of a multi-tiered donor screening
system and advances in the effectiveness of screening
tests, the risk of transmitting infectious diseases to recipi-
ents via transfusion has been significantly diminished.
Nonetheless, there is still a minuscule risk that blood re-
cipients could contract human immunodeficiency virus
(HIV), hepatitis, or other diseases via transfusion. Other
diseases that are of particular concern to blood-collection
agencies include: babesiosis, Chagas disease, human T-
lymphotropic virus (HTLV-I and -II), cytomegalovirus
(CMV), Lyme disease, malaria, Creutzfeldt-Jakob dis-
ease, and new variant Creutzfeldt-Jakob disease.

There are few risks to healthy donors when AABB
standards for donation are followed. People who donate
blood replace the fluid they lose within 24 hours and the
red cells within two months. A person can safely donate
blood once in eight weeks. Donors’ blood will be tested
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KEY TERMS
Apheresis—Extraction of a specific component
from donated blood, with the remainder returned
to the donor.

Autologous donation—Blood donated for the
donor’s own use.

Granulocytes—White blood cells.

Plasma—The liquid part of anticoagulated blood.
(Serum is the term for the liquid in a clotted blood
sample.)

Platelets—Tiny, disk-like elements of plasma that
promote clotting.

prior to donation to determine their eligibility; those in-
eligible will be advised of the temporary or permanent
reasons for being disqualified. Their names will be
placed on the national deferral registry to prevent dona-
tion at other sites and to help protect the blood supply.

Medical professionals who draw the blood of eligi-
ble donors will advise donors of any necessary precau-
tions following donation. Most blood donors suffer no
significant after effects. Occasionally donors may feel
faint or dizzy, nauseous, or have tenderness, redness, or a
bruise where the needle was inserted to draw their blood.
More serious complications, which rarely occur, may in-
clude fainting, muscle spasms, or nerve damage.

AABB standards are designed to protect donors and
recipients and especially to help ensure that compatible
blood is transfused to each recipient. The accurate label-
ing of blood, blood components, and donor records, and
the recording of all data is essential from the time blood
is collected, through testing and preparation, and through
pre-transfusion testing and issuance of the blood or
blood component. Autologous blood donors run a tiny
risk of having the wrong blood returned to them due to
clerical error. There is also a faint possibility of bacterial
contamination of the autologous blood. These rare oc-
currences apply to all other transfusions as well.

Resources

BOOKS

McClatchey, Kenneth D., M.D., ed. “Section XI: Blood Trans-
fusion Medicine.” Clinical Laboratory Medicine. Balti-
more: Williams & Wilkins, 1994.

Starr, Douglass. Blood: An Epic History of Medicine and Com-
merce. New York: Alfred A Knopf, 1998.
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McKenna, C. “Blood Minded.” Nursing Times (April 6, 2000):
27-28.
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American Association of Blood Banks. 8101 Glenbrook Road,
Bethesda, MD 20814-2749. (301) 907-6977. <http://
www.aabb.org>.

American Red Cross. 430 17th Street NW, Washington, D.C.
20006. <http://www.redcross.org>.

National Blood Data Resource Center. (301) 215-6506. <http://
www.nbdrc.org>.

Peter Gregutt
L. Lee Culvert

Blood pressure measurement
Definition

Blood pressure measurement is the non-invasive
measurement of the pressure exerted by the circulating
blood on the walls of the body’s arteries.

Purpose

The purpose of non-invasive blood pressure mea-
surement is to detect any changes from normal values,
which may indicate disease. Measurement is also per-
formed to monitor the effectiveness of medication and
other methods used to control elevated blood pressure.

Blood pressure should be routinely checked every
one to two years and may be monitored more closely
during illnesses that affect blood pressure or during med-
ical treatments which may change blood pressure. Mea-
surement can be taken as often as every few minutes.

Precautions

As there may be no prior knowledge of the patient’s
previous blood pressure for comparison, a wide range of
normal values apply to patients of different ages. The
inflated cuff can cause discomfort, and this should be
taken into account when dealing with very ill patients.
Patients with a history of sickle cell anemia should not
have non-invasive blood pressure measurements made
with a typical blood pressure cuff, because the sickling
process can be initiated by the pressure on the arm.
Blood pressure measurements should occur on a limb
free of intravascular catheters and arterial venous fistu-
las (joined artery and vein) used for chronic dialysis.

Description

Blood pressure is usually recorded by measuring the
force of the blood during the contraction of the ventricles
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Blood pressure measurement

(lower chambers of the heart) as blood is pumped from
the heart to the rest of the body (systolic pressure), and
during the period when the heart is relaxed between
beats and pressure is lowest (diastolic pressure).

The cardiac output, resistance, quality, and quantity
of blood circulating through the heart, and the condition
of the arterial walls are all factors that influence the
blood pressure. Hypertension is an elevation in the blood
pressure above normal values, with the diastolic pressure
being the indicator most commonly used.

Hypotension is a reduction in the blood pressure
below normal values. If a very high or very low pressure
is taken, the blood pressure reading may be inaccurate
and should be repeated immediately, prior to the initia-
tion of medical treatment.

The non-invasive blood pressure is taken using a
sphygmomanometer, a hand bulb pump, and a cuff.

The sphygmomanometer may be electronic or mer-
cury-based. The mercury-based unit has a manually in-
flatable cuff attached by tubing to the unit that contains
mercury and is calibrated in millimeters of mercury. The
electronic unit is similar, but is mercury free and inflates
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and deflates automatically with the reading displayed
digitally. The electronic units are also calibrated to dis-
play the measurement in millimeters of mercury. Blood
pressure can be measured with either unit, although elec-
tronic units are becoming more commonplace in both
home care and clinical use.

Children and adults with smaller or larger than aver-
age-sized limbs require special sized cuffs appropriate
for their needs. The blood pressure cuff is usually placed
on the arm, but can also be used on the leg.

To record blood pressure, the patient may be seated or
lying down. The cuff will be positioned so that it is level
with the heart. With an electronic unit the cuff is placed in
accordance with manufacturer instructions on the bare
upper arm, on the bare wrist, or on the bare index finger.

If the blood pressure is monitored with a manual
system, a cuff is placed level with the heart and wrapped
firmly but not too tightly around the bare arm 1 in (2.5
cm) above the elbow, with any creases in the cuff
smoothed out. Leg measurements, require the cuff to be
positioned below the groin on the bare leg over the
femoral artery.
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Following the manufacturer’s guidelines (electronic
models), the cuff is inflated and then deflated automati-
cally. The reading is displayed and recorded by the user.
The results are charted with the systolic pressure first,
then by the diastolic pressure in the following manner,
xxx/xx (e.g., 120/70). A manual system requires a
stethoscope be placed over the artery, the cuff is then in-
flated until the artery is occluded and no sound is heard
through the stethoscope.

The cuff is then inflated a further 10 mm Hg above
the last sound heard. The valve in the pump is slowly
opened no faster than 5 mm Hg per second to deflate the
pressure in the cuff to the point where a tapping sound is
heard over the artery. This point is noted as the systolic
pressure. The sounds continue as the pressure in the cuff
is released and the artery is no longer occluded. At this
point, the noises are no longer heard and this is noted as
the diastolic pressure.

With children, the tapping noise changes to a soft
muffled sound. That point is noted as the diastolic pres-
sure, as commonly in children, sounds continue to be
heard as the cuff deflates to zero.

Preparation

Medical staff should explain the procedure fully to
the patient and reassure him or her that recording blood
pressure is part of normal health checks and that it is
necessary to ensure the patient’s health is being correctly
monitored. The appropriate-sized cuff should be used for
the patient to give an accurate reading.

The test can be performed at any time, but is best
performed when the patient has been resting for at least
five minutes so that any exertion, such as climbing stairs
prior to the test, will not unduly influence the outcome of
the reading.

Devices should be checked and calibrated annually
by a qualified technician to ensure accurate readings.

Aftercare

The patient should be made comfortable. The medical
staff should be notified if the blood pressure measurement
is above or below normal values so treatment can be initi-
ated, continued, or adjusted. Repeated measurements are
required for screening purposes and continuity of care.

Results

The normal values for blood pressure measurement
is a systolic pressure of 120 mm Hg and a diastolic pres-
sure of 70-80 mm Hg. Mild hypertension is a diastolic
pressure above 90 mm Hg. The American Heart Associa-
tion states that a systolic pressure above 130-139 mm Hg
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KEY TERMS
Blood pressure—The pressure of the blood in the
cardiovascular system measured in millimeters of
mercury.

Diastolic—Minimum arterial blood pressure dur-
ing ventricular rest.

Hypertension—High blood pressure.
Hypotension—Low blood pressure.

Systolic—Maximum arterial blood pressure dur-
ing ventricular contraction.

needs to be watched carefully. Significant hypertension is
a systolic pressure above 200 mm Hg. The blood pressure
measurement is recorded and compared with normal
ranges for the patient’s age and medical condition. Based
on the results, a decision is made as to whether any fur-
ther action is required. Hypertension increases the risk of
serious diseases such as heart attack and stroke.

Hypotension is demonstrated by with a systolic
blood pressure under 80 mm Hg. Treatment options de-
pend on the patient’s current health and may include
blood or saline administration. Drugs to improve heart
rate and function may also be administered.

Resources

BOOKS
Nagel, Rob. “Measuring Blood Pressure.” In Body by Design:

From the Digestive System to the Skeleton, edited by Betz
Des Chesnes. Farmington Hills, MI: UXL, 2000.

ORGANIZATIONS

Skeehan, Thomas, and Michael Jopling. “Monitoring the Car-
diac Surgical Patient.” In The Practice of Cardiac Anes-
thesia, 3rd edition. Edited by Frederick A. Hensley, Don-
ald E. Martin, and Glenn P. Gravlee. Philadelphia: Lippin-
cott Williams & Wilkins, 2003.
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American College of Nurse Practitioners. 503 Capitol Ct. NE
#300, Washington, DC 20002. (202) 546-4825. acnp@
nurse.org.

American Heart Association. AHA National Center, 7272
Greenville Avenue, Dallas, TX 752311. (800) AHA-
USAL. <http://www.americanheart.org>.

OTHER

Cooper, Phyllis G. “Blood Pressure.” Clinical Reference Sys-
tems. Annual 2000: 173.

National Library of Medicine. [cited April 2003]. <http://
www.nlm.nih.gov>.

Margaret A Stockley, RGN
Allison J. Spiwak, MSBME
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Blood pressure measurement device see
Sphygmomanometer

Blood removal see Phlebotomy

Blood Salvage

Blood salvage

Definition

Blood salvage is the recovery of a patient’s own blood
from the surgical site to be readministered to the patient.

Purpose

Pre-operative blood salvage can be performed prior to
the surgical incision during the induction of anesthesia. This
blood is collected to be administered post-operatively, be-
cause the clotting factors and platelets are protected from
activation and destruction caused by the surgery. This pro-
cedure is most often used if cardiopulmonary bypass (use
of a heart-lung machine) will be instituted. If the blood is
not given to the patient, it will be discarded. Pre-operative
blood donation or autologous blood donation is a coordi-
nated donation process planned prior to a scheduled surgi-

cal procedure, but it is not considered blood salvage.

Blood salvage is performed during surgical proce-
dures when the risk of significant blood loss is expected.
The recovered blood is collected, processed, and readmin-
istered to the patient, decreasing or preventing the need for
allogeneic (from a donor) blood product administration. If
the blood is not given to the patient, it will be discarded.

Post-operative blood salvage is used to collect blood
from the surgical cavity as the wound heals. The blood is
collected, may or may not be processed, and returned to
the patient. If the blood is not given to the patient, it will

be discarded.

Administration of the patient’s own blood elimi-
nates the risk of transfusion-transmitted viral disease and
transfusion reactions. Patients with multiple red blood
cell antibodies or rare blood types benefit by blood sal-
vage during the perioperative (during surgery) and post-
operative period. Shortages of rare blood types can put
the patient at risk for cardiovascular collapse caused if

hemorrhage occurs during the surgical procedure.

Some Jehovah’s Witnesses patients refuse allogene-
ic blood donation. Blood salvage provides an opportuni-
ty for autologous blood donation for these patients. Cer-
tain modifications in collection technique make autolo-
gous blood donation an acceptable treatment for mem-

bers of this faith.
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Neurological, vascular, cardiac, liver transplant,
and orthopedic procedures make extensive use of blood
salvage techniques. Patients having surgical procedures
involving amniotic fluid, malignancies, bowel contami-
nation, or microfibrillar collagen materials are not eligi-
ble for blood salvage. In the presence of amniotic fluid
or bowel contamination, thorough rinsing of the surgical
site may allow for blood salvage.

Description
Preoperative blood salvage

The patient will be provided with cardiac monitor-
ing prior to the initiation of autologous blood collection.
A venous access site will be gained with a catheter. The
500-1,000 ml of whole blood is collected into a transfu-
sion container treated with anticoagulant. The container
is properly labeled for the patient and clearly marked
“AUTOLOGOUS DONOR.” The blood can be stored for
six hours if refrigerated, and will be destroyed if not
used within that time.

Blood collected in this manner is not processed fur-
ther, but stored for later administration. The whole blood
product provides not only red blood cells, but more im-
portantly, plasma proteins including clotting factors and
platelets. This technique is most often associated with
cardiopulmonary bypass, since the heart-lung machine
can damage clotting factors and platelets. The pre-opera-
tive collection protects the blood components.

Perioperative blood salvage

During surgery, the surgeon uses suction in the sur-
gical cavity to collect blood. Anticoagulant is mixed with
the blood at the tip of the suction apparatus. The blood is
filtered as it is collected into a container. From this col-
lection container the blood may be placed into a transfu-
sion container for direct administration to the patient.
This blood will be anticoagulated and will contain all
plasma proteins, including activated clotting factors and
platelets. More commonly, the blood is processed by
centrifugation. The blood is centrifuged to separate the
red blood cells from the plasma. The plasma is removed
as saline enters the centrifuge to wash the blood. Wash-
ing the blood removes anticoagulation, plasma-free he-
moglobin, and plasma proteins, including activated clot-
ting factors and platelets. This product is called washed
packed red cells. After washing is complete, the blood is
collected into a transfusion container free of anticoagu-
lant since all clotting factors have been removed during
washing. The container is properly labeled for the patient
and clearly marked “AUTOLOGOUS DONOR.” The
blood can be stored for six hours if refrigerated, and will
be destroyed if not used within that time.
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KEY TERMS
Allogeneic—Blood and blood products collected
from a blood donor for administration to a recipi-
ent.

Autologous—Blood and blood products collected
from an individual for readministration to self.

Catheter—Patients experiencing open heart
surgery will have at least one chest tube placed.
This catheter is placed in the chest cavity and pen-
etrates the chest wall to provide removal of blood
from the chest cavity for collection and readminis-
tration. Used in joint surgery, it is a tube left in the
joint cavity that penetrates the skin to provide
connection to the blood collection apparatus.

Transfusion container—An administration bag
made of polyvinyl chloride or other latex-free
polymer for collection of blood products for ad-
ministration to the patient. Use of the bag prevents
air bubbles in the venous system, assuming there is
no air trapped in the bag with the blood product.

Postoperative blood salvage

Postoperative blood salvage is used to remove shed
blood from the surgical cavity that has been closed at the
completion of the surgical procedure. At wound closure,
a catheter is left in the cavity and penetrates the skin for
connection to the collection reservoir. If the blood is col-
lected from the chest cavity, no anticoagulation is re-
quired. If the blood is collected from a joint, it must re-
ceive anticoagulation during collection. The blood from
the chest cavity is usually reinfused without additional
processing, but may be washed. Blood collected from a
joint must be washed prior to infusion. Washing involves
centrifugation of the blood to separate the red blood cells
from the plasma. In the plasma are the anticoagulant-free
hemoglobin and plasma proteins, including activated
clotting factors and platelets. Once the red blood cells
and plasma are separated, saline is introduced to the cen-
trifuge to displace the plasma with the end product col-
lected into a transfusion container. The final product is
called washed packed red blood cells. The container is
properly labeled for the patient and clearly marked “AU-
TOLOGOUS DONOR.” The blood can be stored for six
hours if refrigerated, and will be destroyed if not used
within that time.

Normal results

The patient will receive autologous blood donation
when the red blood cell volume, as measured by hemo-
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globin or hematocrit values, falls below the desired
level, commonly 18-21% or 6-7 g/dl, respectively.
These values will be dictated by the physician in the or-
ders for patient care.

If with the patient’s condition is acceptable, autolo-
gous blood donation with preoperative blood collection
occurs immediately following the termination of car-
diopulmonary bypass. Treatment of low red cell volume
is not best accomplished with this technique. Instead,
this technique supports coagulation.

Blood collected postoperatively will be adminis-
tered as need for maintenance of blood pressure or red
cell volume.

The patient benefits from blood salvage by the
elimination of the risk of blood-transmitted virus or
blood transfusion reactions. Blood transfusion reactions
are experienced by about 10% of recipients for each unit
transfused.

Resources
BOOKS

Spiess, Bruce D., et al., eds. Perioperative Transfusion Medi-
cine. Baltimore: Williams & Wilkins, 1998.

OTHER

“Guidance for Autologous Blood and Blood Components.” Au-
tologous Blood and Blood Components. Division of Blood
and Blood Products, HFB-400, Bethesda, MD 20892.
March 15, 1989 [cited April 3, 2003]. <http://www.fda.
gov/cber/bldmem/031589.pdf>.

Allison Joan Spiwak, MSBME

Blood sugar test see Glucose tests

Blood thinners see Anticoagulant and
antiplatelet drugs

Blood transfusion see Transfusion
Blood typing see Type and screen

Blood urea nitrogen test see Kidney
function tests

Bloodless surgery
Definition

Bloodless surgery is an approach to health care that
began in the 1960s as simple avoidance of the use of
transfused blood. It has grown over the last four decades,
however, to include changed attitudes toward blood con-
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servation as well as new technologies that minimize the
need for transfusions during surgery. The Center for
Bloodless Medicine and Surgery at Hartford Hospital in
Connecticut defines bloodless surgery as “...surgical and
medical treatment without the administration of blood or
blood-related products.”

Purpose

The new interest in bloodless surgery has emerged
from a variety of religious and social concerns as well as
medical, legal, and economic issues.

Religious and ethical considerations

One of the earliest motivations for bloodless
surgery was finding ways to treat Jehovah’s Witnesses
who needed emergency surgery without offending
their beliefs about blood transfusion. Many of the larg-
er bloodless surgery centers in the United States serve
areas with a large population of Jehovah’s Witnesses.
The specific Biblical passages that Witnesses cite as the
basis for their objections are Genesis 9: 4-5, in which
God forbids eating animal “flesh with its blood”; and
Acts 15:29, in which the Apostles ask their first converts
to “abstain from blood” as well as from other forms of
immorality. Mainstream commentators generally under-
stand the first passage as referring to eating an animal
that is still alive, and the second as referring to a contro-
versy among early Christians between Jewish and Gen-
tile converts. A group within the Jehovah’s Witnesses
community, the Associated Jehovah’s Witnesses for Re-
form on Blood (AJWRB), is a good resource for readers
interested in the range of views among contemporary
Witnesses regarding blood transfusions and in the Wit-
nesses’ interpretation of the Bible.

Respect for the religious beliefs of a specific group,
however, is related to a more general ethical concern for
patients’ rights. While a majority of bloodless surgical
procedures are still requested by Jehovah’s Witnesses,
as of 2003 the proportion of other patients requesting
bloodless surgery is rising and is expected to continue to
increase. Whereas in 1998 only 10% of bloodless surgi-
cal procedures were performed on non-Witnesses, by
the end of 2002 the proportion had risen to 30%. The
number of medical centers in the United States that
offer bloodless surgery has expanded from about 20 in
1996 to over 70 as of 2002. While the increased demand
for bloodless procedures stems partly from concerns
that will be discussed in the following sections, it also
reflects changing attitudes on the part of patients. One
nurse has described patients enrolling in bloodless
surgery programs as “proactive” people who are aware
that they have choices about health care and expect
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medical professionals to respect their decisions. This at-
titude is a considerable change from the “doctor knows
best” passive acceptance that characterized previous
generations of patients. Hospitals with bloodless
surgery centers emphasize the importance of patients’
ethical rights to privacy and self-determination as well
as their legal rights to refuse treatments that they find
objectionable.

Patient safety

The most important non-religious reason that pa-
tients give for requesting bloodless surgery is concern
about the safety of blood transfusions. These fears are
related to the quality of the American blood supply as
well as the process of blood transfusion itself.

* Bloodborne diseases. Many patients are afraid of con-
tracting diseases such as AIDS and hepatitis from allo-
geneic (donated) blood. The risk of contracting these
specific diseases has been vastly reduced over the past
40 years. According to Dr. Gregory Nuttall, chair of
the Committee on Transfusion Medicine of the Ameri-
can Society of Anesthesiologists, the risk of contract-
ing hepatitis from transfused blood has decreased from
one chance in 10 in the 1960s to less than 1:100,000
by 2000. The risk of contracting HIV infection has
been reduced by a factor of 10,000 since the virus was
first identified in 1983. Unfortunately, these statistics
do not reassure patients who are concerned about the
possibility of being infected by disease agents that
have not yet been identified as bloodborne. In addi-
tion, as of 2003 there is no way to screen potential
blood donors for four diseases caused by parasites
(malaria, babesiosis, Chagas’ disease, and Lyme dis-
ease) and one disease caused by prions (Creutzfeldt-
Jakob disease), even though the Centers for Disease
Control (CDC) have recorded cases of transfusion-
transmitted malaria, babesiosis, and Chagas’ disease in
the United States.

Transfusion reactions related to medical errors. In con-
trast to the reduction of risk from infection, there has
been little reduction of risk since 1960 of noninfectious
serious hazards of transfusion, or NISHOT. NISHOT
statistics include mistransfusion and ABO/Rh-incom-
patibility. Although transfusion errors are only a small
percentage of all medical errors reported in North
American hospitals, they are the most common cause of
serious mortality and morbidity associated with blood
transfusions. About 25 patients die each year in the
United States from transfusion errors involving ABO-
Rh incompatibility. These errors are due to misidentifi-
cation of type-and-crossmatch samples, laboratory er-
rors, or misidentification of the transfusion recipient.
Even patients who donate their own blood (autologous
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donation) in preparation for elective surgery cannot be
completely certain that their blood will be correctly la-
beled and used during their operation.

Immune system reactions. Allogeneic blood has been
shown to disrupt the immune system and reduce
longevity in cancer patients. Other studies have shown
that transfused donor blood suppresses the production
of B-cells and T-cells in recipients.

Availability of blood. Many healthcare professionals
are concerned about the growing shortage of blood for
surgical procedures in the United States. Some blood
types are less common than others; in addition, there
are often seasonal shortages of blood. In January 2003,
the American Red Cross, American Association of
Blood Banks, and the federal Department of Health and
Human Services issued an urgent appeal for blood do-
nations; many hospitals had less than a one-day supply
when a seven-day supply is considered optimal. There
is an increasing demand for blood; three million pints
of blood are used in the United States every year just
for elective surgery. In addition, many surgical proce-
dures require large amounts of blood or blood products.
According to the Center for Molecular and Cellular
Therapy at the University of Minnesota, a liver trans-
plant requires six to 10 units of red blood cells, 20 units
of plasma, and 10 units of platelets, while a bone mar-
row transplant takes one to two units of red blood cells
every other day for two to four weeks plus six to eight
units of platelets daily for four to six weeks.

Economic issues

The cost of allogeneic blood transfusions is higher
than most people realize. One hospital in New Jersey esti-
mates that each blood transfusion costs the patient about
$500. Another cost analysis published in the American
Journal of Surgery concluded that even though the donat-
ed blood itself is free, the costs of preparing, storing,
transporting, and unpackaging the blood come to $1,003
to $1,043 per patient receiving a transfusion—and this
figure does not include treating the medical complica-
tions associated with allogeneic blood transfusion.

Demographics

A significant problem confronting blood banks in
the United States is the growing proportion of older
Americans in the general population. Their numbers are
not matched by any corresponding increase in the donor
population; it is estimated that only 5% of American
adults give blood regularly. Although a wide cross-sec-
tion of the public can be found at blood drives, several
studies have shown that the statistically average donor is
a college-educated married Caucasian male between the
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ages of 30 and 50 with an above-average income. As of
2003, the elderly comprise about 13% of the American
population, but use about 25% of transfused blood. The
aging of the so-called baby boomer generation, which
represents a large segment of the population, is expected
to lead to a critical shortage of blood by 2030. The rise in
the number of complex orthopedic procedures associated
with high-volume blood loss that are performed largely
in elderly patients contributes to the likelihood of a se-
vere blood shortage over the next two decades.

Another demographic change that affects the size of
the population eligible to donate blood is the increased
popularity of tourism and the rising number of people
stationed in other countries by their employers or the
military. People who have been exposed to or have a his-
tory of certain diseases from living abroad are either in-
definitely or permanently deferred from giving blood.
Detailed policies regarding donor deferral from the
American Red Cross and the Department of Defense can
be found in All About Blood, a booklet from the Ameri-
can Association of Blood Banks (AABB) that can be
downloaded free of charge from the AABB web site.

Description

Bloodless surgery covers a wide variety of changes
in medical practice as well as new equipment and tech-
nological innovations.

Preoperative assessment of patients

A patient seeking bloodless elective surgery is care-
fully evaluated for a history of unexpected bleeding or
clotting problems after medical or dental procedures. He
or she will also be asked about a family history of bleed-
ing disorders.

The patient’s blood will be tested to determine he-
moglobin levels. In most cases, he or she will be given
medications to build up hemoglobin levels prior to
surgery. These are discussed in more detail below.

Care is taken to minimize the number and size of
blood samples drawn for presurgical testing. The inven-
tion of microanalyzers allows hospital laboratories to run
blood tests on samples of blood that are 30—60% smaller
than those previously collected, and to use the same
blood sample for multiple tests.

Reducing blood loss during surgery

NEW INSTRUMENTS AND SURGICAL TECHNIQUES.
The invention of several types of new surgical instru-
ments has allowed surgeons to perform a variety of pro-
cedures with minimal blood loss. Miniaturized endo-
scopes make it possible to perform surgery on the ab-
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domen and spine through very small incisions, often
shorter than 1 in (2.5 cm) in length. The invention of
argon beam coagulators, electrocautery devices, and har-
monic scalpels—which use a combination of ultrasound
vibration and friction to clot blood at the same time as
cutting—also help to make transfusions unnecessary. In
addition, surgeons are being trained to use extra caution
during surgery and to clamp or cauterize open blood ves-
sels as quickly as possible.

PERFORMING DIFFICULT PROCEDURES IN STAGES.
Blood transfusions can sometimes be avoided by sched-
uling lengthy surgical procedures in two stages. Al-
though this approach requires additional exposure to
general anesthesia, it can shorten the overall length of
the patient’s hospital stay. The patient can be discharged
after the first operation relatively quickly and build up
his or her hemoglobin levels before the second proce-
dure. In addition, the second surgery can be completed
without the need for allogeneic blood.

HYPOTENSION. Hypotension in surgery refers to the
intentional lowering of the patient’s arterial blood pres-
sure during the procedure. Lowering blood pressure has
been shown to reduce blood loss and the consequent need
for transfusions. It also shortens the length of time spent
in the operating room. The limitation of hypotension is
that it cannot be used in surgical procedures requiring tis-
sue grafting or in patients with coronary artery disease.

HEMODILUTION AND BLOOD SALVAGE TECH-
NIQUES. Hemodilution is a technique in which whole
blood from the patient is withdrawn before surgery for
temporary storage and replaced with crystalloid or col-
loid solutions that restore the normal fluid volume of the
blood without adding new blood cells. The patient thus
loses fewer red blood cells during surgery. At the close
of the operation the patient’s own blood is reinfused,
thus minimizing the possibility of transfusion error or a
transfusion reaction. Hemodilution has been approved
and recommended by experts at the National Heart,
Lung and Blood Institute (NHLBI) of the National Insti-
tutes of Health (NHI).

Blood salvage, which is also called autotransfusion,
involves an automated recovery system that collects the pa-
tient’s blood during surgery in a cell separation device.
This device separates the red blood cells from other blood
components, washes them, and concentrates them for rein-
fusion. As of 2003, however, autotransfusion cannot be
used in patients with malignant tumors or active infections.

Reevaluation of postoperative anemia

Another change that has affected the frequency and
number of blood transfusions is the reevaluation of anemia
and its effects on the body. At one time patients were auto-
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matically given blood transfusions if their hemoglobin
level fell below 10 g/dL. More recent studies have shown
that patients can tolerate hemoglobin levels of 5 g/dL or
even lower as long as the fluid volume of the blood is ade-
quate. These findings have led medical professionals to
question the wisdom of using blood as a “medication” for
treating anemia. At present, the so-called transfusion trig-
ger is a hemoglobin level of 7 g/dL, evaluated in the con-
text of the patient’s overall clinical condition.

Red cell substitutes

Researchers are presently investigating the possibili-
ty of manufacturing substitutes for red blood cells that
would reduce the cost of transfusions while improving
patient safety. As of 2002, the two approaches that have
been explored are cell-free hemoglobin solutions and
perfluorocarbon solutions. Neither approach has yielded
satisfactory results so far; the hemoglobin solutions have
a short half-life, and the perfluorocarbon solutions would
be difficult to administer intravenously. Further research
in this area is underway.

Diagnosis/Preparation
Administrative

Preparation for nonemergency bloodless surgery in-
cludes a registration process as well as medical prepara-
tion. In most American hospitals, a person who wants to
register for bloodless surgery makes an appointment with
the coordinator of the program. The coordinator, who is
usually an RN, reviews the patient’s request for bloodless
care with him or her. The patient is then given an advance
directive and enrollment form to sign. The documents are
kept on file with the patient’s preadmission chart. After
the patient is admitted, he or she is given a red (or other
distinctive color) wristband with the words “Do Not Ad-
minister Blood Products.” Signs and stickers with the
same warning are attached to the patient’s bed and the
front of the patient’s chart. These identifiers are necessary
because most hospitals with bloodless surgery programs
do not operate special units; their patients are admitted to
all hospital services together with other patients.

After the patient has signed the advance directive,
he or she is given a copy that may be reproduced and
given to friends or relatives in the event of an emergency.
Some bloodless surgery centers give pre-enrolled pa-
tients wallet cards that can be attached to a driver’s li-
cense, in the event that the patient needs emergency care
and is unable to speak for him- or herself.

Medical

One of the basic components of bloodless surgery
programs is presurgical treatment intended to boost the
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KEY TERMS

Allogeneic blood—Blood that comes from a human
donor other than the patient receiving the blood.

Autologous blood—The patient’s own blood,
drawn and set aside before surgery for use during
surgery in case a transfusion is needed.

Autotransfusion—A technique for recovering
blood during surgery, separating and concentrat-
ing the red blood cells, and reinfusing them in the
patient. Autotransfusion is also known as blood
salvage.

Electrocautery—A technique for sealing a blood
vessel with a holder that contains a wire heated by
electricity.

Erythropoetin—A hormone secreted chiefly by the
kidney (in adults) that stimulates the production of
red blood cells.

oxygen-carrying capacity of the patient’s blood. Patients
are given erythropoetin, or EPO, several weeks before
surgery. The usual dose is 600 units per kg of body
weight once a week for three weeks. EPO is a hormone
that stimulates the bone marrow to produce more red
blood cells, as many as seven times the normal amount.
The greater number of red cells increases the blood’s
ability to carry oxygen. In addition to the EPO, patients
are given iron supplements, most commonly ferrous sul-
fate, iron dextran, or vitamin B.

Normal results

Patients who have been treated in bloodless surgery
centers are generally satisfied with the care they receive.
Hospitals have found that patients recover faster with
fewer complications; several centers have reported that
patients requiring inpatient procedures leave the hospital
on average a full day earlier than patients who have had
conventional transfusions.

See also Blood donation and registry; Transfusion.
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Harmonic scalpel—A scalpel that uses ultrasound
technology to seal tissues while it is cutting.

Hemodilution—A technique in which the fluid
content of the blood is increased without increas-
ing the number of red blood cells.

Hemoglobin—The red pigment in red blood cells
that carries oxygen.

Hypotension—In the context of bloodless surgery,
the deliberate lowering of the patient’s arterial
blood pressure in order to decrease blood loss.

Plasma—The liquid portion of blood, as distin-
guished from blood cells. Plasma constitutes about
55% of blood volume.

Platelets—Disk-shaped structures found in blood
that play an active role in blood clotting. Platelets
are also known as thrombocytes.
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Bone grafting
Definition

Bone grafting is a surgical procedure that places
new bone or a replacement material into spaces between
or around broken bone (fractures) or in holes in bone
(defects) to aid in healing.

Purpose

Bone grafting is used to repair bone fractures that
are extremely complex, pose a significant risk to the pa-
tient, or fail to heal properly. Bone grafting is also used
to help fusion between vertebrae, correct deformities, or
provide structural support for fractures of the spine. In
addition to fracture repair, bone grafting is used to re-
pair defects in bone caused by congenital disorders, trau-
matic injury, or surgery for bone cancer. Bone grafts are
also used for facial or cranial reconstruction.

Demographics

Degenerative diseases of the spine increase with
age. People over age 50 are more likely to need a bone
graft if their condition requires surgery. Traumatic in-
juries occur most often in people 18—44 years.

Description

Bone tissue is a matrix-like structure primarily com-
posed of a protein called collagen. It is strengthened by
hydroxyapatite, deposits of calcium and phosphate salts.
Four types of bone cells are located within and around this
matrix. Together, these four types of cells are responsible
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Bone grafts are performed by orthopedic sur-
geons, neurosurgeons, craniofacial surgeons,
and periodontists. These physicians have spe-
cialized training in their field of expertise. They
have completed additional education beyond a
general medical residency. A physician be-
comes board certified after completing training
in a specialty area, passing examinations, and
meeting certification requirements. To become
certified, the physician must:

e Complete the education required for a med-
ical doctor or doctor of neurosurgery.

e Complete three to seven years of training in a
residency program in the specialty field.

e Pass a written, and sometimes an oral, test
given by the specialty board.

* Prepare for periodic recertification (required
in most fields).

Specialty boards certify that physicians have
met certain standards. Not all specialists are
certified; certification is voluntary.

The surgeon and his or her surgical team will
perform the surgery in a hospital on an inpa-
tient basis.

for building the bone matrix, maintaining it, and remodel-
ing the bone as needed. The four types of bone cells are:

* Osteoblasts, which produce the bone matrix.

* Osteocytes, mature osteoblasts that maintain the bone.
» Osteoclasts, which break down and remove bone tissue.
* Bone lining cells, which cover bone surfaces.

There are three ways that a bone graft can help re-
pair a defect.

* Osteogenesis, the formation of new bone by the cells
contained within the graft.

* Osteoinduction, a chemical process in which molecules
contained within the graft (bone morphogenetic pro-
teins, abbreviated as BMP) convert the patient’s cells
into cells capable of forming bone.

* Osteoconduction, a physical effect whereby the graft
matrix configures a scaffold on which cells in the recip-
ient form new bone.
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The term “graft” commonly refers to an autograft or
allograft. A graft made of bone from the patient’s own
body (e.g., hip bones or ribs) is an autograft. To obtain a
piece of bone for an autograft, the patient undergoes
surgery under general anesthesia. An incision is made
over the crest of the hip bone, a piece of bone is re-
moved, and the incision is stitched closed.

An allograft uses bone from a cadaver, which has been
frozen and stored in a tissue bank. Allografts are used be-
cause of the inadequate amount of available autograft ma-
terial, and the limited size and shape of a person’s own
bone. Bones for allografts are usually available from organ
and tissues donated by healthy people who die unexpected-
ly. Occasionally, allograft bone may be provided by a liv-
ing donor. Allograft bone is commonly used in reconstruc-
tive surgery of the hip, knee, and long bones, as well as
cases of bone loss due to trauma or tumors. Using allograft
tissue from another person eliminates the need for a second
operation to remove autograft bone or tendon. It also re-
duces the risk of infection, and safeguards against tempo-
rary pain and loss of function at or near the secondary site.

To place an autograft or allograft, the surgeon makes
an incision in the skin over the bone defect, and shapes
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the bone graft or replacement material to fit into it. After
the graft is placed into the defect, it is held in place with
pins, plates, or screws. The incision is stitched closed,
and a splint or cast is often used to prevent movement of
the bones while healing.

After the bone graft has been accepted by the body,
the transplanted bone is slowly converted into new living
bone or soft tissue, and incorporated into the body as a
functional unit.

Bone grafts for spinal fusion

In surgery of the spine, especially spinal fusion,
(also called arthrodesis), surgeons may decide to use
bone grafts to assist in the healing and remodeling of the
spine after surgery. Normally, small pieces of bone are
placed into the space between the vertebrae to be fused,
and sometimes larger solid pieces of bone provide im-
mediate structural support. Spinal fusion involves the
surgical treatment of abnormalities in the vertebrae, such
as curvatures, scoliosis or kyphosis, or injuries (frac-
tures). Bone grafts may be used in spinal fusion surgery
involving the lower (lumbar) or upper (cervical) spine.
Cervical spinal fusion joins selected bones in the neck.
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For bone grafting, an incision is made in the donor’s hip
(A). Pieces of bone are chipped off and removed (B). The
bone materials are then transferred to the recipient area, in
this case a femur that has been badly broken, to strengthen
the bone (C). (lllustration by GGS Inc.)
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This surgery may also be performed by other means,
such as metal rods, which would not require bone grafts.

Diagnosis/Preparation

The surgeon does a clinical examination, and con-
ducts tests to determine the necessity of a bone graft. Di-
agnostic tests determine the precise location of damage.
These tests include x rays, magnetic resonance imaging
(MRI), and computed tomography (CT) scan. They pro-
vide an image of the affected area, and indicate the exact
amount of damage that has occurred due to the fracture
or defect.

Orthopedic surgeries pose varying degrees of diffi-
culty. The patient is instructed on what will take place
during the procedure, as well as risks involved. A con-
sent form is obtained before surgery.

The following activities will help the patient prepare
for surgery.

« thorough physician consult before surgery

* banking some of his or her own blood in case a trans-
fusion is needed

« eating well to achieve good nutritional status before
and after surgery

» following a recommended exercise program before and
after surgery.

* maintaining a positive attitude

* smoking cessation

Aftercare

Pain is normal for a few days following surgery, and
medication is given regularly to alleviate this problem.
The patient will likely have a urinary catheter.

The time required for convalescence after bone
grafts due to fractures or spinal fusion varies from one to
10 days. Vigorous exercise may be limited for up to three
months. Children heal faster than adults.

If a spinal fusion was performed, the patient may be
discharged from the hospital with a back brace or cast.
The family will be taught how to provide home care for
the patient. A splint or cast prevents injury or movement
while healing.

Risks

The risks for any surgical procedure requiring anes-
thesia include reactions to the medications and breathing
problems. Bleeding and infection are also risks of surgery.

There is little risk of graft rejection for autografts,
but there are drawbacks:
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« additional surgical and anesthesia time (typically 30
minutes per procedure) to obtain or harvest the bone
for grafting

« added costs for the additional surgery

« pain and infection at the site from which the graft is
taken

« the relatively small amount of bone available for graft-
ing

« surgical complications, such as infection and pain that
sometimes last a longer period of time than the primary
surgery (up to two years)

Allografts also have drawbacks:

* Bone variability because it is harvested from a variety
of donors.

« Grafted bone may take longer to incorporate with the
host bone (than in an autograft).

* Graft may be less effective than an autograft.
« Possibility of transferring diseases to the patient.

* Potential immune response complications (patient’s
immune system fighting against the grafted bone tis-
sue). This problem is lessened through the use of anti-
rejection drugs.

Normal results

Most bone grafts are successful in helping the bone
defect to heal. The extent of recovery depends on the
size of the defect and the condition of the bone surround-
ing the graft at the time of surgery. Severe defects take
some time to heal, and may require further attention after
the initial graft. Less severe bone defects should heal
completely without serious complications. Repeat
surgery is sometimes required if the condition recurs or
complications develop.

If the bone graft is done on the face or head, the
surgeries usually result in a more normal appearance.

Morbidity and mortality rates

Although bone harvested from the patient is ideal,
postoperative morbidity is sometimes associated with
hip bone or fibula (part of the knee) autografts. Morbidi-
ty of allografts is usually related to the graft incorporat-
ing more slowly, and less completely, into the body.

In one study of over 1,000 patients who received
very large allografts after bone cancer surgery, re-
searchers found that approximately 85% were able to re-
turn to work or normal physical activities without crutch-
es. However, approximately 25% required a second op-
eration because the first graft did not heal properly.
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QUESTIONS TO ASK
THE DOCTOR

* What should be done prepare for the graft?

e Who will provide education about the graft-
ing process?

e How many attending surgeons are available
to do this type of surgery?

e How long is hospitalization necessary?
¢ How long will recovery take?

o When will it be safe to resume normal activi-
ties?

Infections associated with bacterial contamination
of allografts are rare. However, they can result in serious
illness and death.

Alternatives

Despite the increase in the number of procedures
requiring bone grafts, there is no ideal bone graft sub-
stitute. However, there are a variety of natural and syn-
thetic replacement materials used instead of bone, in-
cluding collagen (the protein substance of the white
fibers of the skin, bone, and connective tissue); poly-
mers, such as silicone and some acrylics; hydroxyap-
atite; calcium sulfate; and ceramics. Several new prod-
ucts are available or in development. They function as
bone graft substitutes or extenders. Demineralized bone
matrix (bone that has had its calcium removed) pos-
sesses some of the properties that the body uses to in-
duce bone formation. Calcium hydroxyappetite prod-
ucts or coral have structures similar to bone, and act as
scaffolding for new bone.

New BMP products are expected to be strong induc-
ers of bone growth (osteoinductive). These new products
will be relatively expensive, but will grow bone better
than the patient’s own bone, eliminating the need for
bone graft harvesting. Bone morphogenetic proteins
have been extracted from natural tissues and produced in
the laboratory to stimulate bone production in animals
and humans. Because they do not have the same draw-
backs as grafts, surgeons are hopeful that they will soon
be able to use BMP and laboratory produced BMP to aid
in the generation and repair of bone.

The INFUSE Bone Graft (rhBMP-2) has received
Food and Drug Administration approval, and has demon-
strated better patient outcomes than hip autografts with
regard to length of surgery, blood loss, hospital stay, re-
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KEY TERMS

Allograft—Tissue for transplantation that is taken
from another person.

Arthrodesis—Surgery that joins (or fuses) two
bones so that the joint can no longer move; it may
be done on joints such as the fingers, knees, an-
kles, or spine.

Autograft—Tissue for transplantation that is taken
from the patient.

Bone morphogenetic proteins—A family of sub-
stances in human bones and blood that encourage
the process of osteoinduction.

Computed tomography scan (CT)—A special type
of x ray that can produce detailed pictures of struc-
tures inside the body.

Fusion—A union, joining together; e.g., bone fusion.

Hydroxyapatite—A calcium phosphate complex
that is the primary mineral component of bone.

Magnetic resonance imaging (MRI)—A test that
provides images of organs and structures inside the
body using a magnetic field and pulses of radio
wave energy. This form of imaging detects tumors,
infection, and other types of tissue disease or dam-
age, and helps diagnose conditions that affect

operation rate, median time to return to work, and fusion
rates at six, 12, and 24 months following surgery.

Advances in tissue engineering have provided poly-
mer based graft substitutes with degradable, porous,
three-dimensional structure. New bone may be grown on
these products; the grafts then slowly dissolve, leaving
only the new bone behind.

See also Disk removal.
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blood flow. The area of the body being studied is
positioned inside a strong magnetic field.

Morbidity—A statistic that provides the rate at
which an illness or abnormality occurs.

Mortality—The death rate, which reflects the num-
ber of deaths per unit of population in any specific
region, age group, disease, or other classification,
usually expressed as deaths per 1,000, 10,000, or
1,000,000.

Osteoblasts—Bone cells that build new bone tissue.

Osteoclasts—Bone cells that break down and re-
move bone tissue.

Osteoconduction—Provision of a scaffold for the
growth of new bone.

Osteocytes—Bone cells that maintain bone tissue.
Osteogenesis—Growth of new bone.

Osteoinduction—Acceleration of new bone for-
mation by chemical means. Also refers to the
process of building, healing, and remodeling bone
in humans.

Vertebra—The bones that make up the back bone
(spine).
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Bone lengthening/shortening see Leg
lengthening/shortening

Bone marrow aspiration
and biopsy
Definition

Bone marrow aspiration, also called bone marrow
sampling, is the removal by suction of the soft, spongy
semisolid tissue (marrow) that fills the inside of the long
and flat bones. Bone marrow biopsy, or needle core
biopsy, is the removal of a small piece (about 0.75 X
0.06 in, or 2 X 0.16 cm) of intact bone marrow. The bone
marrow is where blood cells are made.

Purpose

Examination of the bone marrow may be the next
step that follows an abnormal clinical finding, such as an
abnormal complete blood count (CBC), and/or an ab-
normal peripheral blood smear. It may also be performed
following an abnormal bone image such as the finding of
a lesion on X rays.

GALE ENCYCLOPEDIA OF SURGERY

A biopsy of bone marrow shows the intact tissue, so
that the structure of the fat cells, lymphocytes, plasma
cells, fibrous connective tissue cells, and other cells, and
their relationships to each other, can be seen. A bone
marrow biopsy is used to:

« diagnose and manage any form of leukemia or other
myeloproliferative condition such as multiple myeloma

« rule out or confirm bone marrow infiltration by malig-
nancies such as Hodgkin’s disease, non-Hodgkin’s
lymphoma, and metastatic carcinoma

« monitor the effects of chemotherapy and the response
or lack of response to treatment of blood disease

« evaluate the success of bone marrow transplantation

« diagnose certain genetic diseases (e.g., lipid storage
disease)

« investigate pancytopenia (a decrease of all blood cells
in peripheral blood), neutropenia (decreased phagocyt-
ic white blood cells), or thrombocytopenia (decreased
platelets)

« diagnose an infection of unknown origin

« investigate rare anemias for which a cause cannot be
found or which does not respond to treatment as antici-
pated

* obtain intact bone marrow for laboratory analysis

« diagnose some types of cancer or anemia and other
blood disorders

« identify the source of an unexplained fever (e.g., granu-
lomatous lesions)

« diagnose fibrosis of bone marrow and myeloma when
bone marrow aspiration has failed to provide an appro-
priate specimen

The combination of aspiration and biopsy procedures
are commonly used to ensure the availability of the best
possible bone marrow specimen. The aspirate is collected
at the same time as the bone core biopsy by attaching a sy-
ringe to the bone marrow needle and withdrawing the sam-
ple before the cutting blades are inserted and the bone core
is removed. The aspirate is the sample of choice for study-
ing and classifying the nucleated blood cells of the bone
marrow (e.g., determining the ratio of immature white
blood cells to red blood cells (M:E ratio). The biopsy is the
only sample that shows the blood forming cells in relation
to the structural and connective tissue elements (i.e., the
microarchitecture) of the bone marrow. It provides the best
sample for evaluating the cellularity of the bone marrow
(the percentage of blood-forming tissue versus fat).

Description

Bone marrow aspiration and biopsy are performed
by a pathologist, hematologist, or oncologist with special
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

A physician requests or orders the procedure.
The aspirate and biopsy are most often per-
formed in a hospital or clinic by a hematologist
or pathologist that has been trained in the proce-
dure. The analysis of the bone marrow is done
by a pathologist, and a written report is added to
the patients medical record. A histologic techni-
cian performs special stains for bone marrow.
Clinical laboratory scientists/medical technolo-
gists perform smear reviews and analysis of
bone marrow cells by flow cytometry. Cytoge-
netic technologists may perform chromosomal
analysis of bone marrow white blood cells.

training in this procedure. The procedure may be per-
formed on an outpatient basis. In adults, the specimen is
usually taken from the posterior superior iliac crest (hip).
The sternum (breastbone) may be used for aspiration, but
is less desirable because it carries the risk of cardiac
puncture. Other sites that are rarely used are the anterior
superior iliac crest or a spinal column bone. When the
patient is a child, the biopsy site is generally the anterior
tibia, the larger of the two bones in the lower leg. A ver-
tebra may also be used.

The skin covering the biopsy site is cleansed with an
antiseptic, and the patient may be given a mild sedative.
The patient is positioned, and a local anesthetic such as
lidocaine is administered first under the skin with a fine
needle and then around the bone at the intended puncture
site with a somewhat larger gauge needle. When the area
is numb, a small incision is made in the skin and the
biopsy needle is inserted. Pressure is applied to force the
needle through the outer bone, and a decrease in resis-
tance signals entry into the marrow cavity. The needle
most often used for bone marrow biopsy is a Jamshidi
trephine needle or a Westerman-Jensen trephine needle. A
syringe is placed on the top of the needle and 1-2 ml of
the bone marrow is aspirated into the syringe. In some in-
stances, the marrow cannot be aspirated because it is fi-
brosed or packed with neoplastic cells. The syringe is re-
moved and the medical technologist uses this sample to
prepare several smears containing small pieces of bone
(spicules). Another syringe is fitted onto the needle hub
and another sample of 3 ml is removed and transferred to
a tube containing EDTA for analysis by flow cytometry,
cytogenetic testing, or other special laboratory proce-
dures. Following aspiration, the cutting blades are insert-
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ed into the hollow of the needle until they protrude into
the marrow. The needle is then forced over the tips of the
cutting blades and the needle is rotated as it is withdrawn
from the bone. This process captures the core sample in-
side the needle. A wire probe is inserted at the cutting end
and the bone marrow sample is pushed through the hub of
the needle onto sterile gauze. The specimen is used to
make several preparations on glass slides or coverglasses
and is transferred to a fixative solution.

In the laboratory, the aspirate slides are stained with
Wright stain or Wright-Giemsa stain. The biopsy materi-
al is sectioned onto glass slides and stained with hema-
toxylin-eosin, Giemsa, and Prussian blue stains. Prussian
blue stain is used to evaluate the amount of bone marrow
iron, and the other stains are used to contrast cell struc-
tures under the microscope. In addition, special stains
may be used that aid in the classification of malignant
white blood cells.

Diagnosis/Preparation

The physician should be informed of any medica-
tion the patient is using and any heart surgery that the pa-
tient may have undergone.

Adults require no special preparation for this test.
As for infants and children, they need physical and psy-
chological preparation depending on the child’s age, pre-
vious medical experiences, and level of trust.

Infant preparation

Before the test, parents should know that their child
will most probably cry, and that restraints may be used.
To provide comfort, and help their child through this
procedure, parents are commonly asked to be present
during the procedure. Crying is a normal infant response
to an unfamiliar environment, strangers, restraints, and
separation from the parent. Infants cry more for these
reasons than because they hurt. An infant will be re-
strained by hand or with devices because they have not
yet developed the physical control, coordination, and
ability to follow commands as adults have. The restraints
used thus aim to ensure the infant’s safety.

Toddler preparation

Parents should prepare a toddler for bone marrow
aspiration directly before the procedure, because tod-
dlers have a very short attention span. Some general
guidelines for parents include the following:

* Explain the procedure in a simple language, using con-
crete terms and avoiding abstract terminology.

» Make sure that the child understands where on his body
the procedure will be performed and that it will be lim-
ited to that area.
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« Allow the child to yell, cry, or express anything, espe-
cially pain, verbally.

» Describe how the test will feel.

« Stress the benefits of the procedure and anything that
the child may find enjoyable afterwards, such as feeling
better or going home.

Preschooler preparation

Parents should prepare a preschooler for bone mar-
row aspiration directly before the procedure, so that the
child does not worry about it for days in advance. Expla-
nations should be limited to 10 or 15 minutes, because
preschoolers also have a limited attention span. Parents
should also ensure that the child understands that the
procedure is not a punishment. Some general guidelines
for parents include the following:

« Explain the procedure in a simple language, using con-
crete terms and avoiding abstract terminology.

* Make sure that the child understands where on his or
her body the procedure will be performed and that it
will be limited to that area.

« Allow the child to yell, cry, or express anything, espe-
cially pain, verbally.

* Describe how the test will feel and be honest about any
pain that may be felt.

« Allow the child to practice different positions or move-
ments that will be required for the procedure.

« Stress the benefits of the procedure and anything that
the child may find enjoyable afterwards, such as feeling
better or going for a treat on the way home.

* Practice deep breathing and other relaxing exercises.
Practice also to have the child hold your hand and tell
him or her to squeeze it when he or she feels pain dur-
ing the procedure.

School-age child preparation

Explanations should be limited to 20 minutes, and
repeated if required. School-age children have a good
concept of time, allowing for preparation in advance of
the procedure. The older the child, the earlier a parent
can start preparation. Guidelines for parents include the
ones provided for preschoolers as well as the following:

* Suggest ways for maintaining control during the proce-
dure. For example, counting, deep breathing, and relax-
ation (thinking of pleasant thoughts).

* Include the child in the decision-making process, for
example, the time of day or the body site where the
procedure will be performed. These of course depend
on the scheduling constraints of your physician and the
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QUESTIONS TO ASK
THE DOCTOR

* What are the possible risks involved in this
procedure?

e How many times will the procedure be re-
quired?
* How do | prepare for the procedure?

* Must | do anything special after the proce-
dure?

* How long does it take to know the results?

¢ How many bone marrow aspirations/biopsies
do you perform each year?

type of procedure being performed, but where possible,
involve the child in the decisions.

» Encourage the child to participate in the procedure, for
example by holding an instrument, if allowed by the at-
tending hospital staff.

* Encourage the child to hold your hand or the hand of a
nurse. Physical contact does help reduce pain and anx-
iety.

Adolescent preparation

An adolescent is best prepared by being provided
with detailed information and reasons for the procedure.
Adolescents should be encouraged to make as many deci-
sions as possible. An adolescent may or may not wish a
parent to be present during the procedure, and such wish-
es should be respected, since privacy is important during
adolescence. Other guidelines include the following:

« Explain the procedure in correct medical terminology,
and provide the reason for it. Ask the physician about
the specific reason if you are not sure.

« To the best of your ability, describe the equipment that
will be involved in concrete terms.

« Discuss potential risks because adolescents are usually
quite concerned about any effects on appearance, men-
tal function, and sexuality. These concerns should be
addressed honestly and openly.

Aftercare

After the needle is removed, the biopsy site is cov-
ered with a clean, dry pressure bandage. The patient
must remain lying down and is observed for bleeding for
one hour. The patient’s pulse, breathing, blood pressure,
and temperature are monitored until they return to nor-
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KEY TERMS

Antibodies—Proteins that are produced normally
by specialized white blood cells after stimulation
by a foreign substance (antigen) and that act
specifically against the antigen in an immune re-
sponse.

Aspiration—A procedure to withdraw fluid and
cells from the body.

Connective tissue—Cells such as fibroblasts, and
material such as collagen and reticulin, that unites
one part of the body with another.

Fibrosis—A condition characterized by the pres-
ence of scar tissue, or reticulin and collagen prolif-
eration in tissues to the extent that it replaces nor-
mal tissues.

Hematologist—A specialist who treats diseases
and disorders of the blood and blood-forming or-
gans.

Hematoma—Blood that collects under the skin,
forms a blood clot, and causes swelling.

Hemorrhage—Heavy bleeding.

Immune system—Mechanism that protects the
body from foreign substances, cells, and pathogens

mal. The biopsy site should be kept covered and dry for
several hours.

The patient should be able to leave the clinic and re-
sume most normal activities immediately. Patients who
have received a sedative often feel sleepy for the rest of
the day; so driving, cooking, and other activities that re-
quire clear thinking and quick reactions should be avoid-
ed. Walking or prescribed pain medications usually ease
any discomfort felt at the biopsy site, and ice can be used
to reduce swelling.

A doctor should be notified if the patient:

« feels severe pain for more than 24 hours after the pro-
cedure

« experiences persistent bleeding or notices more than a
few drops of blood on the wound dressing

* has a temperature above 101°F (38.3°C)

« inflammation and pus at the biopsy site and other signs of
infection

Risks

A small amount of bleeding and moderate discom-
fort often occur at the biopsy site. Rarely, reactions to
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by producing the immune response, a concerted
defense involving the thymus, spleen, lymph
nodes, white blood cells including the B cells and
T cells, and antibodies.

Lymphocytes—Type of white blood cells that are
part of the immune system. The lymphocytes are
composed of three main cell lines; B lymphocytes,
T lymphocytes, and natural killer (NK) cells.

Myeloma (multiple myeloma)—A tumor of plasma
cells that originates in bone marrow and usually
spreads to more than one bone.

Needle biopsy—The procedure of using a large
hollow needle to obtain a sample of intact tissue.

Pathologist—A medical doctor that specializes in
identifying diseases by studying cells and tissues
under a microscope.

Plasma cells—Cells in the blood and bone marrow
that are formed from B lymphocytes, and that pro-
duce antibodies.

White blood cells (leukocytes)—Cells of the blood
that are responsible for fighting infection.

anesthetic agents, infection, and hematoma (blood clot)
or hemorrhage (excessive bleeding) may also develop. In
rare instances, the heart or a major blood vessel is pierced
when marrow is extracted from the sternum during bone
marrow biopsy. This can lead to severe hemorrhage.

Normal results

Healthy adult bone marrow contains yellow fat
cells, connective tissue, and red marrow that produces
blood. Bone marrow is evaluated for cellularity,
megakaryocyte production, M:E ratio, differential (clas-
sification of blood forming cells), iron content, lym-
phoid, bone, and connective tissue cells, and bone and
blood vessel abnormalities. The bone marrow of a
healthy infant is primarily red (75-100% cellularity), but
the distribution of blood forming cells is very different
than adult marrow. Consequently, age-related normal
values must be used.

Microscopic examination of bone marrow can re-
veal leukemia, granulomas, myelofibrosis, myeloma,
lymphoma, or metastatic cancers, bone marrow infec-
tion, and bone disease. Bone marrow evaluation is usual-
ly not needed to diagnose anemia, but may be useful in
cases that cannot be classified by other means.
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Bone marrow transplantation
Definition

The bone marrow—the sponge-like tissue found in
the center of certain bones—contains stem cells that are
the precursors of white blood cells, red blood cells, and
platelets. These blood cells are vital for normal body
functions, such as oxygen transport, defense against in-
fection and disease, and clotting. Blood cells have a lim-
ited life span and are constantly being replaced; there-
fore, the production of healthy stem cells is vital.

In association with certain diseases, stem cells may
produce too many, too few, or abnormal blood cells.
Also, medical treatments may destroy stem cells or alter
blood cell production. Blood cell abnormalities can be
life-threatening.

Bone marrow transplantation involves extracting
bone marrow containing normal stem cells or peripheral
stem cells from a healthy donor, and transferring it to a
recipient whose body cannot manufacture proper quanti-
ties of normal blood cells. The goal of the transplant is to
rebuild the recipient’s blood cells and immune system
and hopefully cure the underlying disease.

Purpose

A person’s red blood cells, white blood cells, and
platelets may be destroyed or may be abnormal due to
disease. Also, certain medical therapies, particularly
chemotherapy or radiation therapy, may destroy a per-
son’s stem cells. The consequence to a person’s health is
severe. Under normal circumstances, red blood cells
carry oxygen throughout the body and remove carbon
dioxide from the body’s tissues. White blood cells form
the cornerstone of the body’s immune system and defend
it against infection. Platelets limit bleeding by enabling
the blood to clot if a blood vessel is damaged.

A bone marrow transplant is used to rebuild the
body’s capacity to produce these blood cells and bring
their numbers to normal levels. Illnesses that may be
treated with a bone marrow transplant include both can-
cerous and noncancerous diseases.

Cancerous diseases may or may not specifically in-
volve blood cells; but, cancer treatment can destroy the
body’s ability to manufacture new blood cells. Bone
marrow transplantation may be used in conjunction with
additional treatments, such as chemotherapy, for various
types of leukemia, Hodgkin’s disease, lymphoma, breast
and ovarian cancer, renal cell carcinoma, myelodyspla-
sia, myelofibrosis, germ cell cancer, and other cancers.
Noncancerous diseases for which bone marrow trans-

193

UO!ll?].UE"dSUB.Il modiew auog



Bone marrow transplantation

plantation can be a treatment option include aplastic ane-
mia, sickle cell disease, thalassemia, and severe immun-
odeficiency.

Demographics

The decision to prescribe a bone marrow transplant
is based on the patient’s age, general physical condition,
diagnosis and stage of the disease. A person’s age or
state of health may prohibit use of a bone marrow trans-
plant. The typical cut-off age for a transplant ranges
from 40 to 55 years; however, a person’s general health
is usually the more important factor. Before undergoing
a bone marrow transplant, the bone marrow transplant
team will ensure that the patient understands the poten-
tial benefits and risks of the procedure.

The first successful bone marrow transplant took place
in 1968 at the University of Minnesota. The recipient was a
child with severe combined immunodeficiency disease and
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the donor was a sibling. In 1973, the first unrelated bone
marrow transplant was performed at Memorial Sloan-Ket-
tering Cancer Center in New York City on a five-year-old
patient with severe combined immunodeficiency disease.
In 1984, Congress passed the National Organ Transplant
Act which included language to evaluate unrelated marrow
transplantation and determine if a national donor registry
was feasible. The National Bone Marrow Donor Registry
(NBMDR), now called the National Marrow Donor Pro-
gram (NMDP), was established in 1986.

The NMDP Network has more than four million
volunteer donors and has Donor Centers and Transplant
Centers in 14 countries. About 40% of the transplants fa-
cilitated by the NMDP involve either a U.S. patient re-
ceiving bone marrow and/or stem cells from an interna-
tional donor, or an international patient receiving bone
marrow/stem cells from a U.S. donor.

The NMDP coordinates more than 130 stem cell
transplants each month. Approximately 12,000 total
bone marrow/stem cell transplants have been performed
since the organization was founded.

Description
Types of bone marrow transplants

AUTOLOGOUS AND ALLOGENEIC TRANSPLANTS.
Two important requirements for a bone marrow trans-
plant are the donor and the recipient. Sometimes, the
donor and the recipient may be the same person. This
type of transplant is called an autologous transplant. It is
typically used in cases in which a person’s bone marrow
is generally healthy but will be destroyed due to medical
treatment for diseases such as breast cancer and
Hodgkin’s disease. Autologous transplants are also pos-
sible if the disease affecting the bone marrow is in remis-
sion. If a person’s bone marrow is unsuitable for an au-
tologous transplant, the bone marrow must be derived
from another person in an allogeneic transplant.

An allogeneic bone marrow donor may be a family
member or an unrelated donor. The donated bone mar-
row/peripheral stem cells must perfectly match the pa-
tient’s bone marrow. The matching process is called
HLA (human leukocyte antigens). Antigens are markers
in cells that stimulate antibody production. HLA anti-
gens are proteins on the surface of bone marrow cells.
HLA testing is a series of blood tests that evaluate the
closeness of tissue between the donor and recipient. If
the donor and the recipient have very dissimilar antigens,
the recipient’s immune system regards the donor’s bone
marrow cells as invaders and launches a destructive at-
tack against them. Such an attack negates any benefits
offered by the transplant.

GALE ENCYCLOPEDIA OF SURGERY



Bone marrow transplant
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Bone marrow consists of red blood cells, white blood cells, and platelets (A). In a bone marrow transplant, bone marrow is
harvested from the donor’s pelvic bone at the iliac crest (B). The marrow is filtered (C) before being introduced into a large
vein in the recipient’s chest via a catheter (D). (/llustration by GGS Inc.)

NON-MYEOBLATIVE (“MINI”) ALLOGENEIC TRANS-
PLANTS. A “mini” transplant involves receiving low-
doses of chemotherapy and radiation therapy, followed
by the infusion of a donor’s bone marrow or peripheral
stem cells. The goal is to suppress the patient’s own
bone marrow with low-dose chemotherapy and radia-
tion therapy to allow the donor’s cells to engraft. If
there are cancer cells remaining in the patient’s body,
the donated cells are able to identify the cancer cells as
foreign and trigger an immune response, killing the
cancer cells. This is called the graft-versus-tumor ef-
fect. Mini transplants are still under investigation but
are promising for the future.
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PERIPHERAL BLOOD STEM CELL TRANSPLANTS. A
relatively recent development in stem cell transplantation
is the use of peripheral blood stem cells instead of cells
from the bone marrow. Peripheral blood stem cells
(PBSCs) are obtained from circulating blood rather than
from bone marrow, but the amount of stem cells found in
the peripheral blood is much smaller than the amount of
stem cells found in the bone marrow. Peripheral blood
stem cells can be used in either autologous or allogeneic
transplants. The majority of PBSC transplants are autol-
ogous. However, clinical studies indicate that PBSCs are
being used more frequently than bone marrow for allo-
geneic bone marrow transplantation.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Transplant physicians specially trained in bone
marrow transplantation should perform this
procedure. Bone marrow transplant physicians
have extensive experience in hematology/on-
cology and bone marrow transplant.

Selecting a transplant center that has a
multi-disciplinary team of specialists is impor-
tant. The bone marrow transplant team should
include transplant physicians, infectious disease
specialists, pharmacologists, registered nurses
and transplant coordinators. Other transplant
team members may include registered dieti-
tians, social workers, and financial counselors.

When selecting a transplant center, the pa-
tient should find out where the center is ac-
credited. Some examples of accrediting organi-
zations include The Foundation for the Accredi-
tation of Cellular Therapy, the American Associ-
ation of Blood Banking, the National Marrow
Donor Program, and other state-level accredi-
tation organizations.

Choosing a transplant center with experi-
ence is important. Here are some questions to
consider when choosing a transplant center:

e How many bone marrow transplants are per-
formed annually and what are the out-
comes/survival rates of those transplants?

* Does the transplant center perform trans-
plants for the patient’s type of disease? How
many has it performed to date?

* Does the transplant center have experience
treating patients the same age as the patient
considering transplant?

e What is the required patient and unrelated
donor HLA matching level at this center?

e How much does a typical bone marrow
transplant cost at this facility?

e Is financial help available?

e If the transplant center is far from the patient’s
home, will accommodations be provided for
caregivers?

The advantages of PBSC transplants when com-
pared to bone marrow transplants are: in allogeneic
transplantation, haematopoietic and immune recovery
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are faster with PBSCs. In autologous transplantation, the
use of PBSCs can result in faster blood count recovery.
Also, some medical conditions exist in which the recipi-
ent cannot accept bone marrow transplants, but can ac-
cept PBSC transplants. Some possible disadvantages to
PBSC transplant versus bone marrow transplantation
are: so much more fluid volume is necessary to collect
enough PBSCs that, at the time that the new stem cells
are infused into the recipient, the fluid can collect in the
lungs. Also, the time commitment for the donor for a
PBSC transplant is considerable. When the PBSCs are
being collected, several outpatient sessions are needed
and each session lasts approximately two to four hours.

UMBILICAL CORD BLOOD TRANSPLANT. Umbilical
cord blood transplant is a relatively new procedure in
which umbilical cord blood from a newborn is used as
the donor source. Umbilical cord blood is rich in stem
cells, the cells that are needed for transplantation, and
these cells are theoretically “immunologically naive,” re-
ducing chances of rejection and making it a good source
for donation. The matching criteria is the same as for
bone marrow. Most programs to date use this procedure
for a sibling or store cord blood for anonymous dona-
tion. Umbilical cord blood can be an excellent source for
children. One potential problem with umbilical cord
blood transplantation is the low volume of stem cells
contained in the umbilical cord. In many instances, there
is inadequate volume to safely use for a transplant in an
adult recipient.

The transplant procedure

HLA MATCHING. There are only five major HLA
classes or types—designated HLA-A, -B, -C, -D, and
class III—but much variation within the groupings. For
example, HLA-A from one individual may be similar to,
but not the same as, HLA-A in another individual; such a
situation can render a transplant from one to the other
impossible.

HLA matching is more likely if the donor and recip-
ient are related, particularly if they are siblings; however,
an unrelated donor may be a potential match. Only in
rare cases is matching HLA types between two people
not an issue: if the recipient has an identical twin. Identi-
cal twins carry the same genes; therefore, the same anti-
gens. A bone marrow transplant between identical twins
is called a syngeneic transplant.

BONE MARROW TRANSPLANTATION. The bone mar-
row extraction, or harvest, is the same for autologous and
allogeneic transplants. Harvesting is done under general
anesthesia (i.e., the donor sleeps through the procedure),
and discomfort is usually minimal afterwards. Bone mar-
row is drawn from the iliac crest (the part of the hip bone
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QUESTIONS TO ASK THE DOCTOR

¢ What type of transplant is recommended for my
condition?

* What are the potential benefits of bone marrow
transplantation?

* Where does transplanted bone marrow come
from?

* What types of tests are required to screen me for
the bone marrow transplant?

* What is HLA/histocompatibility matching?

* What types of tests are used to screen potential
bone marrow or peripheral stem donors?

* Are bone marrow or peripheral stem cell donors
compensated?

 After my bone marrow transplant, can | contact
an unrelated donor? How can | do this?

e Will my insurance provider cover the expenses
of my bone marrow transplant?

* What types of questions should | ask my insur-
ance provider to determine if the medical ex-
penses of my bone marrow transplant will be
covered?

* Whose insurance covers the medical expenses of
the donor?

* How long does the insurance clearance process
take?

¢ After bone marrow transplantation is approved
as a treatment option for me, how long will |
have to wait before | can receive the bone mar-
row transplant?

* What type of preparative regimen will | have be-
fore the bone marrow transplant?

e What are the side effects of the preparative regi-
men?

to either side of the lower back) with a special needle and
a syringe. Several punctures are usually necessary to col-
lect the needed amount of bone marrow, approximately
1-2 quarts. (This amount is only a small percentage of
the total bone marrow and is typically replaced within
four weeks.) The donor remains at the hospital for 2448
hours and can resume normal activities within a few days.

If the bone marrow is meant for an autologous trans-
plant, it is stored at -112— -320°F (-80— -196°C) until it
is needed. If a patient’s own bone marrow can be used
for transplantation or if a donor is not found, peripheral
stem cells may be harvested from the patient’s circulat-
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* What types of precautions must | follow before
and after my bone marrow transplant?

e Will I have to have blood transfusions during the
transplantation process?

* What are the risks and potential complications of
bone marrow transplantation?

* What is Graft-versus-Host disease (GVHD) and
can it be prevented?

* What are the signs of GVHD, rejection, and in-
fection?

How and when will | know if the bone marrow
transplant was successful?

* How long will I have to stay in the hospital?

¢ What types of resources are available to me dur-
ing my hospital stay and during my recovery at
home?

* WHat types of medications will | have to take
after my bone marrow transplant? How long will
| have to take them?

e After | go home, how long will it take me to re-
cover?

* When can | resume my normal activities?

* What type of follow-up care is recommended?
How often will | need to go to follow-up ap-
pointments?

* Can | receive follow-up care from my primary
physician, or do | need to go back to the center
where | had my bone marrow transplant?

If I live far away from my transplant center, do |
have to stay near the transplant center during my
recovery after I’'m discharged? If yes, for how
long? Will | receive help in making accommoda-
tions?

ing blood. Bone marrow for an allogeneic transplant is
sometimes treated to remove the donor’s T cells (a type
of white blood cell) or to remove ABO (blood type) anti-
gens; otherwise, it is transplanted without modification.

The bone marrow or peripheral stem cells are ad-
ministered to the recipient via a catheter (a narrow, flexi-
ble tube) inserted into a large vein in the chest. The
donor cells look like a bag of blood and are infused for
about 20-30 minutes. During the infusion, the patient’s
blood pressure, pulse, and breathing are monitored.
From the bloodstream, it migrates to the cavities within
the bones where bone marrow is normally stored. If the
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Bone marrow transplantation

KEY TERMS

ABO antigen—Protein molecules located on the
surfaces of red blood cells that determine a per-
son’s blood type: A, B, or O.

AML—Acute myelogenous leukemia, also called
acute myelocytic leukemia. Malignant disorder
where myeloid blast cells accumulate in the mar-
row and bloodstream.

Allogeneic—Referring to bone marrow transplants
between two different, genetically dissimilar peo-

ple.

Anemia—Decreased red cell production which re-
sults in deficiency in oxygen-carrying capacity of
the blood.

Antigen—A molecule that is capable of provoking
an immune response.

Aplastic anemia—A disorder in which the body
produces inadequate amounts of red blood cells
and hemoglobin due to underdeveloped or miss-
ing bone marrow.

Autologous—Referring to bone marrow transplants
in which recipients serve as their own donors.

Blank—If an individual has inherited the same
HLA antigen from both parents, the HLA typing is
designated by the shared HLA antigen followed by
a “blank”(-).

Blast cells—Blood cells in early stage of cellular

transplant is successful, the bone marrow begins to pro-
duce normal blood cells once it is in place, or engrafted.

PERIPHERAL BLOOD STEM CELL TRANSPLANTA-
TION. Before collection for a PBSC transplant, donors
receive four injections daily of the drug G-CSF, or fil-
grastim. (Patients can give it to themselves at home if
necessary.) These pretreatments stimulate the body to
release stem cells into the blood. After these pretreat-
ments, the donors’ experience is similar to that of a
whole blood donor’s experience—PBSC donors’ blood
is collected at a clinic or hospital as an outpatient pro-
cedure. The differences are that several sessions will
be needed over days or weeks and the blood is collect-
ed in a process called apheresis. The blood travels
from one arm into a blood cell separator that removes
only the stem cells, and the rest of the blood is re-
turned back to the donor, in the other arm. The cells
are then frozen for later use.

The PBSCs are administered to the recipient using
the same methods as those used in bone marrow trans-
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development.

Blast crisis—Stage of chronic myelogenous
leukemia where large quantities of immature cells
are produced by the marrow and is not responsive
to treatment.

Bone marrow—A spongy tissue located within flat
bones, including the hip and breast bones and the
skull. This tissue contains stem cells, the precursors
of platelets, red blood cells, and white blood cells.

Bone marrow biopsy—A test involving the inser-
tion of a thin needle into the breastbone or more
commonly, the hip, in order to aspirate (remove) a
sample of the marrow. A small piece of cortical
bone may also be obtained for biopsy.

Bone marrow transplant—Healthy marrow is in-
fused into people who have had high-dose
chemotherapy for one of the many forms of
leukemias, immunodeficiencies, lymphomas, ane-
mias, metabolic disorders, and sometimes solid tu-
mors.

Chemotherapy—Medical treatment of a disease,
particularly cancer, with drugs or other chemicals.

Chest x ray—A diagnostic procedure in which a
very small amount of radiation is used to produce
an image of the structures of the chest (heart,
lungs, and bones) on film.

plantation. As stated, the amount of fluid with PBSCs in-
fused into the recipient’s body can be an issue.

Costs

Bone marrow transplantation is an expensive proce-
dure. (Bone marrow donors are volunteers and do not pay
for any part of the procedure.) Insurance companies and
health maintenance organizations (HMOs) may not cover
the costs. Many insurance companies require pre-certifi-
cation letters of medical necessity. As soon as bone mar-
row transplantation is discussed as a treatment option, it
is important for the patient to contact his or her insurance
provider to determine what costs will be covered.

Diagnosis/Preparation

Several tests are performed before the bone marrow
transplant to identify any potential problems ahead of
time. Tests include:

» tissue typing and a variety of blood tests
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KEY TERMS (contd.)

Chronic myelogenous leukemia (CML)—Also
called chronic myelocytic leukemia, a malignant
disorder that involves abnormal accumulation of
white cells in the marrow and bloodstream.

Cytomegalovirus (CMV)—Virus that can cause
pneumonia in post bone marrow transplant patients.

Computed tomography scan (CT or CAT scan)—
Computed axial tomography, commonly known as
a CAT scan, uses x rays and computers to produce
an image of a cross-section of the body.

Conditioning—Process of preparing a patient to re-
ceive marrow donation, often through the use of
chemotherapy and radiation therapy.

Confirmatory typing—Repeat tissue typing to con-
firm the compatibility of the donor and patient be-
fore transplant.

Donor—A healthy person who contributes bone
marrow for transplantation.

Echocardiogram—An imaging procedure used to
create a picture of the heart’s movement, valves
and chambers. The test uses high-frequency sound
waves that come from a hand wand placed on
your chest. Echocardiogram may be used in com-
bination with Doppler ultrasound to evaluate the
blood flow across the heart’s valves. Also see
Transesophageal echocardiogram.

* chest x ray
* pulmonary function tests
» computed tomography scan (CT or CAT scan)

« heart function tests including an electrocardiogram and
echocardiogram

* bone marrow biopsy
« skeletal survey

In addition, a complete dental exam is needed be-
fore the bone marrow transplant to reduce the risk of in-
fection. Other precautions will be taken before the trans-
plant to reduce the patient’s risk of infection.

A triple lumen, central venous catheter (a slender,
hollow flexible tube) is surgically inserted into a large
vein in the chest during a simple outpatient procedure.
The catheter is used to draw blood and infuse chemother-
apy and other medications as well as donor cells, blood
product, fluids, and sometimes nutritional solutions. The
central venous catheter usually stays in place for about
six months after the bone marrow transplant.
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Electrocardiogram (ECG, EKG)—A test that records
the electrical activity of the heart using small elec-
trode patches attached to the skin on the chest.

Graft versus host disease—A life-threatening com-
plication of bone marrow transplants in which the
donated marrow causes an immune reaction
against the recipient’s body.

Histocompatibility—The major histocompatibility
determinants are the human leukocyte antigens
(HLA) and characterize how well the patient and
donor are matched.

HLA (human leukocyte antigen)—A group of pro-
tein molecules located on bone marrow cells that
can provoke an immune response. A donor’s and a
recipient’s HLA types should match as closely as
possible to prevent the recipient’s immune system
from attacking the donor’s marrow as a foreign ma-
terial that does not belong in the body.

Hodgkin’s disease—A type of cancer involving the
lymph nodes and potentially affecting nonlym-
phatic organs in the later stage.

Immunodeficiency—A disorder in which the im-
mune system is ineffective or disabled either due
to acquired or inherited disease.

Hormone-like medications called colony stimulating
factors may be given before the transplant to stimulate the
patient’s white blood cells. These medications stimulate the
white blood cells to multiply, mature, and function. These
medications also help the patient’s white blood cells recover
from chemotherapy and reduce the risk of infection.

A bone marrow transplant recipient can expect to
spend three to four weeks in the hospital, depending on
the rate of recovery. In preparation for receiving the
transplant, the recipient undergoes “conditioning”—a
preparative regimen (also called marrow ablation) in
which the bone marrow and abnormal cells are de-
stroyed. Conditioning rids the body of diseased cells and
makes room for the marrow or peripheral stem cells to
be transplanted. It typically involves chemotherapy
and/or radiation treatment, depending on the disease
being treated. Unfortunately, this treatment also destroys
healthy cells and has many side effects such as extreme
weakness, nausea, vomiting, and diarrhea. These side ef-
fects may continue for several weeks.
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Bone marrow transplantation

KEY TERMS (contd.)

Leukemia—A type of cancer that affects leuko-
cytes, a particular type of white blood cell. A char-
acteristic symptom is excessive production of im-
mature or otherwise abnormal leukocytes.

Lymphoma—A type of cancer that affects lymph
cells and tissues, including certain white blood
cells (T cells and B cells), lymph nodes, bone mar-
row, and the spleen. Abnormal cells (lymphocyte/
leukocyte) multiply uncontrollably.

Match—How similar the HLA typing, out of a pos-
sible six antigens, is between the donor and the re-
cipient.

Mixed lymphocyte culture (MLC)—Test that mea-
sures level of reactivity between donor and recipi-
ent lymphocytes.

Myelodysplasia—Also called myelodysplastic syn-
drome. A condition in which the bone marrow
does not function normally and can affect the vari-
ous types of blood cells produced in the bone mar-
row. Often referred to as a preleukemia and may
progress and become acute leukemia.

Myelofibrosis—An anemic condition in which
bone marrow cells are abnormal or defective and
become fibrotic.

Neuroblastoma—Solid tumor in children, may be
treated by BMT.

Non-myeloblative allogeneic bone marrow trans-
plant—Also called “mini” bone marrow trans-
plants. This type of bone marrow transplant in-

Aftercare

A two- to four-week waiting period follows the mar-
row transplant before its success can begin to be judged.
The marrow recipient is kept in isolation during this time to
minimize potential infections. The recipient also receives
intravenous antibiotic, antiviral, and antifungal medications,
as well as blood and platelet transfusions to help fight off
infection and prevent excessive bleeding. Blood tests are
performed daily to monitor the patient’s kidney and liver
function, as well as nutritional status. Other tests are per-
formed as necessary. Further side effects, such as nausea
and vomiting, can be treated with other medications. Once
blood counts are normal and the side effects of the trans-
plant abate, the recipient is taken off antibiotics and usually
no longer needs blood and platelet transfusions.

Following discharge from the hospital, the recipi-
ent is monitored through home visits by nurses or out-
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volves receiving low-doses of chemotherapy and
radiation therapy, followed by the infusion of a
donor’s bone marrow or peripheral stem cells. The
goal is to suppress the patient’s own bone marrow
with low-dose chemotherapy and radiation therapy
to allow the donor’s cells to engraft. If there are
cancer cells remaining in the patient’s body, the
donated cells are able to identify the cancer cells
as foreign and trigger an immune response, killing
the cancer cells. This is called the graft-versus-
tumor effect. Mini transplants are still under inves-
tigation but are promising for the future.

Peripheral stem cells—Stem cells that are taken di-
rectly from the circulating blood and used for
transplantation. Stem cells are more concentrated
in the bone marrow but they can also be extracted
from the blood stream.

Peripheral stem cell transplant—The process of
transplanting peripheral stem cells instead of using
bone marrow. The stem cells in the circulating blood
that are similar to those in the bone marrow are given
to the patient after treatment to help the bone mar-
row recover and continue producing healthy blood
cells. A peripheral stem cell transplant may also be
used to supplement a bone marrow transplant.

Platelets—Fragments of a large precursor cell, a
megakaryocyte found in the bone marrow. These
fragments adhere to areas of blood vessel damage
and release chemical signals that direct the forma-
tion of a blood clot.

patient visits for up to a year. For the first several months
out of the hospital, the recipient needs to be careful in
avoiding potential infections. For example, contact with
other people who may be ill should be avoided or kept to
a minimum. Further blood transfusions and medications
may be necessary, but barring complications, the recipi-
ent can return to normal activities about six to eight
months after the transplant.

Risks

The procedure has a lower success rate the greater
the recipient’s age. Complications are exacerbated for
people whose health is already seriously impaired, as in
late-stage cancers.

Bone marrow transplants are accompanied by seri-
ous and life-threatening risks. Furthermore, they are not
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KEY TERMS (contd.)

Pulmonary function test—A test that measures the
capacity and function of your lungs, as well as your
blood’s ability to carry oxygen. During the test, the
patient breathes into a device called a spirometer.

Radiation therapy—The use of high-energy radia-
tion from x rays, cobalt, radium, and other sources
to kill cancer cells and shrink tumors. Radiation
may come from a machine outside the body (exter-
nal beam radiation therapy) or from materials
called radioisotopes. Radioisotopes produce radia-
tion and are placed in or near the tumor or in the
area near the cancer cells. This type of radiation
treatment is called internal radiation therapy, im-
plant radiation, interstitial radiation, or brachyther-
apy. Systemic radiation therapy uses a radioactive
substance, such as a radio labeled monoclonal an-
tibody, that circulates throughout the body.

Recipient—The person who receives the donated
blood marrow.

Red blood cells—Cells that carry hemoglobin (the
molecule that transports oxygen) and help remove
wastes from tissues throughout the body.

Remission—Disappearance of the signs and symp-
toms of cancer. When this happens, the disease is
said to be “in remission.” A remission can be tem-
porary or permanent.

Sickle cell disease—An inherited disorder character-
ized by a genetic flaw in hemoglobin production.
(Hemoglobin is the substance within red blood cells

always an absolute assurance of a cure for the underlying
ailment; a disease may recur in the future.

Even in the absence of complications, the transplant
and associated treatments are hard on the recipient. Bone
marrow transplants are debilitating. A person’s ability to
withstand the rigors of the transplant is a key considera-
tion in deciding to use this treatment.

In the short term, there is the danger of pneumonia
or other infectious disease, excessive bleeding, or liver
disorder caused by blocked blood vessels. The transplant
may be rejected by the recipient’s immune system, or the
donor bone marrow may launch an immune-mediated at-
tack against the recipient’s tissues. This complication is
called acute graft-versus-host disease, and it can be a
life-threatening condition. Characteristic signs of the dis-
ease include fever, rash, diarrhea, liver problems, and a
compromised immune system.

GALE ENCYCLOPEDIA OF SURGERY

that enables them to transport oxygen.) The hemo-
globin that is produced has a kink in its structure that
forces the red blood cells to take on a sickle shape,
inhibiting their circulation and causing pain. This
disorder primarily affects people of African descent.

Stem cells—Unspecialized cells, or “immature”
blood cells, that serve as the precursors of white
blood cells, red blood cells, and platelets.

Syngeneic—Referring to a bone marrow transplant
from one identical twin to the other.

Thalassemia—A group of inherited disorders that
affects hemoglobin production. (Hemoglobin is the
substance within red blood cells that enables them
to transport oxygen.) Because hemoglobin produc-
tion is impaired, a person with this disorder may
suffer mild to severe anemia. Certain types of tha-
lassemia can be fatal.

Umbilical cord blood transplant—A procedure in
which the blood from a newborn’s umbilical cord,
which is rich in stem cells, is used as the donor
source for bone marrow transplants. Currently, um-
bilical cord blood transplants are mainly used for
sibling bone marrow transplants or to store blood
for an anonymous donation. In most cases, umbili-
cal cord blood does not contain enough stem cells
to safely use for adult bone marrow transplants.

White blood cells—A group of several cell types
that occur in the bloodstream and are essential for
a properly functioning immune system.

Approximately 25-50% of bone marrow transplant re-
cipients develop long-term complications. Chronic graft-
versus-host disease symptoms include skin changes such
as dryness, altered pigmentation, and thickening; abnormal
liver function tests; dry mouth and eyes; infections; and
weight loss. Other long-term complications include
cataracts (due to radiation treatment), abnormal lung func-
tion, hormonal abnormalities resulting in reduced growth
or hypothyroidism, secondary cancers, and infertility.

Normal results

In a successful bone marrow transplant, the donor’s
marrow migrates to the cavities in the recipient’s bones
and produces normal numbers of healthy blood cells.
Bone marrow transplants can extend a person’s life, im-
prove quality of life, and may aid in curing the underly-
ing ailment.
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Bone marrow transplantation

Morbidity and mortality rates

Approximately 30% of people receiving allogeneic
transplants do not survive. Autologous transplants have a
much better survival rate—nearly 90%—but are not ap-
propriate for all types of ailments requiring a bone mar-
row transplant. Furthermore, autologous transplants have
a higher failure rate with certain diseases, specifically
leukemia. At two years, the survival rate for patients with
chronic myelogenous leukemia is 52% if they received a
transplant in a chronic phase of their disease, 30% for
patients in an accelerated phase and 15% for patients in
the blast phase.

Alternatives

Complementary therapies are used along with stan-
dard cancer treatments. These treatments are aimed at
bringing about some overall improvement in general
health and well being. Complementary therapies can be
helpful in managing symptoms and improving quality of
life. They can be used to help alleviate pain; reduce nau-
sea; strengthen muscles; and to decrease depression,
anxiety, and stress. It is important to distinguish between
alternative therapies (unproven methods promoted for
use instead of mainstream treatment) and complemen-
tary therapies, which are used with standard treatment.
Complementary therapies are noninvasive and soothing.
However, before trying them, patients should check with
their oncologist to make sure the complementary therapy
will not interfere with standard cancer therapy or cause
harm. Examples of complementary therapies are mas-
sage therapy, aromatherapy, meditation, yoga, biofeed-
back, music, art and dance therapies, group and individ-
ual therapy or counseling.

Hormone therapy is the treatment of cancer by re-
moving, blocking, or adding hormones. Hormones are
chemical substances produced by glands in the body that
enter the bloodstream and cause effects in other tissues.
Hormone therapies may be used to treat breast and
prostate cancers. Hormone therapy may also be used in
some situations for other cancers.

Immunotherapy, also called biological therapy, is a
type of treatment that uses the body’s immune system to
fight cancer. The therapy mainly consists of stimulating
the immune system with highly purified proteins that
help it do its job more effectively.

Radiation therapy is the use of high-energy x rays,
electron beams, or radioactive isotopes to attack cancer.
Radiation therapy causes cancer cell death by ionization
or by damaging the chromosomes in the cancer cells so
they cannot multiply. Radiation therapy is a local treat-
ment aimed directly at the cancer. Even though the radia-
tion is aimed only at the cancer, it must often pass
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through skin and other organs to reach the tumor. Thus,
some healthy cells may become damaged, too. The body
however is able to repair the healthy cells that have been
damaged and restore them to their proper function. Aside
from its use as a single treatment, radiation therapy has
been shown to enhance the effects of chemotherapy. It
can be used in combination with chemotherapy to shrink
a tumor. Successful radiation therapy depends on deliv-
ering the proper amount of radiation to the cancer in the
best, and most effective way.
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work). 2900 Skokie Valley Road, Suite B, Highland Park,
IL 60035. (847) 433-3313, (888) 597-7674. help@bmtinfo
net.org. <http://www.bmtinfonet.org>.

Bone Marrow Transplant Branch, U.S. Department of Health
and Human Services. <http://www.hrsa.gov/osp/dot/bone.
htm>.

Bone Marrow Transplant Newsletter. 1985 Spruce Ave., High-
land Park, IL, 60035. (847) 831-1913. <http://www.
bmtnews.org>.

Cancercare. (800) 813-HOPE (4673). <http://www.cancercare.org>.

Health Resources and Services Administration. 5600 Fishers
Lane, Rm. 14-45, Rockville, MD 20857. (301) 443-3376.
comments@hrsa.gov. <http://www.hrsa.gov>.

International Bone Marrow Transplant Registry/Autologous
Blood and Marrow Transplant Registry N. America.
Health Policy Institute, Medical College of Wisconsin,
8701 Watertown Plank Road, P.O. Box 26509, Milwau-
kee, WI 53226. (414) 456-8325. ibmtr@mcw.edu.

Leukemia & Lymphoma Society, Inc. 1311 Mamaroneck Av-
enue White Plains, NY 10605. (914) 949-5213. <http://
www.leukemia-lymphoma.org>.

Lymphoma Research Foundation of America. 8800 Venice
Boulevard, Suite 207, Los Angeles, CA 90034. (800) 500-
9976. (310) 204-7040. helpline@lymphoma.org. <http://
www.lymphoma.org>.

National Bone Marrow Transplant Link. 20411 W. 12 Mile Road,
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546-5268). <http://comnet.org/nbmtlink/home2.html>.
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organdonor.gov>.
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Bone repair see Orthopedic surgery

Bone x rays
Definition

Bone x rays are a diagnostic imaging test in which
ionizing radiation passing through the bones enables an
image to be produced on film.

Purpose

Bone x rays are ordered to detect bone disease or in-
jury, such as in the case of broken bones, tumors, and
other problems. They can determine bone density, tex-
ture, erosion, and changes in bone relationships. Bone x
rays also evaluate the joints for such diseases as arthritis.

Description

X rays are a common diagnostic test in which a
form of energy called x-ray radiation penetrates the pa-
tient’s body. In bone x rays, electrical current passes
through an x-ray tube and produces a beam of ionizing
radiation that passes through the bone(s) being exam-
ined. This produces a picture of the inside of the body on
film. The doctor reads the developed x ray on a wall-
mounted light box or on a computer monitor.

Digital x rays are a new type of exam in which con-
ventional equipment is used to take the x-ray picture,
but the image is produced via computer. In a digital x
ray, the image is created on a reusable plate. After being
read by a laser reader, the information is sent in digital
form to a storage unit that is connected to a computer
network. The radiologist reads the x ray from there. An
electronic report can then be sent to the patient’s doctor.
Electronic reports can also be generated with non-digi-
tal x-ray exams.
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X rays can detect problems with bones that result
from injury or disease caused by malfunction in the pa-
tient’s bone chemistry. Bone injuries, especially broken
bones (fractures), are common and can be accurately di-
agnosed by evaluation of bone x rays. X rays are espe-
cially helpful in diagnosing simple and incomplete frac-
tures, which cannot be detected during a physical exam-
ination. X rays can also be used to check for bone posi-
tion and alignment in a fracture. Some bone diseases can
be definitively diagnosed with bone x rays, while others
require additional, more sophisticated imaging tests.

Osteoporosis, a common bone disease, can be de-
tected in bone x rays, but other tests, such as bone den-
sitometry, may need to be ordered to determine the ex-
tent of the disease. In some cases, a bone biopsy (micro-
scopic analysis of a small amount of tissue) is also done.
For arthritis, a common ailment, x rays of the bone are
occasionally used in conjunction with blood tests. In
bone tumors, bone x rays can be helpful, but they may
not be definitive when used alone.

Bone x rays are taken by a technologist or radiolo-
gist and interpreted by a radiologist. They are taken in a
doctor’s office, in a hospital, or in an outpatient clinic.
Bone x rays generally take less than 10 minutes to com-
plete. There is no pain or discomfort associated with the
test, but some people find it difficult to remain still
throughout the procedure.

During the test, the patient lies on a table. The tech-
nician taking the x ray checks the patient’s position and
places the x-ray machine over the part of the body being
scanned. After asking the patient to remain still, the tech-
nician steps out of the area and presses a button to take
the picture.

Preparation

The patient is asked to remove clothing, jewelry, and
any other metal objects from the part of the body being x
rayed. If appropriate, a lead shield is placed over another
part of the body to minimize exposure to the radiation
that is being used.

Aftercare

The patient can immediately resume normal activi-
ties once the technician has checked that the x-rays have
processed well and that none need to be repeated. This
takes just a few minutes.

Risks

The human body contains some natural radiation and
is also exposed to radiation in the environment. There is a
slight risk from exposure to radiation during bone x rays;

203

sAes x auog



Bowel resection

KEY TERMS

Arthritis—A disease of the joints that arises from
wear and tear, age, and less often—from inflam-
mation.

Bone densitometry—A test to measure bone den-
sity.

lonizing radiation—Energy from radio, ultraviolet,
or x rays, that produces charged particles in the
recipient matter.

Osteoporosis—A disease which occurs primarily
in postmenopausal women in which the amount
of bone is reduced or skeletal tissue wastes away.

however, the amount of radiation is small and the risk of
harm is very low. If reproductive organs are to be exposed
to large amounts of radiation, genetic alterations could
occur in the developing fetus. Excessive or repeated doses
of radiation can cause changes in other types of body tis-
sue. No radiation remains in the body after the x ray.

Normal results

Normal bones show no fractures, dislocations, or
other abnormalities.

Results that indicate the presence of bone injury or
disease differ in appearance, according to the nature of
the injury or disease. For example, fractures show up as
clear breaks in the bones, while osteoporotic bone has the
same shape as normal bone on an x ray, but is less dense.

Resources

BOOKS

A Manual of Laboratory and Diagnostic Tests. 5th ed. Ed.
Francis Fishback. Philadelphia: Lippincott, 1996.

“Tumors and Tumor-Like Lesions of the Bone.” In Current Med-
ical Diagnosis and Treatment, 1996. 35th ed. Ed. Stephen
McPhee, et al. Stamford: Appleton & Lange, 1995.

Lori De Milto
Lee A. Shratter, MD

Bowel resection
Definition

Bowel resection is a surgical procedure in which a
diseased part of the large intestine is removed. The pro-
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cedure is also known as colectomy, colon removal, colon
resection, or resection of part of the large intestine.

Purpose

The large bowel, also called the large intestine, is a
part of the digestive system. It runs from the small bowel
(small intestine) to the rectum, which receives waste ma-
terial from the small bowel. Its major function is to store
waste and to absorb water from waste material. It con-
sists of the following sections, any of which may become
diseased:

* Colon. The colon averages some 60 in (150 cm) in
length. It is divided into four segments: the ascending
colon, transverse colon, descending colon, and sigmoid
colon. There are two bends (flexures) in the colon. The
hepatic flexure is where the ascending colon joins the
transverse colon. The splenic flexure is where the trans-
verse colon merges into the descending colon.

e Cecum. This is the first portion of the large bowel that
is joined to the small bowel. The appendix lies at the
lowest portion of the cecum.

« Ascending colon. This segment is about 8§ in (20 cm) in
length, and it extends upwards from the cecum to the
hepatic flexure near the liver.

» Transverse colon. This segment is usually more than 18
in (46 cm) in length and extends across the upper ab-
domen to the splenic flexure.

* Descending colon. This segment is usually less than 12
in (30 cm) long and extends from the splenic flexure
downwards to the start of the pelvis.

» Sigmoid colon. An S-shaped segment that measures
about 18 in (46 cm); it extends from the descending
colon to the rectum.

The wall of the colon is composed of four layers:

» Mucosa. This single layer of cell lining is flat and re-
generates itself every three to eight days. Small glands
lie beneath the surface.

» Submucosa. The area between the mucosa and circular
muscle layer that is separated from the mucosa by a
thin layer of muscle, the muscularis mucosa.

» Muscularis propria. The inner circular and outer longi-
tudinal muscle layers.

« Serosa. The outer, single-cell, thick covering of the
bowel. It is similar to the peritoneum, the layer of cells
that lines the abdomen.

The large intestine is also responsible for bacterial
production and absorption of vitamins. Resection of a
portion of the large intestine (or of the entire organ) may
become necessary when it becomes diseased. The exact
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Bowel resection (Colectomy)

Peritoneum

Ascending colon

Clamp on ascending colon

Sutures

Transverse colon

Transverse colon

lleum

To remove a portion of the colon, or large intestine, and incision is made in the abdomen to expose the area (A). Tissues and
muscles connecting the colon to surrounding organs are severed (B). The area to be removed is clamped and severed (C).
The remaining portions of the bowel, the ileum (small intestine) and transverse colon, are connected with sutures (D). Mus-

cles and tissues are repaired (E). (/llustration by GGS Inc.)

reasons for large bowel resection in any given patient
may be complex and are always carefully evaluated by
the treating physician or team. The procedure is usually
performed to treat the following disorders or diseases of
the large intestine:

« Cancer. Colon cancer is the second most common type
of cancer diagnosed in the United States. Colon and
rectum cancers, which are usually referred to as col-
orectal cancer, grow on the lining of the large intestine.
Bowel resection may be indicated to remove the cancer.
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« Diverticulitis. This condition is characterized by the in-
flammation of a diverticulum, especially of diverticula
occurring in the colon, which may undergo perforation
with abscess formation. The condition may be relieved
by resecting the affected bowel section.

« Intestinal obstruction. This condition involves a partial
or complete blockage of the bowel that results in the
failure of the intestinal contents to pass through. It is
usually treated by decompressing the intestine with
suction, using a nasogastric tube inserted into the stom-
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Bowel resection

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Bowel resection surgery is performed by a col-
orectal surgeon, who is a medical doctor fully
trained in general surgery and certified by the
American Board of Surgery (ABS) as well as by
the American Society of Colon and Rectal Sur-
geons (ASCRS). The surgeon must pass the
American Board of Surgery Certifying Examina-
tion and complete an approved colorectal train-
ing program. The surgeon is then eligible to take
the qualifying examination in colorectal
surgery after completing training. There is also a
certifying examination that is taken after passing
the qualifying examination. The surgeon is re-
quired to re-certify in surgery in order to re-cer-
tify in colon and rectal surgery (every 10 years).

Bowel resection surgery is a major opera-
tion performed in a hospital setting. The cost of
the surgery varies significantly between sur-
geons, medical facilities, and regions of the
country. Patients who are sicker or need more
extensive surgery will require more intensive
and expensive treatment.

ach or intestine. In cases where decompression does
not relieve the symptoms, or if tissue death is suspect-
ed, bowel resection may be considered.

* Ulcerative colitis. This condition is characterized by
chronic inflammation of the large intestine and rectum
resulting in bloody diarrhea. Surgery may be indicated
when medical therapy does not improve the condition.
Removal of the colon is curative and also removes the
risk of colon cancer. About 25-40% of ulcerative coli-
tis patients must eventually have their colons removed
because of massive bleeding, severe illness, rupture of
the colon, or risk of cancer.

* Traumatic injuries. Accidents may result in bowel in-
juries that require resection.

* Pre-cancerous polyps. A colorectal polyp is a growth
that projects from the lining of the colon. Polyps of the
colon are usually benign and produce no symptoms, but
they may cause rectal bleeding and develop into malig-
nancies over time. When polyps have a high chance of
becoming cancerous, bowel resection may be indicated.

» Familial adenomatous polyposis (FAP). This is a heredi-
tary condition caused by a faulty gene. Most people dis-
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cover that they have it at a young age. People with FAP
grow many polyps in the bowel. These are mostly be-
nign, but because there are so many, it is really only a
question of time before one becomes cancerous. Since
people with FAP have a very hi