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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

GALE ENCYCLOPEDIA OF SURGERY

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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Pacemaker implantation see Pacemakers

Pacemakers
Definition

A pacemaker is a surgically implanted electronic de-
vice that regulates a cardiac arrhythmia.

Pacemakers are most frequently prescribed when
the heartbeat decreases under 60 beats per minute at rest
(severe symptomatic bradycardia). They are also used in
some cases to slow a fast heart rate over 120 beats per
minute at rest (tachycardia).

Demographics

The population for pacemaker implant is not limited
by age, sex, or race. Over 100,000 pacemakers are im-
planted per year in the United States. The occurrence is
more frequent in the elderly with over 85% of implants re-
ceived by those over age 65. A history of myocardial in-
farction (heart attack), congenital defect, or cardiac trans-
plant also increases the likelihood of pacemaker implant.

Description

Approximately 500,000 Americans have an im-
plantable permanent pacemaker device. A pacemaker im-
plantation is performed under local anesthesia in a hospi-
tal by a surgeon assisted by a cardiologist. An insulated
wire called a lead is inserted into an incision above the
collarbone and guided through a large vein into the cham-
bers of the heart. Depending on the configuration of the
pacemaker and the clinical needs of the patient, as many
as three leads may be used in a pacing system. Current
pacemakers have a double, or bipolar, electrode attached
to the end of each lead. The electrodes deliver an electri-
cal charge to the heart to regulate heartbeat. They are po-
sitioned on the areas of the heart that require stimulation.
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WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Pacemaker implants are performed by a cardi-
ologist who has completed medical school and
an additional internship and residency pro-
gram. Additional training as an electrophysiolo-
gist may be acquired by the physician during
the residency program. Specific training by the
pacemaker manufacturer may also be ac-
quired. Hospitals performing these procedures
have access to cardiac catheterization facilities
or operating rooms equipped with portable flu-
oroscopy units.

The leads are then attached to the pacemaker device,
which is implanted under the skin of the patient’s chest.

Patients undergoing surgical pacemaker implanta-
tion usually stay in the hospital overnight. Once the pro-
cedure is complete, the patient’s vital signs are moni-
tored and a chest x ray is taken to ensure that the pace-
maker and leads are properly positioned.

Modern pacemakers have sophisticated program-
ming capabilities and are extremely compact. The small-
est weigh less than 13 grams (under half an ounce) and
are the size of two stacked silver dollars. The actual pac-
ing device contains a pulse generator, circuitry pro-
grammed to monitor heart rate and deliver stimulation,
and a lithium iodide battery. Battery life typically ranges
from seven to 15 years, depending on the number of leads
the pacemaker is configured with and how much energy
the pacemaker uses. When a new battery is required, the
unit can be exchanged in a simple outpatient procedure.

A temporary pacing system is sometimes recom-
mended for patients who are experiencing irregular
heartbeats as a result of a recent heart attack or other
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Pacemakers

Pacemaker

Connector Pin

Lead Body

Electrode

/

Fixation
Mechanism

C. Electrode

Lead wire
in cephalic vein

Pacemaker

To place a pacemaker, a lead wire is inserted into the cephalic vein of the shoulder and fed into the heart chambers (B). An
electrode is implanted in the heart muscle of the lower chamber, and the device is attached (C). (/llustration by Argosy.)

acute medical condition. The implantation procedure for
the pacemaker leads is similar to that for a permanent
pacing system, but the actual pacemaker unit housing the
pulse generator remains outside the patient’s body. Tem-
porary pacing systems may be replaced with a perma-
nent device at a later date.

Diagnosis/Preparation

Patients being considered for pacemaker implantation
will undergo a full battery of cardiac tests, including an

1080

electrocardiogram (ECG) or an electrophysiological study
or both, to fully evaluate the bradycardia or tachycardia.

The symptoms of fatigue and lightheadedness that
are characteristic of bradycardia can also be caused by a
number of other medical conditions, including anemia.
Certain prescription medications can also slow the heart
rate. A doctor should take a complete medical history
and perform a full physical work-up to rule out all non-
cardiac causes of bradycardia.

GALE ENCYCLOPEDIA OF SURGERY



Patients are advised to abstain from eating six to
eight hours before the surgical procedure. The patient is
usually given a sedative to help him or her relax for the
procedure. An intravenous (IV) line will also be inserted
into a vein in the patient’s arm before the procedure be-
gins in case medication or blood products are required
during the insertion.

Aftercare

After an implant without complications the patient
can expect a hospital stay of one to five post-procedure
days. Pacemaker patients should schedule a follow-up
visit with their cardiologist approximately six weeks after
the surgery. During this visit, the doctor will make any
necessary adjustments to the settings of the pacemaker.
Pacemakers are programmed externally with a handheld
electromagnetic device. Pacemaker batteries must be
checked regularly. Some pacing systems allow patients to
monitor battery life through a special telephone monitor-
ing service that can read pacemaker signals.

Patients with cardiac pacemakers should not under-
go a magnetic resonance imaging (MRI) procedure.
Devices that emit electromagnetic waves (including
magnets) may alter pacemaker programming or func-
tioning. A 1997 study found that cellular phones often
interfere with pacemaker programming and cause irregu-
lar heart rhythm. However, advances in pacemaker de-
sign and materials have greatly reduced the risk of pace-
maker interference from electromagnetic fields.

Risks

Because pacemaker implantation is an invasive sur-
gical procedure, internal bleeding, infection, hemor-
rhage, and embolism are all possible complications. In-
fection is more common in patients with temporary pac-
ing systems. Antibiotic therapy given as a precautionary
measure can reduce the risk of pacemaker infection. If
infection does occur, the entire pacing system may have
to be removed.

The placing of the leads and electrodes during the
implantation procedure also presents certain risks for the
patient. The lead or electrode could perforate the heart or
cause scarring or other damage. The electrodes can also
cause involuntary stimulation of nearby skeletal muscles.

A complication known as pacemaker syndrome de-
velops in approximately 7% of pacemaker patients with
single-chamber pacing systems. The syndrome is charac-
terized by the low blood pressure and dizziness that are
symptomatic of bradycardia. It can usually be corrected
by the implantation of a dual-chamber pacing system.
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QUESTIONS
TO ASK THE DOCTOR

e How many pacemaker implants has the
physician performed?

e What type of pacemaker will be implanted,
univentricular or biventricular, and how
many of the specific procedure has the physi-
cian performed?

* How long will the expected hospital stay be?

e What precautions should be taken in the
weeks following discharge from the hospital?

e What precautions will need to taken in day
to day activities following pacemaker im-
plant?

e When can normal daily, such as driving, ex-
ercise and work, activities be initiated?

e What will indicate that the pacemaker is fail-
ing and when should emergency care be
sought?

e How long will the battery function and when
should treatment to replace the device be
sought?

e Is there special documentation | will need for
air travel during security screenings?

o Will there be notification of manufacturer re-
calls?

Normal results

Pacemakers that are properly implanted and pro-
grammed can correct a patient’s arrhythmia and resolve
related symptoms.

Morbidity and mortality rates

In the United States, patients experience complica-
tions in 3.3% and 3.8% of cases, with those over 65
years of age demonstrating a slightly higher complica-
tion rate of 6.1%. The most common complications in-
clude lead dislodgement, pneumothorax (collapsed
lung), and cardiac perforation. The risk of death is less
then 0.5% throughout the course of the hospital stay.

Resources

BOOKS

DeBakey, Michael E. and Antonio Gotto Jr. The New Living
Heart. Holbrook, MA: Adams Media Corporation, 1997.
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Pain mnagement

KEY TERMS

Electrocardiogram (ECG)—A recording of the
electrical activity of the heart. An ECG uses exter-
nally attached electrodes to detect the electrical
signals of the heart.

Electrophysiological study—A test that monitors the
electrical activity of the heart in order to diagnose
arrhythmia. An electrophysiological study measures
electrical signals through a cardiac catheter that is
inserted into an artery in the leg and guided up into
the atrium and ventricle of the heart.

Embolism—A blood clot, air bubble, or clot of
foreign material that blocks the flow of blood in
an artery. When an embolism blocks the blood
supply to a tissue or organ, the tissue the artery
feeds dies (infarction). Without immediate and ap-
propriate treatment, an embolism can be fatal.
Magnetic resonance imaging (MRI)—An imaging
technique that uses a large circular magnet and
radio waves to generate signals from atoms in the
body. These signals are used to construct images
of internal structures.

PERIODICALS

Gregoratas, Gabriel, et al. “ACC/AHA Guidelines for Implan-
tation of Pacemakers and Antiarrhythmia Devices.” Jour-
nal of the American College of Cardiology 31 (April
1998): 1175-209.

Link, Mark S, et al. “Complications of Dual Chamber Pace-
maker Implantation in the Elderly.” Journal of Interven-
tional Cardiac Electrophysiology 2 (1998): 175-179.

ORGANIZATIONS

American Heart Association. 7320 Greenville Ave. Dallas, TX
75231. (214) 373-6300. <http://www.americanheart.org>.

Paula Anne Ford-Martin
Allison J. Spiwak, MSBME

Packed cell volume see Hematocrit
Packed red blood cell volume see Hematocrit

Pain management
Definition

If pain can be defined as a highly unpleasant, indi-
vidualized experience of one of the body’s defense
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mechanisms indicating an injury or problem, pain man-
agement encompasses all interventions used to under-
stand and ease pain, and, if possible, to alleviate the
cause of the pain.

Purpose

Pain serves to alert a person to potential or actual
damage to the body. The definition for damage is quite
broad: pain can arise from injury as well as disease.
After the message is received and interpreted, further
pain can be counterproductive. Pain can have a negative
impact on a person’s quality of life and impede recovery
from illness or injury, thus contributing to escalating
health care costs. Unrelieved pain can become a syn-
drome in its own right and cause a downward spiral in a
person’s health and outlook. Managing pain properly fa-
cilitates recovery, prevents additional health complica-
tions, and improves an individual’s quality of life.

Yet, the experiencing of pain is a completely unique
occurrence for each person, a complex combination of sev-
eral factors other than the pain itself. It is influenced by:

« Ethnic and cultural values. In some cultures, tolerating
pain is related to showing strength and endurance. In
others, it is considered punishment for misdeeds.

 Age. This refers to the concept that grownups never cry.

* Anxiety and stress. This is related to being in a strange,
fearful place such as a hospital, and the fear of the un-
known consequences of the pain and the condition
causing it, which can all combined to make pain feel
more severe. For patients being treated for pain, know-
ing the duration of activity of an analgesic leads to anx-
iety about the return of pain when the drug wears off.
This anxiety can make the pain more severe.

» Fatigue and depression. It is known that pain in itself can
actually cause depression. Fatigue from lack of sleep or
the illness itself also contribute to depressed feelings.

Precautions

The perception of pain is an individual experience.
Health care providers play an important role in under-
standing their patients’ pain. All too often, both physi-
cians and nurses have been found to incorrectly assess
the severity of pain. A study reported in the Journal of
Advanced Nursing evaluated nurses’ perceptions of a se-
lect group of white American and Mexican-American
women patients’ pain following gallbladder surgery. Ob-
jective assessments of each patient’s pain showed little
difference between the perceived severities for each
group. Yet, the nurses involved in the study consistently
rated all patients’ pain as less than the patients reported,
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and with equal consistency, believed that better-educated
women born in the United States were suffering more
than less-educated Mexican-American women. Nurses
from a northern European background were more apt to
minimize the severity of pain than nurses from eastern
and southern Europe or Africa. The study indicated how
health care staff, and especially nursing staff, need to be
aware of how their own background and experience con-
tributes to how they perceive a person’s pain.

In a 1990 study reported in the journal Pain, nurses
were found to overestimate the severity of pain in patients
with severe burns. In most other studies, nurses and
physicians ascribe a lower pain severity than do patients.

Description

Before considering pain management, a review of
pain definitions and mechanisms may be useful. Pain is
the means by which the peripheral nervous system
(PNS) warns the central nervous system (CNS) of injury
or potential injury to the body. The CNS comprises the
brain and spinal cord, and the PNS is composed of the
nerves that stem from and lead into the CNS. PNS in-
cludes all nerves throughout the body, except the brain
and spinal cord. Pain is sometimes categorized by its site
of origin, either cutaneous (originating in the skin of
subcutaneous tissue, such as a shaving nick or paper
cut), deep somatic pain (arising from bone, ligaments
and tendons, nerves, or veins and arteries), or visceral
(appearing as a result of stimulation of pain receptor
nerves around organs such as the brain, lungs, or those in
the abdomen).

A pain message is transmitted to the CNS by special
PNS nerve cells called nociceptors, which are distributed
throughout the body and respond to different stimuli de-
pending on their location. For example, nociceptors that
extend from the skin are stimulated by sensations such as
pressure, temperature, and chemical changes.

When a nociceptor is stimulated, neurotransmitters
are released within the cell. Neurotransmitters are chem-
icals found within the nervous system that facilitate
nerve cell communication. The nociceptor transmits its
signal to nerve cells within the spinal cord, which con-
veys the pain message to the thalamus, a specific region
in the brain.

Once the brain has received and processed the pain
message and coordinated an appropriate response, pain
has served its purpose. The body uses natural painkillers,
called endorphins, to derail further pain messages from
the same source. However, these natural painkillers may
not adequately dampen a continuing pain message. Also,
depending on how the brain has processed the pain infor-
mation, certain hormones such as prostaglandins may be
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released. These hormones enhance the pain message and
play a role in immune system responses to injury, such
as inflammation. Certain neurotransmitters, especially
substance P and calcitonin gene-related peptide, actively
enhance the pain message at the injury site and within
the spinal cord.

Pain is generally divided into two additional cate-
gories: acute and chronic. Nociceptive pain, or the pain
that is transmitted by nociceptors, is typically called
acute pain. This kind of pain is associated with injury,
headaches, disease, and many other conditions. Re-
sponse to acute pain is made by the sympathetic nervous
system (the nerves responsible for the fight-or-flight re-
sponse of the body). It normally resolves once the condi-
tion that precipitated it is resolved.

Following some disorders, pain does not resolve.
Even after healing or a cure has been achieved, the brain
continues to perceive pain. In this situation, the pain may
be considered chronic. Chronic pain is within the
province of the parasympathetic nervous system, and the
changeover occurs as the body attempts to adapt to the
pain. The time limit used to define chronic pain typically
ranges from three to six months, although some health
care professionals prefer a more flexible definition, and
consider chronic pain as pain that endures beyond a nor-
mal healing time. The pain associated with cancer; per-
sistent and degenerative conditions; and neuropathy, or
nerve damage, is included in the chronic category. Also,
unremitting pain that lacks an identifiable physical cause
such as the majority of cases of low back pain may be
considered chronic. The underlying biochemistry of
chronic pain appears to be different from regular noci-
ceptive pain.

It has been hypothesized that uninterrupted and un-
relenting pain can induce changes in the spinal cord. In
the past, severing a nerve’s connection to the CNS has
treated intractable pain. However, the lack of any senso-
ry information being relayed by that nerve can cause
pain transmission in the spinal cord to go into overdrive,
as evidenced by the phantom limb pain experienced by
amputees. Evidence is accumulating that unrelenting
pain or the complete lack of nerve signals increases the
number of pain receptors in the spinal cord. Nerve cells
in the spinal cord may also begin secreting pain-amplify-
ing neurotransmitters independent of actual pain signals
from the body. Immune chemicals, primarily cytokines,
may play a prominent role in such changes.

Managing pain

Considering the different causes and types of pain,
as well as its nature and intensity, management can re-
quire an interdisciplinary approach. The elements of this
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Pain mnagement

approach include treating the underlying cause of pain,
pharmacological and non-pharmacological therapies,
and some invasive (surgical) procedures.

Treating the cause of pain underpins the idea of
managing it. Injuries are repaired, diseases are diag-
nosed, and certain encounters with pain can be anticipat-
ed and treated prophylactically (by prevention). Howev-
er, there are no guarantees of immediate relief from pain.
Recovery can be impeded by pain and quality of life can
be damaged. Therefore, pharmacological and other ther-
apies have developed over time to address these aspects
of disease and injury.

PHARMACOLOGICAL OPTIONS. General guidelines
developed by the World Health Organization (WHO) have
been developed for pain management. These guidelines
operate upon the following three-step ladder approach:

* Mild pain is alleviated with acetaminophen or a non-
steroidal anti-inflammatory drug (NSAID). NSAIDs and
acetaminophen are available as over-the-counter and pre-
scription medications, and are frequently the initial phar-
macological treatment for pain. These drugs can also be
used as adjuncts to the other drug therapies that might
require a doctor’s prescription. NSAIDs include aspirin,
ibuprofen (Motrin, Advil, Nuprin), naproxen sodium
(Aleve), and ketoprofen (Orudis KT). These drugs are
used to treat pain from inflammation and work by block-
ing production of pain-enhancing neurotransmitters. Ac-
etaminophen is also effective against pain, but its ability
to reduce inflammation is limited. NSAIDs and aceta-
minophen are effective for most forms of acute (sharp,
but of a short duration) pain.

Mild to moderate pain is eased with a milder opioid
medication, plus acetaminophen or NSAIDs. Opioids
are both actual opiate drugs such as morphine and
codeine, and synthetic drugs based on the structure of
opium. This drug class includes drugs such as oxy-
codon, methadone, and meperidine (Demerol). They
provide pain relief by binding to specific opioid recep-
tors in the brain and spinal cord.

Moderate to severe pain is treated with stronger opioid
drugs, plus acetaminophen or NSAIDs. Morphine is
sometimes referred to as the gold standard of palliative
care as it is not expensive, can be given by starting with
smaller doses and gradually increased, and is highly ef-
fective over a long period of time. It can also be given
by a number of different routes, including by mouth,
rectally, or by injection.

Although antidepressant drugs were developed to
treat depression, it has been discovered that they are also
effective in combating chronic headaches, cancer pain,
and pain associated with nerve damage. Antidepressants
that have been shown to have analgesic (pain-reducing)
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properties include amitriptyline (Elavil), trazodone
(Desyrel), and imipramine (Tofranil). Anticonvulsant
drugs share a similar background with antidepressants.
Developed to treat epilepsy, anticonvulsants were found
to relieve pain as well. Drugs such as phenytoin (Dilan-
tin) and carbamazepine (Tegretol) are prescribed to treat
the pain associated with nerve damage.

Close monitoring of the effects of pain medications is
required in order to assure that adequate amounts of med-
ication are given to produce the desired pain relief. When
a person is comfortable with a certain dosage of medica-
tion, oncologists typically convert to a long-acting version
of that medication. Transdermal fentanyl patches (Dura-
gesic) are a common example of a long-acting opioid drug
often used for cancer pain management. A patch contain-
ing the drug is applied to the skin and continues to deliver
the drug to the person for typically three days. Pumps are
also available that provide an opioid medication upon de-
mand when the person is experiencing pain. By pressing a
button, they can release a set dose of medication into an
intravenous solution or an implanted catheter. Another
mode of administration involves implanted catheters that
deliver pain medication directly to the spinal cord. Be-
cause these pumps offer the patient some degree of control
over the amount of analgesic administered, the system,
commonly called patient controlled analgesia (PCA), re-
duces the level of anxiety about availability of pain med-
ication. Delivering drugs in this way can reduce side ef-
fects and increase the effectiveness of the drug. Research
is underway to develop toxic substances that act selective-
ly on nerve cells that carry pain messages to the brain.
These substances would kill the selected cells and thus
stop transmission of the pain message.

NON-PHARMACOLOGICAL OPTIONS. Pain treat-
ment options that do not use drugs are often used as ad-
juncts to, rather than replacements for, drug therapy. One
of the benefits of non-drug therapies is that an individual
can take a more active stance against pain. Relaxation
techniques such as yoga and meditation are used to focus
the brain elsewhere than on the pain, decrease muscle
tension, and reduce stress. Tension and stress can also be
reduced through biofeedback, in which an individual
consciously attempts to modify skin temperature, muscle
tension, blood pressure, and heart rate.

Participating in normal activities and exercising can
also help control pain levels. Through physical therapy,
an individual learns beneficial exercises for reducing
stress, strengthening muscles, and staying fit. Regular
exercise has been linked to production of endorphins,
the body’s natural painkillers.

Acupuncture involves the insertion of small needles
into the skin at key points. Acupressure uses these same
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key points, but involves applying pressure rather than in-
serting needles. Both of these methods may work by
prompting the body to release endorphins. Applying heat
or being massaged are very relaxing and help reduce
stress. Transcutaneous electrical nerve stimulation
(TENS) applies a small electric current to certain parts of
nerves, potentially interrupting pain signals and inducing
release of endorphins. To be effective, use of TENS
should be medically supervised.

INVASIVE PROCEDURES. There are three types of in-
vasive procedures that may be used to manage or treat
pain: anatomic, augmentative, and ablative. These proce-
dures involve surgery, and certain guidelines should be
followed before carrying out a procedure with permanent
effects. First, the cause of the pain must be clearly identi-
fied. Next, surgery should be done only if noninvasive
procedures are ineffective. Third, any psychological is-
sues should be addressed. Finally, there should be a rea-
sonable expectation of success.

Anatomic procedures involve correcting the injury
or removing the cause of pain. Relatively common
anatomic procedures are decompression surgeries such
as repairing a herniated disk in the lower back or reliev-
ing the nerve compression related to carpal tunnel syn-
drome. Another anatomic procedure is neurolysis, also
called a nerve block, which involves destroying a portion
of a peripheral nerve.

Augmentative procedures include electrical stimula-
tion or direct application of drugs to the nerves that are
transmitting the pain signals. Electrical stimulation
works on the same principle as TENS. In this procedure,
instead of applying the current across the skin, elec-
trodes are implanted to stimulate peripheral nerves or
nerves in the spinal cord. Augmentative procedures also
include implanted drug-delivery systems. In these sys-
tems, catheters are implanted in the spine to allow direct
delivery of drugs to the CNS.

Ablative procedures are characterized by severing a
nerve and disconnecting it from the CNS. However, this
method may not address potential alterations within the
spinal cord. These changes perpetuate pain messages and
do not cease, even when the connection between the sen-
sory nerve and the CNS is severed. With growing under-
standing of neuropathic pain and development of less in-
vasive procedures, ablative procedures are used less fre-
quently. However, they do have applications in select
cases of peripheral neuropathy, cancer pain, and other
disorders.

Preparation

Prior to beginning management, pain is thoroughly
evaluated. Pain scales or questionnaires are used to at-
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tach an objective measure to a subjective experience.
Objective measurements allow health care workers to
better understand the pain being suffered by the patient.
Evaluation also includes physical examinations and di-
agnostic tests to determine underlying causes. Some
evaluations require assessments from several viewpoints,
including neurology, psychiatry and psychology, and
physical therapy. If pain is due to a medical procedure,
management consists of anticipating the type and inten-
sity of associated pain and managing it preemptively.

Nurses or physicians often take what is called a pain
history. This will help to provide important information
that can help health care providers to better manage the
patient’s pain. A typical pain history includes the follow-
ing questions:

* Where is the pain located?

* On a scale of 1 to 10, with 1 indicating the least pain,
how would the person rate the pain being experienced?

» What does the pain feel like?

* When did (or does) the pain start?

» How long has the person had it?

« Is the person sometimes free of pain?

* Does the person know of anything that triggers the
pain, or makes it worse?

* Does the person have other symptoms (nausea, dizzi-
ness, blurred vision, etc.) during or after the pain?

» What pain medications or other measures has the per-
son found to help in easing the pain?

* How does the pain affect the person’s ability to carry
on normal activities?
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KEY TERMS

Acute—Referring to pain in response to injury or
other stimulus that resolves when the injury heals
or the stimulus is removed.

Central nervous system (CNS)—The part of the
nervous system that includes the brain and the
spinal cord.

Chronic—Referring to pain that endures beyond the
term of an injury or painful stimulus. Can also refer
to cancer pain, pain from a chronic or degenerative
disease, and pain from an unidentified cause.

latrogenic—Resulting from the activity of the
physician.
Neuropathy—Nerve damage.

Neurotransmitter—Chemicals within the nervous
system that transmit information from or between
nerve cells.

Nociceptor—A nerve cell that is capable of sens-
ing pain and transmitting a pain signal.

» What does it mean to the person that he or she is expe-
riencing pain?

Aftercare

An assessment by nursing staff as well as other
health care providers should be made to determine the
effectiveness of the pain management interventions em-
ployed. There are objective, measurable signs and symp-
toms of pain that can be looked for. The goal of good
pain management is the absence of these signs. Signs of
acute pain include:

» rise in pulse and blood pressure
* more rapid breathing
* perspiring profusely, clammy skin
* taut muscles
* more tense appearance, fast speech, very alert
« unusually pale skin
« dilated pupils of the eye
Signs of chronic pain include:
* lower pulse and blood pressure
* changeable breathing pattern
» warm, dry skin
* nausea and vomiting

* slow speech in monotone
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Non-pharmacological—Referring to therapy that
does not involve drugs.

Parasympathetic nervous system—That part of the
autonomic nervous system consisting of nerves
that arise from the cranial and sacral regions and
function in opposition to the sympathetic nervous
system.

Peripheral nervous system (PNS)—Nerves that are
outside of the brain and spinal cord.

Pharmacological—Referring to therapy that relies
on drugs.

Stimulus—A factor capable of eliciting a response
in a nerve.

Sympathetic nervous system—That portion of the
autonomic nervous system consisting of nerves
that originate in the thoracic and lumbar spinal
cord and function in opposition to the parasympa-
thetic nervous system.

« inability, or difficulty in getting out of bed and doing
activities

» constricted pupils of the eye

When these signs are absent and the patient appears
to be comfortable, health care providers can consider
their interventions to have been successful. It is also im-
portant to document interventions used, and which ones
were successful.

Risks

Owing to toxicity over the long term, some drugs can
only be used for acute pain or as adjuncts in chronic pain
management. NSAIDs have the well-known side effect of
causing gastrointestinal bleeding, and long-term use of ac-
etaminophen has been linked to kidney and liver damage.
Other drugs, especially narcotics, have serious side effects
such as constipation, drowsiness, and nausea. Serious side
effects can also accompany pharmacological therapies;
mood swings, confusion, bone thinning, cataract forma-
tion, increased blood pressure, and other problems may
discourage or prevent use of some analgesics.

Non-pharmacological therapies carry little or no
risks. However, it is advised that individuals recovering
from serious illness or injury consult with the health care
providers or physical therapists before making use of ad-
junct therapies. Invasive procedures carry risks similar to
other surgical procedures, such as infection, reaction to
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anesthesia, and iatrogenic (injury as a result of treat-
ment) injury.

A traditional concern about narcotics use has been
the risk of promoting addiction. As narcotic use contin-
ues over time, the body becomes accustomed to the drug
and adjusts normal functions to accommodate to its pres-
ence. Therefore, to elicit the same level of action, it is
necessary to increase dosage over time. As dosage in-
creases, an individual may become physically dependent
on narcotic drugs.

However, physical dependence is different from
psychological addiction. Physical dependence is charac-
terized by discomfort if drug administration suddenly
stops, while psychological addiction is characterized by
an overpowering craving for the drug for reasons other
than pain relief. Psychological addiction is a very real
and necessary concern in some instances, but it should
not interfere with a genuine need for narcotic pain relief.
However, caution must be taken with people who have a
history of addictive behavior.

Normal results

Effective application of pain management tech-
niques reduces or eliminates acute or chronic pain. This
treatment can improve an individual’s quality of life and
aid in recovery from injury and disease.
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Pain relievers see Analgesics

Pallidotomy
Definition

Pallidotomy is the destruction of a small region of
the brain, the globus pallidus internus, in order to treat
some of the symptoms of Parkinson’s disease.

Purpose

The symptoms of Parkinson’s disease (PD) include
rigidity, slowed movements, and tremor, along with pos-
tural instability and a variety of non-motor symptoms
(i.e., symptoms not involving movement). These symp-
toms are due to degeneration of a small portion of the
brain called the substantia nigra, the cells of which se-
crete the chemical dopamine that influences cells in an-
other brain region called the globus pallidus internus
(GP1i). Together with other brain regions, these two struc-
tures take part in complex control loops that govern cer-
tain aspects of movement and, when substantia nigra
cells degenerate, these loops are disrupted and move-
ments become unregulated, producing the symptoms of
Parkinson’s disease.

The effects of dopamine on the brain can be mimic-
ked by the drug levodopa: levodopa therapy is the main-
stay of PD treatment in its early stages. Unfortunately, lev-
odopa becomes less effective over time, and also produces
unwanted and uncontrolled movements called dyskine-
sias. This may occur after five to 10 years or more of suc-
cessful levodopa treatment. Once a patient can no longer
be treated effectively with levodopa, surgery is considered
as a management option. Pallidotomy is one of the main
surgical options for treatment of advanced PD.

The effect of dopamine on the cells of the GPi is to
suppress them by preventing them from firing. Pallidoto-
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Pallidotomy

WHO PERFORMS
THE PROCEDURE AND
WHERE IS IT PERFORMED?

Pallidotomy is performed in the hospital by a
neurosurgeon, in coordination with the pa-
tient’s neurologist.

my mimics this action by permanently destroying the
GPi cells. It may seem odd that the treatment for degen-
eration of one brain area is to destroy another, but in the
absence of dopamine, the GPi cells are overactive, and
therefore, eliminating them is an appropriate treatment.

The GPi has two halves that control movements on
opposites sides: right controls left, left controls right.
Unilateral (one-sided) pallidotomy may be used if symp-
toms are markedly worse on one side or the other, or if
the risks from bilateral (two-sided) pallidotomy are
judged to be too great.

Demographics

Parkinson’s disease affects approximately one mil-
lion Americans. The peak incidence is approximately at
age 62, but young-onset PD can occur as early as age 40.
Because young-onset patients live with their disease for
so many more years, they are more likely to become can-
didates for surgery than older-onset patients. In addition,
younger patients tend to do better with surgery and suf-
fer fewer adverse effects from the surgery. Approximate-
ly 5% of older PD patients receive one form or another
of PD surgery; many more develop the symptoms for
which surgery may be effective, but either develop them
at an advanced age, making surgery inadvisable, or de-
cide the risks of surgery are not worth the potential bene-
fit, or do not choose surgery for some other reason.

Description

Pallidotomy requires the insertion of a long needle-
like probe deep into the brain through a hole in the top of
the skull. In order to precisely locate the GPi target, and
to ensure the probe is precisely placed in the target, a
“stereotactic frame” is used. This device is a rigid frame
attached to the patient’s head, providing an immobile
three-dimensional coordinate system, which can be used
to precisely track the location of the GPi and the move-
ment of the probe.

For unilateral pallidotomy, a single “burr hole” is
made in the top of the skull; bilateral pallidotomy re-
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quires two holes. A strong topical anesthetic is used to
numb the shaved area before this hole is drilled. Since
there are no pain receptors in the brain, there is no need
for deeper anesthetic. In addition, the patient must re-
main awake in order to report any sensory changes dur-
ing the surgery. The lesion made in the GPi is very close
to the optic tract that carries visual information from the
eyes to the rear of the brain. Visual changes may indicate
the probe is too close to this region.

Once the burr hole is made, the surgeon inserts a mi-
croelectrode probe, which is used to more precisely lo-
cate the GPi. Electrical stimulation of the brain through
the electrode can help determine exactly which structure
is being stimulated. This is harmless, but may cause
twitching, light flashes, or other sensations. A contrast
dye may also be injected into the spinal fluid, which al-
lows the surgeon to visualize the brain’s structure using
one or more imaging techniques. During the procedure,
the patient will be asked to make various movements to
assist in determining the location of the electrode.

When the proper target is located, the electrode tip
is briefly heated, carefully destroying the surrounding
tissue to about the size of a pearl. If bilateral pallidotomy
is being performed, the localizing and lesioning will be
repeated on the other side.

Diagnosis/Preparation

Pallidotomy is performed in patients with Parkinson’s
disease who are still responsive to levodopa, but who have
developed disabling drug treatment complications known
as motor fluctuations, including rapid wearing off of drug
effect, unpredictable “off states” (times of low levodopa
levels in the blood), and disabling dyskinesias. Those who
are very elderly, demented, or with other significant med-
ical conditions that would be compromised by surgery are
usually not candidates for pallidotomy.

The surgical candidate should discuss all the surgical
options with the neurologist before deciding on pallidoto-
my. A full understanding of the risks and potential bene-
fi