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damage to the brain may result in permanent disability, with appropriate 
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Preface

About This Book

Millions of Americans and their families experience the daily chal-
lenges of living with physical, mental, or emotional difficulties that 
result from brain disorders caused by heredity, infection, injury, tu-
mors, or degeneration. For example, an estimated four million people 
are currently living with the effects of stroke, which is the leading 
cause of serious, long-term disability in adults. Another 2.4 to 4.5 mil-
lion individuals live with Alzheimer disease, and each year 1.4 million 
Americans suffer a traumatic brain injury. Although damage to the 
brain may result in permanent disability, with appropriate treatment 
and follow-up care, many affected individuals are able to participate 
fully in life’s activities.

 Brain Disorders Sourcebook, Third Edition provides readers with 
updated information about brain function, neurological emergencies 
such as a brain attack (stroke) or seizure, and symptoms of brain 
disorders. It describes the diagnosis, treatment, and rehabilitation 
therapies for genetic and congenital brain disorders, brain infections, 
brain tumors, seizures, traumatic brain injuries, and degenerative 
neurological disorders such as Alzheimer disease and other dementias, 
Parkinson disease, and amyotrophic lateral sclerosis (ALS). A glossary 
of related terms is also included along with a directory of additional 
resources about brain disorders.
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How to Use This Book

This book is divided into parts and chapters. Parts focus on broad 
areas of interest. Chapters are devoted to single topics within a 
part.

Part I: Brain Basics describes the human brain and how the aging 
process and the environment may contribute to brain disorders. Symp-
toms of brain disorders and details about identifying neurological 
emergencies are discussed. Facts about coma, other states of impaired 
consciousness, and brain death are also included.

Part II: Diagnosing and Treating Brain Disorders reviews common 
neurological tests and describes current treatments, including the use 
of steroids, chemotherapy, radiation therapy, and brain surgery. Infor-
mation about cognitive recovery, measurements of brain function, and 
guidelines for finding rehabilitation facilities is also presented.

Part III: Genetic and Congenital Brain Disorders offers informa-
tion about adrenoleukodystrophy, Batten disease, and other neu-
rological conditions that create severe disability and often shorten 
the lifespan. It also reviews congenital disorders that affect brain 
function throughout life, but which are not always progressively 
debilitating. These include cerebral palsy, cephalic disorders, and 
other birth defects.

Part IV: Brain Infections describes inflammatory diseases caused 
by bacteria, viruses, or parasites that affect the brain and related 
structures. These ailments, which can cause severe illness—and even 
death—in otherwise healthy individuals, include encephalitis, menin-
gitis, and neurocysticercosis.

Part V: Acquired and Traumatic Brain Injuries offers guidelines for 
identifying traumatic head injuries and offering first aid. Facts about 
concussions are provided, and detailed information about traumatic 
brain injury (TBI) is given to help individuals and families affected by 
a TBI deal with difficulties such as cognition problems, fatigue, emo-
tional disturbances, sleep disorders, and employment-related concerns. 
Separate chapters present information about acquired (non-traumatic) 
brain injuries, including brain aneurysm, cavernous angioma, hydro-
cephalus, and stroke.

Part VI: Brain Tumors describes the symptoms and treatments for 
primary, metastatic, pituitary, and childhood brain tumors as well as 
benign and tumor-associated brain cysts. It offers tips for managing 
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treatment side effects, fatigue, cognitive changes, and work-related 
concerns.

Part VII: Degenerative Brain Disorders discusses neurological disorders 
that often lead to progressive deterioration of physical or mental func-
tioning. These include Alzheimer disease and other dementias, amyo-
trophic lateral sclerosis (ALS), Creutzfeldt-Jakob disease, Huntington 
disease, multiple sclerosis (MS), Parkinson disease, and progressive 
supranuclear palsy (PSP).

Part VIII: Seizures and Neurological Disorders of Sleep describes epi-
leptic and non-epileptic seizure disorders, myoclonus, restless legs 
syndrome, and narcolepsy. The chapters in this section review available 
treatments, including medication, surgery, vagus nerve stimulation, 
and the Ketogenic diet.

Part VI: Additional Help and Information provides a glossary of terms 
related to brain disorders and a directory of organizations and re-
sources for additional information.
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issued by the following U.S. government agencies: Agency for Toxic 
Substances and Disease Registry; Centers for Disease Control and 
Prevention (CDC); Genetics Home Reference; Morbidity and Mortality 
Weekly Report (MMWR); National Cancer Institute (NCI); National 
Center for Infectious Diseases; National Heart, Lung, and Blood In-
stitute (NHLBI); National Institute of Environmental Health Sciences 
(NIEHS); National Institute of Mental Health (NIMH); National Insti-
tute of Neurological Disorders and Stroke (NINDS); National Institute 
on Aging (NIA); National Institute on Drug Abuse (NIDA); National 
Institutes of Health (NIH); U.S. Department of Labor; and the U.S. 
Department of Veterans Affairs (VA)

In addition, this volume contains copyrighted documents from the 
following organizations and individuals: A.D.A.M., Inc.; Alzheimer’s 
Association; American Brain Tumor Association; Angioma Alliance; 
Brain Injury Resource Center; Children’s National Medical Center; 
Epilepsy.com; Haygoush Kalinian, PhD; Lewy Body Dementia Associa-
tion; Lifespan; National Association of State Head Injury Administra-
tors; National Stroke Association; Nemours Foundation; Traumatic 
Brain Injury Model Systems National Data and Statistical Center; 
United Leukodystrophy Foundation; University of Washington Model 
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System Knowledge Translation Center; and Wolters Kluwer Health/
Lippincott Williams and Wilkins.
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About the Health Reference Series

The Health Reference Series is designed to provide basic medical 
information for patients, families, caregivers, and the general public. 
Each volume takes a particular topic and provides comprehensive cov-
erage. This is especially important for people who may be dealing with 
a newly diagnosed disease or a chronic disorder in themselves or in a 
family member. People looking for preventive guidance, information 
about disease warning signs, medical statistics, and risk factors for 
health problems will also find answers to their questions in the Health 
Reference Series. The Series, however, is not intended to serve as a tool 
for diagnosing illness, in prescribing treatments, or as a substitute for 
the physician/patient relationship. All people concerned about medical 
symptoms or the possibility of disease are encouraged to seek profes-
sional care from an appropriate health care provider.

A Note about Spelling and Style

Health Reference Series editors use Stedman’s Medical Dictionary
as an authority for questions related to the spelling of medical terms 
and the Chicago Manual of Style for questions related to grammati-
cal structures, punctuation, and other editorial concerns. Consistent 
adherence is not always possible, however, because the individual vol-
umes within the Series include many documents from a wide variety 
of different producers and copyright holders, and the editor’s primary 
goal is to present material from each source as accurately as is possible 
following the terms specified by each document’s producer. This some-
times means that information in different chapters or sections may 
follow other guidelines and alternate spelling authorities. For example, 
occasionally a copyright holder may require that eponymous terms be 
shown in possessive forms (Crohn’s disease vs. Crohn disease) or that 
British spelling norms be retained (leukaemia vs. leukemia).
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Locating Information within the Health Reference Series

The Health Reference Series contains a wealth of information about 
a wide variety of medical topics. Ensuring easy access to all the fact 
sheets, research reports, in-depth discussions, and other material con-
tained within the individual books of the Series remains one of our 
highest priorities. As the Series continues to grow in size and scope, 
however, locating the precise information needed by a reader may 
become more challenging.

A Contents Guide to the Health Reference Series was developed to 
direct readers to the specific volumes that address their concerns. It 
presents an extensive list of diseases, treatments, and other topics of 
general interest compiled from the Tables of Contents and major index 
headings. To access A Contents Guide to the Health Reference Series,
visit www.healthreferenceseries.com.

Medical Consultant

Medical consultation services are provided to the Health Reference 
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Health Reference Series Update Policy
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Basics of the Healthy Brain

The brain is a remarkable organ. Seemingly without effort, it allows 
us to carry out every element of our daily lives. It manages many body 
functions, such as breathing, blood circulation, and digestion, without 
our knowledge or direction. It also directs all the functions we carry 
out consciously. We can speak, hear, see, move, remember, feel emo-
tions, and make decisions because of the complicated mix of chemical 
and electrical processes that take place in our brains.

The brain is made of nerve cells and several other cell types. Nerve 
cells also are called neurons. The neurons of all animals function in 
basically the same way, even though animals can be very different from 
each other. Neurons survive and function with the help and support 
of glial cells, the other main type of cell in the brain. Glial cells hold 
neurons in place, provide them with nutrients, rid the brain of damaged 
cells and other cellular debris, and provide insulation to neurons in 
the brain and spinal cord. In fact, the brain has many more glial cells 
than neurons—some scientists estimate even ten times as many.

Another essential feature of the brain is its enormous network of 
blood vessels. Even though the brain is only about 2% of the body’s 
weight, it receives 20% of the body’s blood supply. Billions of tiny blood 

Text in this chapter is excerpted from “Alzheimer’s Disease: Unraveling the 
Mystery,” National Institute on Aging (NIA), October 27, 2009. Also included are ex-
cerpts from, “NIH Launches the Human Connectome Project to Unravel the Brain’s 
Connections,” National Institutes of Health (NIH), July 15, 2009.

Chapter 1

Inside the Human Brain
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vessels, or capillaries, carry oxygen, glucose (the brain’s principal 
source of energy), nutrients, and hormones to brain cells so they can 
do their work. Capillaries also carry away waste products.

Parts of the Human Brain

The main players: Two cerebral hemispheres account for 85% 
of the brain’s weight. The billions of neurons in the two hemispheres 
are connected by thick bundles of nerve cell fibers called the corpus 
callosum. Scientists now think that the two hemispheres differ not so 
much in what they do (the logical versus artistic notion), but in how 
they process information. The left hemisphere appears to focus on 
details (such as recognizing a particular face in a crowd). The right 

Figure 1.1. Front View of the Brain
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hemisphere focuses on broad background (such as understanding the 
relative position of objects in a space). The cerebral hemispheres have 
an outer layer called the cerebral cortex. This is where the brain pro-
cesses sensory information received from the outside world, controls 
voluntary movement, and regulates cognitive functions, such as think-
ing, learning, speaking, remembering, and making decisions. The hemi-
spheres have four lobes, each of which has different roles:

-
utive function activities like thinking, organizing, planning, and 
problem solving, as well as memory, attention, and movement.

Figure 1.2. Side View of the Brain
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the perception and integration of stimuli from the senses.

with vision.

-
der the frontal and parietal lobes, deals with the senses of smell, 
taste, and sound, and the formation and storage of memories.

The cerebellum sits above the brain stem and beneath the occipital 
lobe. It takes up a little more than 10% of the brain. This part of the 
brain plays roles in balance and coordination. The cerebellum has two 
hemispheres, which receive information from the eyes, ears, and muscles 
and joints about the body’s movements and position. Once the cerebel-
lum processes that information, it sends instructions to the body through 
the rest of the brain and spinal cord. The cerebellum’s work allows us 
to move smoothly, maintain our balance, and turn around without even 
thinking about it. It also is involved with motor learning and remember-
ing how to do things like drive a car or write your name.

The brain stem sits at the base of the brain. It connects the spinal 
cord with the rest of the brain. Even though it is the smallest of the 
three main players, its functions are crucial to survival. The brain stem 
controls the functions that happen automatically to keep us alive—our 
heart rate, blood pressure, and breathing. It also relays information 
between the brain and the spinal cord, which then sends out messages 
to the muscles, skin, and other organs. Sleep and dreaming are also 
controlled by the brain stem.

Other crucial parts of the brain: Several other essential parts 
of the brain lie deep inside the cerebral hemispheres in a network of 
structures called the limbic system. The limbic system links the brain 
stem with the higher reasoning elements of the cerebral cortex. It plays 
a key role in developing and carrying out instinctive behaviors and 
emotions and also is important in perceiving smells and linking them 
with memory, emotion, and instinctive behaviors. The limbic system 
includes the following:

-
ing and remembering strong emotions such as fear. It is located 
in the temporal lobe just in front of the hippocampus.

-
tant for learning and short-term memory. This part of the brain 
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is thought to be the site where short-term memories are convert-
ed into long-term memories for storage in other brain areas.

-
sory and limbic information, processes it, and then sends it to the 
cerebral cortex.

activities such as body temperature and food intake. It issues in-
structions to correct any imbalances. The hypothalamus also 
controls the body’s internal clock.

The brain in action: Sophisticated brain-imaging techniques al-
low scientists to monitor brain function in living people and to see how 
various parts of the brain are used for different kinds of tasks. This is 
opening up worlds of knowledge about brain function and how it changes 
with age or disease. One of these imaging techniques is called positron 
emission tomography, or PET scanning. Some PET scans measure blood 
flow and glucose metabolism throughout the brain. Scientists can use 
PET scans to see what happens in the brain when a person is engaged in 
a physical or mental activity, at rest, or even while sleeping or dreaming. 
Certain tracers can track the activity of brain chemicals, for example 
neurotransmitters such as dopamine and serotonin. Some of these neu-
rotransmitters are changed with age, disease, and drug therapies.

Neurons and Their Jobs

The human brain is made up of billions of neurons. Each has a cell 
body, an axon, and many dendrites. The cell body contains a nucleus, 
which controls much of the cell’s activities. The cell body also contains 
other structures, called organelles that perform specific tasks.

The axon, which is much narrower than the width of a human hair, 
extends out from the cell body. Axons transmit messages from neuron 
to neuron. Sometimes, signal transmissions—like those from head to 
toe—have to travel over very long distances. Axons are covered with 
an insulating layer called myelin (also called white matter because of 
its whitish color). Myelin, which is made by a particular kind of glial 
cell, increases the speed of nerve signal transmissions through the 
brain. Dendrites also branch out from the cell body. They receive mes-
sages from the axons of other neurons. Each neuron is connected to 
thousands of other nerve cells through its axon and dendrites.

Groups of neurons in the brain have special jobs. For example, 
some are involved with thinking, learning, and memory. Others are 
responsible for receiving information from the sensory organs (such as 
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the eyes and ears) or the skin. Still others communicate with muscles, 
stimulating them into action. Several processes all have to work smooth-
ly together for neurons, and the whole organism, to survive and stay 
healthy. These processes are communication, metabolism, and repair.

Communication: Imagine the many miles of fiber-optic cables 
that run under our streets. Day and night, millions of televised and 
telephonic messages flash at incredible speeds, letting people strike 
deals, give instructions, share a laugh, or learn some news. Miniaturize 
it, multiply it many-fold, make it much more complex, and you have 
the brain. Neurons are the great communicators, always in touch with 
their neighbors.

Neurons communicate with each other through their axons and 
dendrites. When a dendrite receives an incoming signal (electrical or 
chemical), an action potential, or nerve impulse, can be generated in 
the cell body. The action potential travels to the end of the axon, and 
once there, the passage of either electrical current or, more typically, 
the release of chemical messengers, called neurotransmitters, can be 
triggered. The neurotransmitters are released from the axon terminal 
and move across a tiny gap, or synapse, to specific receptor sites on 
the receiving, or post-synaptic, end of dendrites of nearby neurons. A 
typical neuron has thousands of synaptic connections, mostly on its 
many dendrites, with other neurons. Cell bodies also have receptor 
sites for neurotransmitters.

Once the post-synaptic receptors are activated, they open channels 
through the cell membrane into the receiving nerve cell’s interior or 
start other processes that determine what the receiving nerve cell will 
do. Some neurotransmitters inhibit nerve cell function (that is, they 
make it less likely that the nerve cell will send an electrical signal 
down its axon). Other neurotransmitters stimulate nerve cells, priming 
the receiving cell to become active or send an electrical signal down 
the axon to more neurons in the pathway. A neuron receives signals 
from many other neurons simultaneously, and the sum of a neuron’s 
neurotransmitter inputs at any one instant will determine whether it 
sends a signal down its axon to activate or inhibit the action of other 
neighboring neurons. During any one moment, millions of these sig-
nals are speeding through pathways in the brain, allowing the brain 
to receive and process information, make adjustments, and send out 
instructions to various parts of the body.

Metabolism: All cells break down chemicals and nutrients to gener-
ate energy and form building blocks that make new cellular molecules 
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such as proteins. This process is called metabolism. To maintain me-
tabolism, the brain needs plenty of blood constantly circulating through its 
billions of capillaries to supply neurons and other brain cells with oxygen 
and glucose. Without oxygen and glucose, neurons will quickly die.

Repair: Nerve cells are formed during fetal life and for a short 
time after birth. Unlike most cells, which have a fairly short lifespan, 
neurons in the brain live a long time. These cells can live for up to 100 
years or longer. To stay healthy, living neurons must constantly main-
tain and repair themselves. In an adult, when neurons die because of 
disease or injury, they are not usually replaced. Research, however, 
shows that in a few brain regions, new neurons can be generated, even 
in the old brain.

NIH Launches the Human Connectome Project to 
Unravel the Brain’s Connections

The National Institutes of Health (NIH) Blueprint for Neuroscience 
Research is launching a $30 million project that will use cutting-edge 
brain imaging technologies to map the circuitry of the healthy adult 
human brain. By systematically collecting brain imaging data from 
hundreds of subjects, the Human Connectome Project (HCP) will yield 
insight into how brain connections underlie brain function, and will 
open up new lines of inquiry for human neuroscience.

“The HCP is truly a grand and critical challenge: to map the wir-
ing diagram of the entire, living human brain. Mapping the circuits 
and linking these circuits to the full spectrum of brain function in 
health and disease is an old challenge but one that can finally be ad-
dressed rigorously by combining powerful, emerging technologies,” 
says Thomas Insel, MD, director of the National Institute of Mental 
Health (NIMH), which is part of the NIH Blueprint.

“Neuroscientists have only a piecemeal understanding of brain con-
nectivity. If we knew more about the connections within the brain—and 
especially their susceptibility to change—we would know more about 
brain dysfunction in aging, mental health disorders, addiction, and 
neurological disease,” says Story Landis, PhD, director of the National 
Institute of Neurological Disorders and Stroke (NINDS), also part of 
the NIH Blueprint. For example, there is evidence that the growth of 
abnormal brain connections during early life contributes to autism 
and schizophrenia. Changes in connectivity also appear to occur when 
neurons degenerate, either as a consequence of normal aging or of 
diseases such as Alzheimer disease.
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In addition to brain imaging, the HCP will involve collection of 
deoxyribonucleic acid (DNA) samples, demographic information, and 
behavioral data from the subjects. Together, these data could hint at 
how brain connectivity is influenced by genetics and the environment, 
and in turn, how individual differences in brain connectivity relate to 
individual differences in behavior. Primarily, however, the data will 
serve as a baseline for future studies. These data will be freely avail-
able to the research community.

The complexity of the brain and a lack of adequate imaging technol-
ogy have hampered past research on human brain connectivity. The 
brain is estimated to contain more than 100 billion neurons that form 
trillions of connections with each other. Neurons can connect across 
distant regions of the brain by extending long, slender projections 
called axons—but the trajectories that axons take within the human 
brain are almost entirely uncharted.

In the HCP, researchers will optimize and combine state-of-the-
art brain imaging technologies to probe axonal pathways and other 
brain connections. In recent years, sophisticated versions of magnetic 
resonance imaging (MRI) have emerged that are capable of looking 
beyond the brain’s gross anatomy to find functional connections. Func-
tional MRI (fMRI), for example, uses changes in blood flow and oxygen 
consumption within the brain as markers for neuronal activity, and 
can highlight the brain circuits that become active during different 
behaviors.

“Human connectomics has been gaining momentum in the research 
community for a few years,” says Michael Huerta, PhD, associate di-
rector of NIMH and the lead NIH contact for the HCP. “The data, the 
imaging tools, and the analytical tools produced through the HCP will 
play a major role in launching connectomics as a field.”
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In the past several decades, investigators have learned much about 
what happens in the brain when people have a neurodegenerative 
disease such as Parkinson disease, Alzheimer disease (AD), or other 
dementias. Their findings also have revealed much about what hap-
pens during healthy aging. Researchers are investigating a number 
of changes related to healthy aging in hopes of learning more about 
this process so they can fill gaps in our knowledge.

As a person gets older, changes occur in all parts of the body, includ-
ing the brain:

-
tex (an area at the front of the frontal lobe) and the hippocampus. 
Both areas are important to learning, memory, planning, and 
other complex mental activities.

-
tion between neurons. In certain brain regions, communication 
between neurons can be reduced because white matter (myelin-
covered axons) is degraded or lost.

-
duced because arteries narrow and less growth of new capillaries 
occurs.

Excerpted from “Alzheimer’s Disease: Unraveling the Mystery,” National In-
stitute on Aging (NIA), updated November 25, 2008.

Chapter 2

Brain Changes 
Related to Healthy 

Aging
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outside of and inside neurons, respectively, although in much 
smaller amounts than in AD.

molecule that reacts easily with other molecules).

that occurs when the body responds to an injury, disease, or ab-
normal situation).

What effects does aging have on mental function in healthy older 
people? Some people may notice a modest decline in their ability to 
learn new things and retrieve information, such as remembering names. 
They may perform worse on complex tasks of attention, learning, and 
memory than would a younger person. However, if given enough time 
to perform the task, the scores of healthy people in their 70s and 80s 
are often similar to those of young adults. In fact, as they age, adults 
often improve in other cognitive areas, such as vocabulary and other 
forms of verbal knowledge.

It also appears that additional brain regions can be activated in 
older adults during cognitive tasks, such as taking a memory test. 
Researchers do not fully understand why this happens, but one idea 
is that the brain engages mechanisms to compensate for difficulties 
that certain regions may be having. For example, the brain may recruit 
alternate brain networks in order to perform a task. These findings 
have led many scientists to believe that major declines in mental abili-
ties are not inevitable as people age. Growing evidence of the adaptive 
(what scientists call plastic) capabilities of the older brain provide hope 
that people may be able to do things to sustain good brain function 
as they age. A variety of interacting factors, such as lifestyle, overall 
health, environment, and genetics also may play a role.

Another question that scientists are asking is why some people 
remain cognitively healthy as they get older while others develop cog-
nitive impairment or dementia. The concept of cognitive reserve may 
provide some insights. Cognitive reserve refers to the brain’s ability to 
operate effectively even when some function is disrupted. It also refers 
to the amount of damage that the brain can sustain before changes in 
cognition are evident. People vary in the cognitive reserve they have, 
and this variability may be because of differences in genetics, educa-
tion, occupation, lifestyle, leisure activities, or other life experiences. 
These factors could provide a certain amount of tolerance and ability to 
adapt to change and damage that occurs during aging. At some point, 
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depending on a person’s cognitive reserve and unique mix of genet-
ics, environment, and life experiences, the balance may tip in favor of 
a disease process that will ultimately lead to dementia. For another 
person, with a different reserve and a different mix of genetics, envi-
ronment, and life experiences, the balance may result in no apparent 
decline in cognitive function with age.

Scientists are increasingly interested in the influence of all these 
factors on brain health, and studies are revealing some clues about 
actions people can take that may help preserve healthy brain aging. 
Fortunately, these actions also benefit a person’s overall health:

-
ease and diabetes (for example, keeping blood cholesterol and 
blood pressure at healthy levels and maintaining a healthy 
weight)

fruits

-
ing close social ties with family, friends, and community

Advanced Cognitive Training for Independent and Vital 
Elderly (ACTIVE) Study May Provide Clues to Help Older 
Adults Stay Mentally Sharp

The phrase “use it or lose it” may make you think of your muscles, 
but scientists who study brain health in older people have found that 
it may apply to cognitive skills as well. In 2006, scientists funded by 
National Institute on Aging (NIA) and the National Institute of Nurs-
ing Research completed a study of cognitive training in older adults. 
This study, the Advanced Cognitive Training for Independent and Vital 
Elderly (ACTIVE) study, was the first randomized controlled trial to 
demonstrate long-lasting, positive effects of brief cognitive training 
in older adults.

The ACTIVE study included 2,802 healthy adults age 65 and older 
who were living independently. Participants were randomly assigned 
to four groups. Three groups took part in up to ten computer-based 
training sessions that targeted a specific cognitive ability—memory, 
reasoning, and speed of processing (in other words, how fast partici-
pants could respond to prompts on a computer screen). The fourth 
group (the control group) received no cognitive training. Of those who 
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completed the initial training, 60% also took part in 75-minute booster 
sessions 11 months later. These sessions were designed to maintain 
improvements gained from the initial training.

The investigators tested the participants at the beginning of the 
study, after the initial training and booster sessions, and once a year for 
five more years. They found that the improvements from the training 
roughly counteracted the degree of decline in cognitive performance 
that would be expected over a 7- to 14-year period among older people 
without dementia:

speed group, 74% of the reasoning group, and 26% of the memo-
ry group showed improvement in the skills taught.

in their respective areas of training than did people in the control 
group. The reasoning and processing-speed groups who received 
booster training had the greatest benefit.

The researchers also looked at the training’s effects on participants’ 
everyday lives. After five years, all three groups who received train-
ing reported less difficulty than the control group in tasks such as 
preparing meals, managing money, and doing housework. However, 
these results were statistically significant for only the group that had 
the reasoning training.

As they get older, many people worry about their mental skills get-
ting rusty. The ACTIVE study offers hope that cognitive training may 
be useful because it showed that relatively brief and targeted cognitive 
exercises can produce lasting improvements in the skills taught. Next 
steps for researchers are to determine ways to generalize the training 
benefits beyond the specific skills taught in ACTIVE and to find out 
whether cognitive training programs could prevent, delay, or diminish 
the effects of Alzheimer disease and other dementias.
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Section 3.1

Impact of Drug Abuse 
and Addiction on the Brain

Excerpted from “Understanding Drug Abuse and Addiction,” 
NIDA InfoFacts, June 2008, National Institute on Drug Abuse (NIDA).

Addiction is a chronic, often relapsing brain disease that causes 
compulsive drug seeking and use despite harmful consequences to 
the individual who is addicted and to those around them. Drug ad-
diction is a brain disease because the abuse of drugs leads to changes 
in the structure and function of the brain. Although it is true that for 
most people the initial decision to take drugs is voluntary, over time 
the changes in the brain caused by repeated drug abuse can affect a 
person’s self control and ability to make sound decisions, and at the 
same time send intense impulses to take drugs.

It is because of these changes in the brain that it is so challenging 
for a person who is addicted to stop abusing drugs. Fortunately, there 
are treatments that help people to counteract addiction’s powerful 
disruptive effects and regain control. Research shows that combining 
addiction treatment medications, if available, with behavioral therapy 
is the best way to ensure success for most patients. Treatment ap-
proaches that are tailored to each patient’s drug abuse patterns and 
any co-occurring medical, psychiatric, and social problems can lead 
to sustained recovery and a life without drug abuse. Similar to other 
chronic, relapsing diseases, such as diabetes, asthma, or heart disease, 
drug addiction can be managed successfully. And, as with other chronic 
diseases, it is not uncommon for a person to relapse and begin abus-
ing drugs again. Relapse, however, does not signal failure—rather, 
it indicates that treatment should be reinstated, adjusted, or that 
alternate treatment is needed to help the individual regain control 
and recover.

What happens to your brain when you take drugs?

Drugs are chemicals that tap into the brain’s communication system 
and disrupt the way nerve cells normally send, receive, and process 
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information. There are at least two ways that drugs are able to do this: 
(1) by imitating the brain’s natural chemical messengers, and/or (2) by 
overstimulating the reward circuit of the brain.

Nearly all drugs, directly or indirectly, target the brain’s reward 
system by flooding the circuit with dopamine. Dopamine is a neu-
rotransmitter present in regions of the brain that control movement, 
emotion, motivation, and feelings of pleasure. The overstimulation 
of this system which normally responds to natural behaviors that 
are linked to survival (eating, spending time with loved ones, and so 
forth) produces euphoric effects in response to the drugs. This reaction 
sets in motion a pattern that teaches people to repeat the behavior of 
abusing drugs.

As a person continues to abuse drugs, the brain adapts to the over-
whelming surges in dopamine by producing less dopamine or by re-
ducing the number of dopamine receptors in the reward circuit. As a 
result, dopamine’s impact on the reward circuit is lessened, reducing 
the abuser’s ability to enjoy the drugs and the things that previously 
brought pleasure. This decrease compels those addicted to drugs to 
keep abusing drugs in order to attempt to bring their dopamine func-
tion back to normal. And, they may now require larger amounts of 
the drug than they first did to achieve the dopamine high—an effect 
known as tolerance.

Long-term abuse causes changes in other brain chemical systems 
and circuits as well. Glutamate is a neurotransmitter that influences 
the reward circuit and the ability to learn. When the optimal con-
centration of glutamate is altered by drug abuse, the brain attempts 
to compensate, which can impair cognitive function. Drugs of abuse 
facilitate unconscious (conditioned) learning, which leads the user to 
experience uncontrollable cravings when they see a place or person 
they associate with the drug experience, even when the drug itself is 
not available. Brain imaging studies of drug-addicted individuals show 
changes in areas of the brain that are critical to judgment, decision-
making, learning and memory, and behavior control. Together, these 
changes can drive an abuser to seek out and take drugs compulsively 
despite adverse consequences—in other words, to become addicted to 
drugs.

Why do some people become addicted and others do not?

No single factor can predict whether or not a person will become 
addicted to drugs. Risk for addiction is influenced by a person’s biology, 
social environment, and age or stage of development. The more risk 
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factors an individual has, the greater the chance that taking drugs 
can lead to addiction.

Biology: The genes that people are born with––in combination 
with environmental influences––account for about half of their 
addiction vulnerability. Additionally, gender, ethnicity, and the 
presence of other mental disorders may influence risk for drug 
abuse and addiction.

Environment: A person’s environment includes many different 
influences––from family and friends to socioeconomic status and 
quality of life in general. Factors such as peer pressure, physical 
and sexual abuse, stress, and parental involvement can greatly in-
fluence the course of drug abuse and addiction in a person’s life.

Development: Genetic and environmental factors interact 
with critical developmental stages in a person’s life to affect ad-
diction vulnerability, and adolescents experience a double chal-
lenge. Although taking drugs at any age can lead to addiction, 
the earlier that drug use begins, the more likely it is to progress 
to more serious abuse. And because adolescents’ brains are still 
developing in the areas that govern decision-making, judgment, 
and self-control, they are especially prone to risk-taking behav-
iors, including trying drugs of abuse.

Prevention Is the Key

Drug addiction is a preventable disease. Results from National 
Institute on Drug Abuse (NIDA)-funded research have shown that 
prevention programs that involve families, schools, communities, and 
the media are effective in reducing drug abuse. Although many events 
and cultural factors affect drug abuse trends, when youths perceive 
drug abuse as harmful, they reduce their drug taking. It is necessary, 
therefore, to help youth and the general public to understand the risks 
of drug abuse, and for teachers, parents, and healthcare professionals 
to keep sending the message that drug addiction can be prevented if 
a person never abuses drugs.



19

How Toxins Affect the Brain

Section 3.2

Mercury and Neurodevelopment
This section includes excerpts from “Mercury,” Centers for Disease Control 
and Prevention (CDC), November 2009; and excerpts from “Mercury and 
Neurodevelopment,” National Institute of Environmental Health Sciences 
(NIEHS), November 9, 2007.

Mercury

Mercury is an element and a metal that is found in air, water, and 
soil. It exists in three forms that have different properties, usage, and 
toxicity. The three forms are called elemental (or metallic) mercury, 
inorganic mercury compounds, and organic mercury compounds.

Elemental mercury is liquid at room temperature. It is used in 
some thermometers, dental amalgams, fluorescent light bulbs, some 
electrical switches, mining, and some industrial processes. It is re-
leased into the air when coal and other fossil fuels are burned.

Inorganic mercury compounds are formed when mercury combines 
with other elements, such as sulfur or oxygen, to form compounds or 
salts. Inorganic mercury compounds can occur naturally in the environ-
ment. Inorganic mercury compounds are used in some industrial pro-
cesses and in the making of other chemicals. Outside the United States, 
inorganic mercury salts have been used in cosmetic skin creams.

Organic mercury compounds are formed when mercury combines 
with carbon. Microscopic organisms in water and soil can convert el-
emental and inorganic mercury into an organic mercury compound, 
methylmercury, which accumulates in the food chain. Thimerosal and 
phenylmercuric acetate are other types of organic mercury compounds 
made in small amounts for use as preservatives.

How People Are Exposed to Mercury

Elemental mercury: People may be exposed when they breathe 
air containing elemental mercury vapors. Vapors may be present in 
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such workplaces as dental offices, smelting operations, and locations 
where mercury has been spilled or released. In the body, elemental 
mercury can be converted to inorganic mercury.

Inorganic mercury: People may be exposed if they work where 
inorganic mercury compounds are used.

Organic mercury: People may be exposed when they eat fish or 
shellfish contaminated with methylmercury. Methylmercury can pass 
through the placenta, exposing the developing fetus.

How Mercury Affects People’s Health

Elemental mercury: The human health effects from exposure to 
low environmental levels of elemental mercury are unknown. Very 
high mercury vapor concentrations can quickly cause severe lung 
damage. At low vapor concentrations over a long time, neurological 
disturbances, memory problems, skin rash, and kidney abnormalities 
may occur.

Inorganic mercury: When eaten in large amounts, some inor-
ganic mercury compounds can be very irritating and corrosive to the 
digestive system. If repeatedly eaten or applied to the skin over long 
periods of time, some inorganic mercury compounds can cause effects 
similar to what is seen with long-term mercury vapor exposure, in-
cluding neurological disturbances, memory problems, skin rash, and 
kidney abnormalities.

Organic mercury: Large amounts of methylmercury eaten over 
weeks to months have caused damage to the nervous system. Infants 
born to women who were poisoned with methylmercury had develop-
mental abnormalities and cerebral palsy.

Levels of Mercury in the U.S. Population

In the Fourth National Report on Human Exposure to Environmental 
Chemicals (Fourth Report), Centers for Disease Control and Prevention 
(CDC) scientists measured total mercury in the blood of 8,373 partici-
pants aged one year and older who took part in the National Health 
and Nutrition Examination Survey (NHANES) during 2003–2004. 
Total blood mercury is mainly a measure of methyl mercury exposure. 
In the same 2003–2004 NHANES, CDC scientists measured mercury 
in the urine of 2,538 participants aged six years and older. Mercury in 
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the urine is a measure of inorganic mercury exposure. By measuring 
mercury in blood and in urine, scientists can estimate the amount of 
mercury that has entered people’s bodies.

-
pants. Both blood and urine mercury levels tend to increase with 
age.

research area.

levels seen in other developed countries.

Finding a measurable amount of mercury in blood or urine does 
not mean that levels of mercury cause an adverse health effect. Bio-
monitoring studies on levels of mercury provide physicians and pub-
lic health officials with reference values so that they can determine 
whether people have been exposed to higher levels of mercury than 
are found in the general population. Bio-monitoring data can also 
help scientists plan and conduct research about exposure and health 
effects.

Mercury and Neurodevelopment

Mercury is a naturally occurring metallic element that is extremely 
toxic to the brain, kidneys, and developing fetus. Numerous studies 
have shown that methylmercury is a developmental neurotoxin that 
readily passes through the placenta and damages the fetal nervous 
system. In the early 1990s, National Institute of Environmental Health 
Sciences (NIEHS)-funded researchers at the University of Rochester 
conducted a nine-year study on children in the Republic of the Sey-
chelles to assess the developmental effects of low-dose exposure to 
methylmercury. The researchers tested 779 children at intervals of 6, 
19, 29, and 66 months of age, whose mothers ate an average of 12 fish 
meals per week while pregnant. The test results revealed no ill effects 
from the high-fish diet.

However, results of studies funded jointly by the NIEHS and the 
European Commission’s Climate Research Programme have shown 
some evidence of a link between mercury and developmental deficits. 
Cognitive tests performed on seven-year-old Faroe Islands children, 
whose mothers’ diets of fish and whale blubber exposed them to high 
levels of methylmercury during her pregnancy, revealed significant 
impairments in language, attention, and memory. The researchers 
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also noted similar cognitive deficits in these children when tested at 
14 years of age.

The NIEHS is funding additional studies to determine whether 
nutritional factors associated with fish consumption might protect 
the fetal brain from the adverse effects of environmental toxicants. 
Researchers are also conducting studies on the possible interaction 
between methylmercury and polychlorinated biphenyls, toxic pollut-
ants that were also present in the whale meat and blubber consumed 
by the Faroe Island subjects.

These studies have provided regulatory agencies with evidence 
of the developmental effects of mercury at environmentally relevant 
doses. This has resulted in the establishment of national fish consump-
tion advisories for at-risk groups including women who are pregnant, 
those who might become pregnant, and nursing mothers.

Section 3.3

Dangers of Lead Exposure
“Spotlight on Lead,” Centers for Disease Control and Prevention (CDC), 

November 2009.

Lead is a soft, dense, blue-gray metal. Lead occurs naturally in the 
earth’s crust, where it combines with other elements such as oxygen 
and sulfur. It is used to make batteries and metal mixtures. Lead is 
also contained in some ammunitions, old pipes and their soldered con-
nections, automotive radiators, pewter, pottery, folk medicines, leaded 
crystal glass, and as a contaminant in trace amounts in many products. 
Because of health concerns, lead is no longer added to gasoline and 
house paints. Lead solder for sealing tin food cans has been eliminated 
in the United States.

Exposure: People can be exposed to small amounts of lead by 
breathing air, drinking water, eating food, or swallowing dust or dirt 
that contains lead. For adults, the diet is the source of most general 
low-level environmental exposure to lead. Children can be exposed to 
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more lead than adults. Children are commonly exposed to lead from 
hand-to-mouth activities involving contaminated dust and soils around 
older homes that contain lead-based paint or from eating paint chips 
that contain lead. Less common sources of lead exposure include folk 
medicines, cosmetics, ceramic and metal cookware, unusual clay-eating 
behaviors, and imported toys. Workers may be exposed in industries 
that involve lead, such as smelting and battery manufacturing. Work-
ers can also secondarily expose household members by bringing lead 
home on their clothes.

Health effects: No safe blood lead level has been identified. For 
infants and young children, lead levels of ten micrograms or more in a 
deciliter of blood are levels of concern and can damage ability to learn. 
(A microgram is one millionth of a gram. A deciliter is about half a cup 
of liquid.) Of all people, young children face the most danger from expo-
sure to lead because their growing bodies are more prone to harm and 
also children absorb lead more easily than do adults’ bodies. Pregnant 
women and women of childbearing age should avoid exposure to lead 
because lead ingested by a mother can affect the unborn child. At much 
higher blood lead levels lead can damage people’s kidneys, blood, and 
nervous system and progress to coma, convulsions, or death.

U.S. population levels of lead: In the Fourth National Report 
on Human Exposure to Environmental Chemicals (Fourth Report),
Centers for Disease Control and Prevention (CDC) scientists measured 
lead in the blood of 8,373 participants aged one year and older and in 
the urine of 2543 participants aged six years and older who took part 
in the National Health and Nutrition Examination Survey (NHANES) 
during 2003–2004. Prior survey periods of 1999–2000 and 2001–2002 
are also included in the Fourth Report. By measuring lead in blood 
and urine, scientists can estimate the amount of lead that has entered 
people’s bodies.

had blood lead levels of concern—for example, ten micrograms per 
deciliter or higher. This finding is lower than the 4.4% seen in the 
period of 1988–1994.

-
ber of children with elevated blood lead levels in the general popu-
lation continue to be successful. However, special populations of 
children at high risk for lead exposure (for example, children liv-
ing in homes containing lead-based paint or lead-contaminated 
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dust) have higher rates of elevated blood lead levels and lead 
remains a major public health concern.

Bio-monitoring: Studies on levels of lead provide physicians 
and public health officials with reference values so that they can 
determine whether people have been exposed to higher levels of lead 
than are found in the general population. Bio-monitoring data can 
also help scientists plan and conduct research on exposure and health 
effects.

Section 3.4

Manganese and Brain Damage
This section includes excerpts from “Public Health Statement: Manganese,” 
Agency for Toxic Substances and Disease Registry, October 30, 2008; and 
excerpts from “Manganese and Brain Damage,” National Institute of En-
vironmental Health Sciences (NIEHS), November 9, 2007.

Public Health Statement on Manganese

The Environmental Protection Agency (EPA) identifies the most 
serious hazardous waste sites in the nation. These sites are then placed 
on the National Priorities List (NPL) and are targeted for long-term 
federal clean-up activities. Manganese has been found in at least 869 
of the 1,699 current or former NPL sites. Although the total number 
of NPL sites evaluated for this substance is not known, the possibil-
ity exists that the number of sites at which manganese is found may 
increase in the future as more sites are evaluated. This information is 
important because these sites may be sources of exposure and exposure 
to this substance may harm you.

When a substance is released either from a large area, such as an 
industrial plant, or from a container, such as a drum or bottle, it enters 
the environment. Such a release does not always lead to exposure. You 
can be exposed to a substance only when you come in contact with it. 
You may be exposed by breathing, eating, or drinking the substance, 
or by skin contact.
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If you are exposed to manganese, many factors will determine 
whether you will be harmed. These factors include the dose (how 
much), the duration (how long), and how you come in contact with it. 
You must also consider any other chemicals you are exposed to and 
your age, sex, diet, family traits, lifestyle, and state of health.

What is manganese?

Manganese is a naturally occurring substance found in many types 
of rocks and soil. Pure manganese is a silver-colored metal; however, 
it does not occur in the environment as a pure metal. Rather, it occurs 
combined with other substances such as oxygen, sulfur, and chlorine. 
Manganese is a trace element and is necessary for good health.

Manufacturing uses: Manganese is used principally in steel pro-
duction to improve hardness, stiffness, and strength. It is used in car-
bon steel, stainless steel, high-temperature steel, and tool steel, along 
with cast iron and super-alloys.

Consumer products: Manganese occurs naturally in most foods 
and may be added to food or made available in nutritional supplements. 
Manganese is also used in a wide variety of other products, includ-
ing: fireworks, dry-cell batteries, fertilizer, paints, a medical imaging 
agent, and cosmetics. It may also be used as an additive in gasoline 
to improve the octane rating of the gas. Small amounts of manganese 
are used in a pharmaceutical product called mangafodipir trisodium 
(MnDPDP) to improve lesion detection in magnetic resonance imaging 
of body organs.

How might I be exposed to manganese?

Food: The primary way you can be exposed to manganese is by 
eating food or manganese-containing nutritional supplements. Veg-
etarians who consume foods rich in manganese such as grains, beans 
and nuts, as well as heavy tea drinkers, may have a higher intake of 
manganese than the average person.

Workplace air: Certain occupations like welding or working in a 
factory where steel is made may increase your chances of being exposed 
to high levels of manganese.

Water and soil: Because manganese is a natural component of 
the environment, you are always exposed to low levels of it in water, 
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air, soil, and food. Manganese is routinely contained in groundwater, 
drinking water, and soil at low levels. Drinking water containing man-
ganese, or swimming or bathing in water containing manganese, may 
expose you to low levels of this chemical.

Air: Air also contains low levels of manganese, and breathing air 
may expose you to it. Releases of manganese into the air occur from 
industries using or manufacturing products containing manganese, 
mining activities, and automobile exhaust.

How can manganese affect my health?

The most common health problems in workers exposed to high 
levels of manganese involve the nervous system. These health effects 
include behavioral changes and other nervous system effects, which 
include movements that may become slow and clumsy. This combina-
tion of symptoms when sufficiently severe is referred to as mangan-
ism. Other less severe nervous system effects such as slowed hand 
movements have been observed in some workers exposed to lower 
concentrations in the work place.

The inhalation of a large quantity of dust or fumes containing man-
ganese may cause irritation of the lungs which could lead to pneumo-
nia. Also, loss of sex drive and sperm damage has been observed in 
men exposed to high levels of manganese in workplace air.

The manganese concentrations that cause effects such as slowed 
hand movements in some workers are approximately twenty thousand 
times higher than the concentrations normally found in the environ-
ment. Manganism has been found in some workers exposed to man-
ganese concentrations about a million times higher than normal air 
concentrations of manganese.

Affects on children: Studies in children have suggested that 
extremely high levels of manganese exposure may produce undesir-
able effects on brain development, including changes in behavior and 
decreases in the ability to learn and remember. In some cases, these 
same manganese exposure levels have been suspected of causing se-
vere symptoms of manganism disease (including difficulty with speech 
and walking).

How can families reduce the risk of exposure to manganese?

High levels of airborne manganese are observed in certain occu-
pational settings such as steel factories or welding areas. You should 
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take precautions to prevent inhalation of manganese by wearing an 
appropriate mask to limit the amount of manganese you breathe. Avoid 
wearing manganese dust-contaminated work clothing in your home or 
car. Avoid inhalation of welding fumes at home.

Children are not likely to be exposed to harmful amounts of man-
ganese in the diet. However, higher-than-usual amounts of manganese 
may be absorbed if their diet is low in iron. It is important to provide 
your child with a well-balanced diet.

While tap and bottled water generally contain safe levels of manga-
nese, well water may sometimes be contaminated with sufficiently high 
levels of manganese to create a potential health hazard. If drinking 
water is obtained from a well water source, it may be wise to have the 
water checked for manganese to ensure the level is below the current 
guideline level established by the Environmental Protection Agency 
(EPA).

Is there a medical test to determine whether I have been ex-
posed to manganese?

Several tests are available to measure manganese in blood, urine, 
hair, or feces. Because manganese is normally present in our body, some 
is always found in tissues or fluids. Normal ranges of manganese levels 
are about 4–15 μg/L in blood, 1–8 μg/L in urine, and 0.4–0.85 μg/L in 
serum (the fluid portion of the blood). Because excess manganese is 
usually removed from the body within a few days, past exposures are 
difficult to measure with common laboratory tests.

Manganese and Brain Damage

The National Institute of Environmental Health Sciences (NIEHS) 
has supported a number of studies to better understand the potential 
health effects associated with exposure to manganese. These studies 
show that long-term occupational exposure to manganese results in 
irreversible damage to areas of the brain that control body move-
ments. These findings have resulted in federal standards that limit 
the amount of manganese in drinking water, and new approaches for 
the prevention and treatment of neurological damage caused by man-
ganese exposure. Study results show the following:

of occupational exposure to manganese. The results showed that 
miners and steel workers exposed to high levels of manganese in 
occupational settings developed problems with balance, movement, 
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and fine motor coordination characteristic of Parkinson disease 
(PD), and were at much greater risk of developing PD itself.

-
gladesh, where groundwater levels of the toxic metal are relatively 
high showed that children who received the highest doses of man-
ganese in their drinking water had significantly lower scores on 
tests of intellectual function.

manganese from automobile emissions, and had high levels of 
the compound in their blood, showed signs of neurological prob-
lems that were similar to those reported in occupationally ex-
posed individuals.

-
nese’s effects on brain function shows that manganese exposure 
produces the same pattern of brain cell death as that seen in PD 
patients. The loss of these cells results in reduction of a critical 
neurotransmitter called dopamine, the chemical messenger re-
sponsible for coordinated muscle movement. These insights in   to 
the impact of manganese exposure on critical brain functions will 
eventually pave the way for new strategies designed to protect 
these dopamine-producing neurons from manganese-induced 
damage.
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Section 4.1

Symptom Overview
“Symptoms of Brain Disorder,” © 2005 Haygoush Kalinian, PhD. For 
additional information about neurological disorders and neuropsycho-
logical evaluation, along with information about contacting Dr. Kalinian, 
visit www.neuropsychconsultant.com. Reviewed in January, 2010 by 
David A. Cooke, MD, FACP, Diplomate, American Board of Internal 
Medicine.

Note: A number of different medical conditions can impact mental 
performance. The cause may be straightforward in some cases, but 
in others it may be quite difficult to identify. Consulting with a neu-
ropsychologist may help yield an accurate diagnosis. (David A. Cooke, 
MD, FACP, 2010.)

Symptoms of Brain Disorder

If you are experiencing any of these symptoms, consult with a neu-
ropsychologist.

Attention and Concentration Difficulties

Memory
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last meal)

Difficulty Solving Everyday Problems

-
thing

time

Speech, Language, and Math Skills
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change)

Nonverbal Skills

as brushing teeth)

Motor and Coordination Symptoms
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Sensory Symptoms
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Physical Symptoms

Mood/Emotion Symptoms

Behavior Symptoms
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Section 4.2

Headache
Excerpted from “Headache: Hope through Research,” 

National Institute of Neurological Disorders and Stroke (NINDS), 
NIH Publication No. 09–158, updated December 21, 2009.

Anyone can experience a headache. Nearly two out of three children 
will have a headache by age 15. More than nine in ten adults will 
experience a headache sometime in their life. Headache is our most 
common form of pain and a major reason cited for days missed at work 
or school as well as visits to the doctor. Without proper treatment, 
headaches can be severe and interfere with daily activities. Certain 
types of headache run in families. Episodes of headache may ease or 
even disappear for a time and recur later in life. It’s possible to have 
more than one type of headache at the same time.

Primary headaches occur independently and are not caused by 
another medical condition. It’s uncertain what sets the process of a 
primary headache in motion. Migraine, cluster, and tension-type head-
ache are the more familiar types of primary headache.

Secondary headaches are symptoms of another health disorder 
that causes pain-sensitive nerve endings to be pressed on or pulled or 
pushed out of place. They may result from underlying conditions in-
cluding fever, infection, medication overuse, stress or emotional conflict, 
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high blood pressure, psychiatric disorders, head injury or trauma, 
stroke, tumors, and nerve disorders (particularly trigeminal neuralgia, 
a chronic pain condition that typically affects a major nerve on one 
side of the jaw or cheek).

When to See a Doctor

Not all headaches require a physician’s attention. But headaches 
can signal a more serious disorder that requires prompt medical care. 
Immediately call or see a physician if you or someone you’re with ex-
perience any of these symptoms:

is not related to another illness

-
ness, double vision, or loss of consciousness

pattern or behavior

body, which could be a sign of a stroke

-
ache-free, particularly in someone over age 50

immunodeficiency virus/acquired immunodeficiency syndrome 
(HIV/AIDS)

Primary Headache Disorders

Primary headache disorders are divided into four main groups: 
migraine, tension-type headache, trigeminal autonomic cephalgias 
(a group of short-lasting but severe headaches), and a miscellaneous 
group.
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Migraine headaches: One form of vascular headaches charac-
terized by throbbing and pulsating pain caused by the activation of 
nerve fibers that reside within the wall of brain blood vessels traveling 
within the meninges. Migraines involve recurrent attacks of moder-
ate to severe pain that is throbbing or pulsing and often strikes one 
side of the head. Untreated attacks last from 4–72 hours. Other com-
mon symptoms are increased sensitivity to light, noise, and odors; and 
nausea and vomiting. Many people feel exhausted or weak following a 
migraine but are usually symptom-free between attacks.

Tension-type headache: Previously called muscle contraction 
headache, tension-type headache is the most common type of headache. 
The pain is usually mild to moderate and feels as if constant pressure 
is being applied to the front of the face or to the head or neck. It also 
may feel as if a belt is being tightened around the head. Most often 
the pain is felt on both sides of the head.

Trigeminal autonomic cephalgias: Some primary headaches are 
characterized by severe pain in or around the eye on one side of the face 
and autonomic (or involuntary) features on the same side, such as red 
and teary eye, drooping eyelid, and runny nose. These disorders, called 
trigeminal autonomic cephalgias (cephalgia meaning head pain), differ 
in attack duration and frequency, and have episodic and chronic forms.

Cluster headache: The most severe form of primary headache—
involves sudden, extremely painful headaches that occur in clusters, 
usually at the same time of the day and night for several weeks. They 
strike one side of the head, often behind or around one eye, and may be 
preceded by a migraine-like aura and nausea.

Paroxysmal hemicrania is a rare form of primary headache that 
usually begins in adulthood. Pain and related symptoms may be similar 
to those felt in cluster headaches, but with shorter duration. Attacks 
typically occur 5–40 times per day, with each attack lasting 2–45 min-
utes. Severe throbbing, claw-like, or piercing pain is felt on one side of 
the face-in, around, or behind the eye and occasionally reaching to the 
back of the neck.

Short-lasting, unilateral, neuralgiform headache attack with conjunc-
tival injection and tearing (SUNCT): A very rare type of headache with 
bursts of moderate to severe burning, piercing, or throbbing pain that is 
usually felt in the forehead, eye, or temple on one side of the head.
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Miscellaneous primary headaches that are not caused by other 
disorders include: Chronic daily headache, primary stabbing headache, 
primary exertional headache, and hypnic headache.

Secondary Headache Disorders

Secondary headache disorders are caused by an underlying illness 
or condition that affects the brain. Secondary headaches are usually 
diagnosed based on other symptoms that occur concurrently and the 
characteristics of the headaches. Some of the more serious causes of 
secondary headache include the following:

Brain tumor: A tumor that is growing in the brain can press 
against nerve tissue and pain-sensitive blood vessel walls, disrupting 
communication between the brain and the nerves or restricting the 
supply of blood to the brain.

Disorders of blood vessels in the brain, including stroke: Sev-
eral disorders associated with blood vessel formation and activity 
can cause headache. Most notable among these conditions is stroke. 
Headache itself can cause stroke or accompany a series of blood vessel 
disorders that can cause a stroke.

spilling blood into the surrounding tissue. A hemorrhagic stroke 
is usually associated with disturbed brain function and an ex-
tremely painful headache that develops suddenly and may wors-
en with physical activity, coughing, or straining.

with blood becomes blocked, suddenly decreasing or stopping 
blood flow and causing brain cells to die. Headache that accom-
panies ischemic stroke can be caused by several problems with 
the brain’s vascular system. Headache is prominent in individu-
als with clots in the brain’s veins. Head pain occurs on the side 
of the brain in which the clot blocks blood flow and is often felt 
in the eyes or on the side of the head.

Exposure to a substance or its withdrawal: Headaches may 
result from toxic states such as drinking alcohol, following carbon 
monoxide poisoning, or from exposure to toxic chemicals and met-
als, cleaning products or solvents, and pesticides. In the most severe 
cases, rising toxin levels can cause a pulsing, throbbing headache 
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that, if left untreated, can lead to systemic poisoning, organ failure, 
and permanent neurological damage. The withdrawal from certain 
medicines or caffeine after frequent or excessive use can also cause 
headaches.

Head injury: Headaches are often a symptom of a concussion or 
other head injury. The headache may develop either immediately 
or months after a blow to the head, with pain felt at the injury site or 
throughout the head. Emotional disturbances may worsen headache 
pain. In most cases, the cause of post-traumatic headache is unknown. 
Subdural hematoma may occur after head trauma but also occurs 
spontaneously in elderly persons or in individuals taking anticoagu-
lant medications.

Increased intracranial pressure: A growing tumor, infection, 
or hydrocephalus (an extensive build up of cerebrospinal fluid in the 
brain) can raise pressure in the brain and compress nerves and blood 
vessels, causing headaches. Headache attributed to idiopathic intracra-
nial hypertension, previously known as pseudotumor cerebri (meaning 
false brain tumor), is associated with severe headache.

Inflammation from meningitis, encephalitis, and other infec-
tions: Inflammation from infections can harm or destroy nerve cells 
and cause dull to severe headache pain, brain damage, or stroke, among 
other conditions. Inflammation of the brain and spinal cord (meningitis 
and encephalitis) requires urgent medical attention Headaches may 
also occur with a fever or a flu-like infection. A headache may accom-
pany a bacterial infection of the upper respiratory tract that spreads 
to and inflames the lining of the sinus cavities.

Seizures: Migraine-like headache pain may occur during or after a 
seizure. Moderate to severe headache pain may last for several hours 
and worsen with sudden movements of the head or when sneezing, 
coughing, or bending.

Spinal fluid leak: About one-fourth of people who undergo a lum-
bar puncture (which involves a small sampling of the spinal fluid being 
removed for testing) develop a headache due to a leak of cerebrospinal 
fluid following the procedure.

Structural abnormalities of the head, neck and spine: Headache 
pain and loss of function may be triggered by structural abnormalities 
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in the head or spine, restricted blood flow through the neck, irritation 
to nerves anywhere along the path from the spinal cord to the brain, 
or stressful or awkward positions of the head and neck.

Trigeminal neuralgia: The trigeminal nerve conducts sensations 
to the brain from the upper, middle, and lower portions of the face, as 
well as inside the mouth. The presumed cause of trigeminal neuralgia 
is a blood vessel pressing on the nerve as it exits the brain stem, but 
other causes have been described. Symptoms include headache and 
intense shock-like or stabbing pain that comes on suddenly and is typi-
cally felt on one side of the jaw or cheek. Muscle spasms may occur on 
the affected side of the face.

Section 4.3

Memory Loss (Amnesia)
“Memory Loss,” © 2009 A.D.A.M., Inc. Reprinted with permission.

Definition: Memory loss (amnesia) is unusual forgetfulness.

Considerations: The cause determines whether amnesia comes 
on slowly or suddenly, and whether it is temporary or permanent. 
Normal aging may lead to trouble learning new material or requiring 
a longer time to remember learned material. However, it does not lead 
to dramatic memory loss unless diseases are involved.

Causes
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illness)

B12)

Home Care

The family should provide support. Reality orientation is recom-
mended—supply familiar music, objects, or photos, to help the person 
stay oriented. Some people may need support to help them relearn.

Any medication schedules should be written down so the person 
does not have to rely on memory.

Extended care facilities, such as nursing homes, should be consid-
ered for people whose basic needs cannot be met in any other way, or 
whose safety or nutrition is in jeopardy.

When to Contact a Medical Professional

Call your health care provider if you have any unexplained memory 
loss.

What to Expect at Your Office Visit

The doctor will perform a thorough examination and take a medi-
cal history. This may require asking questions of family members and 
friends.
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Medical history questions may include:

Type

short-term memory?)

there impaired long-term memory?)

specific experience (anterograde amnesia)?

specific experience (retrograde amnesia)?

-
fabulation)?

Time Pattern

-
sodes of amnesia?

Aggravating or Triggering Factors

-
matic?

-
thesia?

Other Symptoms
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activities?

The physical examination will include a detailed test of thinking 
and memory (mental status test), and an exams of the nervous system. 
Recent, intermediate, and long-term memory will be tested.

Diagnostic tests that may be performed include the following:

vitamin B12 or thyroid disease)

(MRI) of the head

Reference

Knopman DS. Regional cerebral dysfunction: higher mental functions.
In: Goldman L, Ausiello D, eds. Cecil Medicine. 23rd ed. Philadelphia, 
Pa: Saunders Elsevier; 2007: chap 424.
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Section 5.1

Brain Attack: Know the Signs, Act in Time
Excerpted from “Know Stroke. Know the Signs. Act in Time.” 

National Institute of Neurological Disorders and Stroke (NINDS), 
NIH Publication No. 08–4872, updated December 18, 2009.

Know Stroke

Stroke is the third leading cause of death in the United States and a 
leading cause of serious, long-term disability in adults. About 600,000 
new strokes are reported in the U.S. each year. The good news is that 
treatments are available that can greatly reduce the damage caused 
by a stroke. However, you need to recognize the symptoms of a stroke 
and get to a hospital quickly. Getting treatment within 60 minutes 
can prevent disability.

A stroke, sometimes called a brain attack, occurs when blood flow 
to the brain is interrupted. When a stroke occurs, brain cells in the 
immediate area begin to die because they stop getting the oxygen and 
nutrients they need to function.

Although stroke is a disease of the brain, it can affect the entire 
body. The effects of a stroke range from mild to severe and can include 
paralysis, problems with thinking, problems with speaking, and emo-
tional problems. Patients may also experience pain or numbness after 
a stroke.

Know the Signs

Because stroke injures the brain, you may not realize that you are 
having a stroke. To a bystander, someone having a stroke may just look 
unaware or confused. Stroke victims have the best chance if someone 
around them recognizes the symptoms and acts quickly.

The symptoms of stroke are distinct because they happen quickly:

-
ly on one side of the body)
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-
tion

If you believe someone is having a stroke—if he or she suddenly loses 
the ability to speak, or move an arm or leg on one side, or experiences 
facial paralysis on one side—call 911 immediately.

Act in Time

Stroke is a medical emergency. Every minute counts when someone 
is having a stroke. The longer blood flow is cut off to the brain, the 
greater the damage. Immediate treatment can save people’s lives and 
enhance their chances for successful recovery.

Ischemic strokes, the most common type of strokes, can be treated 
with a drug called t-PA, that dissolves blood clots obstructing blood 
flow to the brain. The window of opportunity to start treating stroke 
patients is three hours, but to be evaluated and receive treatment, 
patients need to get to the hospital within 60 minutes.

A five-year study by the National Institute of Neurological Disorders 
and Stroke (NINDS) found that some stroke patients who received t-PA 
within three hours of the start of stroke symptoms were at least 30% 
more likely to recover with little or no disability after three months.

The best treatment for stroke is prevention. There are several risk 
factors that increase your chances of having a stroke including high 
blood pressure, heart disease, smoking, diabetes, and high cholesterol. 
If you smoke—quit. If you have high blood pressure, heart disease, 
diabetes, or high cholesterol, getting them under control—and keep-
ing them under control—will greatly reduce your chances of having 
a stroke.
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Section 5.2

Brain Herniation
“Brain Herniation,” 

© 2009 A.D.A.M., Inc. Reprinted with permission.

Alternative names: Herniation syndrome; transtentorial her-
niation; uncal herniation; subfalcine herniation; tonsillar herniation, 
herniation–brain

Definition: A brain herniation is when brain tissue, cerebrospinal 
fluid, and blood vessels are moved or pressed away from their usual 
position in the head.

Causes

A brain herniation occurs when something inside the skull pro-
duces pressure that moves brain tissues. This is most often the result 
of brain swelling from a head injury. Brain herniations are the most 
common side effect of tumors in the brain, including metastatic brain 
tumor and primary brain tumor. A brain herniation can also be caused 
by abscess, hemorrhage, hydrocephalus, or strokes that cause brain 
swelling. A brain herniation can occur between areas inside the skull, 
such as those separated by a rigid membrane called the tentorium; 
through a natural opening at the base of the skull called the foramen 
magnum; or through openings created during brain surgery.

Symptoms

to light)
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Exams and Tests

A neurological exam shows changes in alertness (consciousness). 
Depending on the severity of the herniation, there will be problems 
with one or more brain-related reflexes and cranial nerve functions. 
Patients with a brain herniation have irregular heart rhythms and 
difficulty breathing consistently.

Treatment

Brain herniation is a medical emergency. The goal of treatment is 
to save the patient’s life. To help reverse or prevent a brain herniation, 
the medical team will treat increased swelling and pressure in the 
brain. Treatment may involve the following:

brain tumor

other diuretics, which reduce pressure inside the skull

-
creasing the breathing rate to reduce the levels of carbon dioxide 
(CO2) in the blood

Outlook (Prognosis)

The outlook varies and depends on where in the brain the hernia-
tion occurred. Death is possible. A brain herniation itself often causes 
massive stroke. There can be damage to parts of the brain that con-
trol breathing and blood flow. This can rapidly lead to death or brain 
death. Possible complications include brain death or permanent and 
significant neurologic problems.

When to contact a medical professional: Call your local emergency 
number (such as 911) or take the patient to a hospital emergency room 
if decreased alertness or other symptoms suddenly develop, especially if 
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there has been a head injury or if the person has a brain tumor or blood-
vessel malformation.

Prevention: Prompt treatment of increased intracranial pressure 
and related disorders may reduce the risk of brain herniation.

Reference

Nkwuo N, Schamban N, Borenstein M. Selected Oncologic Emergencies. 
In: Marx, JA, ed. Rosen’s Emergency Medicine: Concepts and Clinical 
Practice. 6th ed. Philadelphia, Pa: Mosby Elsevier; 2006: chap 121.

Section 5.3

Cerebral Hypoxia
“Cerebral Hypoxia,” 

© 2009 A.D.A.M., Inc. Reprinted with permission.

Alternative name: Hypoxic encephalopathy

Definition: Cerebral hypoxia technically means a lack of oxygen 
supply to the outer part of the brain, an area called the cerebral hemi-
sphere. However, the term is more typically used to refer to a lack of 
oxygen supply to the entire brain.

Causes

There are many causes of cerebral hypoxia. These include, but are 
not limited to the following:
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-
ing muscles

Brain cells are extremely sensitive to oxygen deprivation. Some brain 
cells actually start dying less than five minutes after their oxygen 
supply disappears. As a result, brain hypoxia can rapidly cause death 
or severe brain damage.

Symptoms

Symptoms of mild cerebral hypoxia include change in attention 
(inattentiveness), poor judgment, and uncoordinated movement.

Symptoms of severe cerebral hypoxia include complete un-
awareness and unresponsiveness (coma), no breathing, and no re-
sponse to light. If only blood pressure and heart function remain, then 
the brain may actually be completely dead.

Exams and Tests

Cerebral hypoxia can usually be diagnosed based on the person’s 
medical history and a physical exam. Tests are done to determine the 
cause of the hypoxia, and may include the following:

-
cal activity

identify seizures and show how well brain cells work
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-
tions such as vision and touch reach the brain

Treatment

Cerebral hypoxia is an emergency condition that requires immedi-
ate treatment. The sooner the oxygen supply is restored to the brain, 
the lower the risk of severe brain damage and death.

Treatment depends on the underlying cause of the hypoxia. Basic 
life support is most important. Treatment involves:

and

and general anesthetics to calm seizures.

Sometimes cooling the person with cold blankets is used, because 
cooling slows down the activity of the brain cells and decreases their 
need for oxygen. However, the benefit of such treatment has not been 
firmly established.

Outlook (Prognosis)

The outlook depends on the extent of the brain injury, which is 
determined by how long the brain lacked oxygen. If the brain lacked 
oxygen for only a very brief period of time, a coma may be reversible 
and the person may have some return of function. However, this de-
pends on the extent of injury. Some patients recover many functions, 
but have abnormal movements such as twitching or jerking. Seizures 
may sometimes occur, and may be continuous (status epilepticus).

Most people who make a full recovery were only briefly uncon-
scious. The longer the person is unconscious, the higher the risk for 
death or brain death, and the lower the chances for a meaningful 
recovery.

Possible Complications

Complications of cerebral hypoxia include prolonged vegetative 
state—basic life functions such as breathing, blood pressure, sleep-wake 
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cycle, and eye opening may be preserved, but the person is not alert 
and does not respond to their surroundings. Such patients usually die 
within a year, although some may survive longer.

Length of survival depends partly on how much care is taken to 
prevent other problems. Major complications may include bed sores, 
clots in the veins (deep vein thrombosis), improper nutrition, and lung 
infections (pneumonia).

When to contact a medical professional: Cerebral hypoxia is 
a medical emergency. Call 911 immediately if someone is losing con-
sciousness or has other symptoms of cerebral hypoxia.

Prevention: Prevention depends on the specific cause of hypoxia. 
Unfortunately, hypoxia is usually unexpected. This makes the condi-
tion somewhat difficult to prevent. Cardiopulmonary resuscitation 
(CPR) can be lifesaving, especially when it is started right away.

Section 5.4

Subarachnoid Hemorrhage
“Subarachnoid Hemorrhage,” 

© 2009 A.D.A.M., Inc. Reprinted with permission.

Definition: Subarachnoid hemorrhage (SAH) is bleeding in the 
area between the brain and the thin tissues that cover the brain. This 
area is called the subarachnoid space.

Causes

Subarachnoid hemorrhage can be caused by:
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Injury-related subarachnoid hemorrhage is often seen in the elderly 
who have fallen and hit their head. Among the young, the most common 
injury leading to subarachnoid hemorrhage is motor vehicle crashes.

Subarachnoid hemorrhage due to rupture of a cerebral aneurysm oc-
curs in approximately 10–15 out of 10,000 people. Subarachnoid hemor-
rhage due to rupture of a cerebral aneurysm is most common in persons 
age 20 to 60. It is slightly more common in women than men.

Risks include:

-
orders associated with aneurysm or weakened blood vessels,

A strong family history of aneurysms may also increase your risk.

Symptoms

The main symptom is a severe headache that starts suddenly and is 
often worse near the back of the head. Patients often describe it as the 
worst headache ever and unlike any other type of headache pain. The 
headache may start after a popping or snapping feeling in the head.

Other symptoms are:

-
ity;
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-
rary vision loss in one eye.

Additional symptoms that may be associated with this disease are:

(Opisthotonos; not very common); and

Exams and Tests

A physical exam may show a stiff neck due to irritation by blood 
of the meninges, the tissues that cover the brain. Except those in a 
deep coma, persons with a subarachnoid hemorrhage may resist neck 
movement.

A neurological exam may show signs of decreased nerve and brain 
function (focal neurologic deficit).

An eye exam will be performed. Decreased eye movements can be 
a sign of damage to the cranial nerves. In milder cases, no problems 
may be seen on an eye exam.

If your doctor thinks you may have a subarachnoid hemorrhage, a 
head computed tomography (CT) scan (without dye contrast) should be 
immediately done. In some cases, the scan may be normal, especially if 
there has only been a small bleed. If the CT scan is normal, a lumbar 
puncture (spinal tap) must be performed. Patients with SAH will have 
blood in their spinal fluid.

CT scan angiography (using contrast dye) may be done to look for 
evidence of an aneurism.

Cerebral angiography of blood vessels of the brain is better than 
CT angiography to show small aneurysms or other vascular problems. 
This test can pinpoint the exact location of the bleed and can tell if 
there are blood vessel spasms.

Transcranial Doppler ultrasound is used to look at blood flow in the 
arteries of the brain that run inside the skull. The ultrasound beam is 
directed through the skull. It can also detect blood vessel spasms and 
may be used to guide treatment.

Magnetic resonance imaging (MRI) and magnetic resonance an-
giography (MRA) are occasionally used to diagnose a subarachnoid 
hemorrhage or find other associated conditions.
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Treatment

The goals of treatment are to save your life, repair the cause of bleed-
ing, relieve symptoms, and prevent complications such as permanent 
brain damage (stroke).

If the hemorrhage is due to an injury, surgery is done only to remove 
large collections of blood or to relieve pressure on the brain. If the 
hemorrhage is due to the rupture of an aneurysm, surgery is needed 
to repair the aneurysm. If the patient is critically ill, surgery may 
have to wait until the person is more stable. Surgery may involve a 
craniotomy (cutting a hole in the skull) and aneurysm clipping, which 
closes the aneurysm, or endovascular coiling, a procedure in which coils 
are placed within the aneurysm to reduce the risk of further bleeding. 
If no aneurysm is found, the person should be closely watched by a 
health care team and may need repeated imaging tests.

Treatment for coma or decreased alertness status may be needed. 
This may include special positioning, life support, and methods to 
protect the airway. A draining tube may be placed into the brain to 
relieve pressure.

If the person is conscious, strict bed rest may be advised. The 
person will be told to avoid activities that can increase pressure 
inside the head. Such activities include bending over, straining, and 
suddenly changing position. The doctor may prescribe stool soft-
eners or laxatives to prevent straining during bowel movements. 
Blood pressure will be strictly controlled. This requires medicines 
given through an intervenous (IV) line. The medicine often requires 
frequent adjustments. A medicine called calcium channel blocker is 
used to prevent blood vessel spams. Pain killers and anti-anxiety 
medications may be used to relieve headache and reduce intracranial 
pressure. Phenytoin or other medications may be used to prevent or 
treat seizures.

Outlook (Prognosis)

How well a patient with subarachnoid hemorrhage does depends 
on a number of different factors, including the location and extent of 
the bleeding, as well as any complications. Older age and more severe 
symptoms from the beginning are associated with a poorer prognosis. 
Complete recovery can occur after treatment, but death may occur in 
some cases even with aggressive treatment.

Possible complications: Repeated bleeding is the most serious com-
plication. If a cerebral aneurysm bleeds for a second time, the outlook is 
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significantly worsened. Changes in consciousness and alertness due 
to a subarachnoid hemorrhage may become worse and lead to coma or 
death. Other complications include stroke, seizures, medication side 
effects, and complications of surgery.

When to contact a medical professional: Go to the emergency 
room or call the local emergency number (such as 911) if you have 
symptoms of a subarachnoid hemorrhage.

Prevention: Identification and successful treatment of an aneu-
rysm would prevent subarachnoid hemorrhage.

Reference

Zivin J. Hemorrhagic cerebrovascular disease. In: Goldman L, Ausiello 
D, eds. Cecil Medicine. 23rd ed. Philadelphia, Pa: Saunders Elsevier; 
2007:chap 432.

Section 5.5

First Aid for Seizures
Centers for Disease Control and Prevention (CDC), March 20, 2009.

First aid for seizures involves responding in ways that can keep 
the person safe until the seizure stops by itself. Here are a few things 
you can do to help someone who is having a generalized tonic-clonic 
(grand mal) seizure:

-
thing hard or sharp.

a folded jacket, under his head.

that may make breathing difficult.
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longer than five minutes without signs of slowing down or if a 
person has trouble breathing afterwards, appears to be injured, 
in pain, or recovery is unusual in some way, call 911.

seizure can swallow his tongue. Do not put anything in the per-
son’s mouth. Efforts to hold the tongue down can injure the teeth 
or jaw.

-
way clear.

that a person does not start breathing again after the seizure has 
stopped.

fully awake.

home if he seems confused or unable to get home without help.

Here are a few things you can do to help someone who is having a 
seizure that appears as blank staring, loss of awareness, and/or invol-
untary blinking, chewing, or other facial movements.

-
tect him until full awareness has returned.

Consider a seizure an emergency and call 911 if any of the follow-
ing occurs:

-
ing down or if a person has trouble breathing afterwards, appears 
to be in pain, or recovery is unusual in some way.
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stopped.

or is pregnant.

Section 5.6

Delirium (Acute Onset Cognitive Changes)
“Delirium,” © 2009 A.D.A.M., Inc. Reprinted with permission.

Alternative names: Acute confusional state, acute brain syn-
drome

Definition: Delirium is sudden severe confusion and rapid changes 
in brain function that occur with physical or mental illness.

Causes

Delirium is most often caused by physical or mental illness and 
is usually temporary and reversible. Many disorders cause delirium, 
including conditions that deprive the brain of oxygen or other sub-
stances. Causes include drug abuse; infections such as urinary tract 
infections or pneumonia (in people who already have brain damage 
from stroke or dementia); poisons; and, fluid/electrolyte or acid/base 
disturbances. Patients with more severe brain injuries are more likely 
to get delirium from another illness.

Symptoms

Delirium involves a quick change between mental states (for ex-
ample, from lethargy to agitation and back to lethargy).



60

Brain Disorders Sourcebook, Third Edition

Symptoms include the following:

alert at night)

moving)

unable to remember events since delirium began [anterograde am-
nesia], or unable to remember past events [retrograde amnesia])

or behave with purpose, or problems concentrating)

-
ent], or inability to stop speech patterns or behaviors)

-
sion, euphoria, irritability)

-
motor restlessness)

Exams and Tests

The following tests may have abnormal results:

motor function

The following tests may also be done:
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Treatment

The goal of treatment is to control or reverse the cause of the symp-
toms. Treatment depends on the condition causing delirium. Diagnosis 
and care should take place in a pleasant, comfortable, nonthreaten-
ing, physically safe environment. The person may need to stay in the 
hospital for a short time.

Stopping or changing medications that worsen confusion, or that 
are not necessary, may improve mental function. Medications that may 
worsen confusion include:
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Disorders that contribute to confusion should be treated. These 
may include:

Treating medical and mental disorders often greatly improves 
mental function. Medications may be needed to control aggressive or 
agitated behaviors. These are usually started at very low doses and 
adjusted as needed.

Medications include:

pine),

Some people with delirium may benefit from hearing aids, glasses, 
or cataract surgery. Other treatments that may be helpful are behavior 
modification to control unacceptable or dangerous behaviors, or reality 
orientation to reduce disorientation.

Outlook (Prognosis)

Acute conditions that cause delirium may occur with chronic disor-
ders that cause dementia. Acute brain syndromes may be reversible by 
treating the cause. Delirium often lasts only about one week, although 
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it may take several weeks for mental function to return to normal 
levels. Full recovery is common.

Possible complications include:

When to contact a medical professional: Call your health care 
provider if there is a rapid change in mental status.

Prevention: Treating the conditions that cause delirium can re-
duce its risk.
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Section 6.1

Coma
“What Is Coma?” October 2008, reprinted with permission from www.
kidshealth.org. Copyright © 2008 The Nemours Foundation. This infor-
mation was provided by KidsHealth, one of the largest resources online 
for medically reviewed health information written for parents, kids, and 
teens. For more articles like this one, visit www.KidsHealth.org or www.
TeensHealth.org.

What is a coma?

What do you think about when you hear the word coma (say: ko-
muh)? Does it make you think of someone in a deep sleep, or the way 
you feel after eating too much Thanksgiving turkey? Does the word 
remind you of a television (TV) soap opera, where it seems that at least 
one character is always in a coma?

A coma can be difficult to understand, especially because people 
sometimes jokingly use the words coma and comatose (say: ko-muh-
tose, which means in a coma or coma-like state) to describe people who 
aren’t paying attention or who are drowsy or sleeping. But a coma is 
a serious condition that has nothing to do with sleep.

What happens when someone is in a coma?

Someone who is in a coma is unconscious and will not respond to 
voices, other sounds, or any sort of activity going on nearby. The person 
is still alive, but the brain is functioning at its lowest stage of alertness. 
You can’t shake and wake up someone who is in a coma like you can 
someone who has just fallen asleep.

What can cause a coma?

Comas can be caused by different things, including:
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When one of these things happens, it can mess up how the brain’s cells 
work. This can hurt the parts of the brain that make someone conscious, 
and if those parts stop working, the person will stay unconscious.

How do people take care of someone in a coma?

Someone in a coma usually needs to be cared for in the intensive 
care unit (ICU) of the hospital. There, the person can get extra care and 
attention from doctors, nurses, and other hospital staff. They make sure 
the person gets fluids, nutrients, and any medicines needed to keep 
the body as healthy as possible. These are sometimes given through 
a tiny plastic tube inserted in a vein or through a feeding tube that 
brings fluids and nutrients directly to the stomach.

Some comatose people are unable to breathe on their own and need 
the help of a ventilator (say: ven-tih-lay-ter), a machine that pumps air 
into the lungs through a tube placed in the windpipe. The hospital staff 
also tries to prevent bedsores in someone who is comatose. Bedsores 
are open sores on the body that come from lying in one place for too 
long without moving at all.

It can be very upsetting and frustrating for a person’s family to see 
someone they love in a coma, and they may feel scared and helpless. 
But they can help take care of the person. Taking time to visit the 
hospital and read to, talk to, and even play music for the patient are 
important because it’s possible that the person may be able to hear 
what’s going on, even if he or she can’t respond.

What happens after a coma?

Usually, a coma does not last more than a few weeks. Sometimes, 
however, a person stays in a coma for a long time—even years—and 
will be able to do very little except breathe on his or her own.

Most people do come out of comas, however. Some of them are able 
to return to the normal lives they had before they got sick. On TV, 
someone in a coma usually wakes up right away, looks around, and is 
able to think and talk normally. But in real life, this rarely happens. 
When coming out of a coma, a person will often be confused and can 
only slowly respond to what’s going on. It will take time for the person 
to start feeling better.
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Whether someone fully returns to normal after being in a coma 
depends on what caused the coma and how badly the brain may have 
been hurt. Sometimes people who come out of comas are just as they 
were before—they can remember what happened to them before the 
coma and can do everything they used to do. Other people may need 
therapy to relearn basic things like tying their shoes, eating with a 
fork or spoon, or learning to walk all over again. They may also have 
problems with speaking or remembering things.

Over time and with the help of therapists, however, many people 
who have been in a coma can make a lot of progress. They may not be 
exactly like they were before the coma, but they can do a lot of things 
and enjoy life with their family and friends.

Section 6.2

Facts about the Vegetative 
and Minimally Conscious States

Sherer M, Vaccaro M, Whyte J, Giacino JT, and the Consciousness Con-
sortium. Facts about the Vegetative and Minimally Conscious States after 
Severe Brain Injury 2007. Houston: The Consciousness Consortium. Re-
printed with permission.

Severe brain injury causes a change in consciousness. Conscious-
ness refers to awareness of the self and the environment. Brain injury 
can cause a wide range of disturbances of consciousness. Some injuries 
are mild and may cause relatively minor changes in consciousness such 
as brief confusion or disorientation.

The most severe injuries cause profound disturbance of conscious-
ness. Twenty to 40% of persons with injuries this severe do not survive. 
Some persons who survive have a period of time of complete uncon-
sciousness with no awareness of themselves or the world around them. 
The diagnosis given these people depends on whether their eyes are 
always closed or whether they have periods when their eyes are open.
The state of complete unconsciousness with no eye opening is called 
coma. The state of complete unconsciousness with some eye opening 
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and periods of wakefulness and sleep is called the vegetative state. As 
people recover from severe brain injury, they usually pass through vari-
ous phases of recovery. Recovery can stop at any one of these phases.

Characteristics of Coma

1. No eye-opening.

2. Unable to follow instructions.

3. No speech or other forms of communication.

4. No purposeful movement.

Characteristics of the Vegetative State

1. Return of a sleep-wake cycle with periods of eye opening and 
eye closing.

2. May moan or make other sounds especially when tight muscles 
are stretched.

3. May cry or smile or make other facial expressions without ap-
parent cause.

4. May briefly move eyes toward persons or objects.

5. May react to a loud sound with a startle.

6. Unable to follow instructions.

7. No speech or other forms of communication.

8. No purposeful movement.

Persons in coma or vegetative state require extensive care that 
may include:

1. Feeding using a feeding tube.

2. Turning in bed to prevent pressure sores.

3. Special bedding to help prevent pressure sores.

4. Assistance with bowel and bladder relief using catheter and/or 
diapers.

5. Management of breathing such as suctioning of secretions; this 
may include care for a tracheostomy tube.

6. Management of muscle tone (excessive tightness of muscles).
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7. Special equipment that may include a wheelchair or special 
bedding to help with proper posture and decrease muscle tight-
ness.

8. Management of infections such as pneumonia or urinary tract 
infections.

9. Management of other medical issues such as fever, seizures, 
and so forth.

What happens after coma and vegetative state?

When people start to regain consciousness, they may:

“Squeeze my hand,” “Say your name,” and so forth;

head nods or gestures; and/or

a brush, using a straw to drink, or holding a phone to the ear.

Persons with brain injury transition through the period of uncon-
sciousness and subsequent stages of recovery at a slower or faster 
rate, largely depending on the severity of injury. Those with less severe 
injuries may transition through these stages more rapidly and some of 
the stages described here may be poorly recognized or not occur at all. 
Those with very severe injuries may stall at one or another stage and 
not be able to make the transition to a higher level of recovery.

For persons with more prolonged periods of unconsciousness, emer-
gence from unconsciousness is a gradual process. Coma rarely lasts 
more than four weeks. Some patients move from coma to the vegetative 
state but others may move from coma to a period of partial conscious-
ness. It would be very rare for a person to move directly from coma, or 
vegetative state, to a state of full consciousness.

Persons who have shorter periods of unconsciousness likely had 
less severe brain injuries initially. Consequently, they are likely to go 
on to make better recoveries than persons who had longer periods of 
unconsciousness.

Traumatic brain injury refers to damage to the brain caused by ex-
ternal force such as a car crash or a fall. About 50% of persons who are 
in a vegetative state one month after traumatic brain injury eventually 
recover consciousness. They are likely to have a slow course of recovery 
and usually have some ongoing cognitive and physical impairments and 
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disabilities. People in a vegetative state due to stroke, loss of oxygen 
to the brain (anoxia), or some types of severe medical illness, may not 
recover as well as those with traumatic brain injury. Those few persons 
who remain in a prolonged vegetative state may survive for an extended 
period of time but they often experience medical complications such 
as pneumonia, respiratory failure, infections, and so forth which may 
reduce life expectancy.

People who have a slow recovery of consciousness continue to have 
a reduced level of self-awareness or awareness of the world around 
them. They have inconsistent and limited ability to respond and com-
municate. This condition of limited awareness is called the minimally 
conscious state.

Characteristics of the Minimally Conscious State

1. Sometimes follows simple instructions.

2. May communicate yes or no by talking or gesturing.

3. May speak some understandable words or phrases.

4. May respond to people, things, or other events by: crying, smil-
ing, or laughing; making sounds or gesturing; reaching for objects; 
trying to hold or use an object; or, keeping the eyes focused on 
people or things for a sustained period of time whether they are 
moving or staying still.

People in a minimally conscious state do these things inconsistently. 
For example, one time the person might be able to follow a simple 
instruction and another time they might not be able to follow any 
instructions at all. This makes it difficult to distinguish the vegeta-
tive state from the minimally conscious state. While in a minimally 
conscious state, people need extensive care similar to that needed by 
people in a vegetative state.

Emergence from the Minimally Conscious State

Once a person can communicate, follow instructions, or use an object 
such as a comb or pencil consistently, they are no longer in a minimally 
conscious state. Some people remain minimally conscious indefinitely, 
but many improve. The longer a person remains in a minimally con-
scious state, the more permanent impairments he or she is likely to 
have. This is because vegetative and minimally conscious states are 
caused by severe damage to multiple brain areas. Following emergence 
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from the minimally conscious state, people almost always experience 
confusion. Sometimes people move directly from coma to this confu-
sional state.

Table 6.1. Comparison of Coma, Vegetative State, and Minimally 
Conscious State

Coma
Vegetative 

State
Minimally 

Conscious State

Eye opening No Yes Yes 

Sleep/wake cycles No Yes Yes 

Visual tracking No No Often

Object recognition No No Inconsistent

Command following No No Inconsistent

Communication No No Inconsistent

Contingent emotion No No Inconsistent

Characteristics of the Confusional State

1. Disorientation (inability to keep track of the correct date and 
place).

2. Severe impairment in attention, memory and other mental 
abilities.

3. Fluctuation in level of responsiveness.

4. Restlessness.

5. Nighttime sleep disturbance.

6. Excessive drowsiness and sleeping during the day.

7. Delusions or hallucinations.

As with the vegetative and minimally conscious states, the rate 
and extent of recovery from the confused state vary from person to 
person. However, almost all people who reach the confused state go on 
to make further progress. The main factors that determine the even-
tual degree of recovery are the initial severity of the brain injury and 
some types of additional medical problems. The shorter the time the 
person is in the confused state, the better the eventual recovery will 
be. Mild medical complications such as sleep disturbance or urinary 
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tract infection may prolong the confused state but do not necessarily 
influence the final outcome.

Once the confusional state resolves, people are usually much better 
able to pay attention, orient themselves to place and time, and retain 
memories for day to day experiences. Nevertheless, they are very likely 
to have some significant cognitive problems such as impaired memory 
or slowed thinking. These cognitive problems are likely to continue 
to improve as time passes. Some people make limited progress, while 
others make a good deal of progress.

Patterns of Recovery after Very Severe Brain Injury

Some individuals rapidly emerge from coma and briefly remain in 
the minimally conscious state before recovering a higher level of con-
sciousness with mild impairments. Others may have a longer period 
in the minimally conscious state after emerging from the vegetative 
state and then usually have a greater degree of long-term impairment. 
Occasionally, persons remain in the vegetative or minimally conscious 
state for an extended period of time and, in rare cases, these conditions 
may be permanent.

What treatments are used with people in the vegetative or 
minimally conscious state?

Currently, there is no treatment that has been proven to speed up 
or improve recovery from the vegetative or minimally conscious state. 
However, there is general agreement that the primary focus of medical 
care is to prevent or treat any factors that might hinder recovery (such 
as hydrocephalus, a build up of fluid on the brain, or use of sedating 
drugs for other conditions), and to preserve bodily health (such as treat-
ing infections or stiffness of joints). Medical facilities and clinicians vary 
in the extent to which they try various treatments such as medications 
or sensory stimulation to promote recovery of consciousness. Because 
the amount of recovery from disorders of consciousness varies so greatly, 
it is difficult to judge the value of these and other treatments outside 
of research studies. You can inquire about your physician or program’s 
philosophy about using these types of treatments.

Transitions to Different Levels of Care

At various points in the process of recovery, persons in the mini-
mally conscious or vegetative state may receive care in a wide range 
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of settings. Initially, the person with severely impaired consciousness 
is most likely to be treated in an acute care hospital where the focus 
is primarily on saving his or her life and stabilizing him or her medi-
cally. Once that is achieved, the next focus is on recovery of function 
to whatever level is possible. Sometimes this happens in an acute 
rehabilitation hospital, which provides a high intensity program of re-
habilitation services, including physical therapy, occupational therapy, 
speech and language therapy, recreational therapy, neuropsychological 
services, and medical services.

Some patients do not transition from the acute care hospital to an 
acute rehabilitation program. These people may go directly to a skilled 
nursing facility, a sub-acute rehabilitation program, a nursing home, or 
even home with family. Persons discharged from an acute rehabilita-
tion program usually go to one of these places as well. Skilled nursing 
facilities, sub-acute rehabilitation programs, and nursing homes vary 
widely in the quantity and quality of medical management, nursing 
care, and rehabilitation therapy services they provide.

Many factors influence decisions about where a person with severe 
impairment of consciousness or other severe impairments may go after 
discharge from the acute care hospital or discharge from the acute 
rehabilitation program. Some of these factors are the person’s medical 
condition, health insurance coverage and other benefits, the person’s 
ability to tolerate rehabilitation therapies, the doctor’s philosophy 
about where people should go to continue to recover after severe in-
juries, the family’s ability to care for the person at home, the family’s 
wishes, and practical matters such as that the distance the family has 
to travel to visit the person at the facility.

The names used to describe levels of care and the settings in which 
they are provided, vary across the country. It is helpful to work with a 
social worker or case manager in the facility where your loved one is 
currently receiving services to plan whatever transitions are necessary. 
Do not be afraid to ask questions to make sure that you obtain the 
information you need to help you make the best possible decision.

Things to Look for when Considering a Setting to Care 
for Your Loved One

At various points in the process of recovery, persons in the mini-
mally conscious or vegetative state may receive care in a wide range 
of settings. These include in-patient rehabilitation facilities, skilled 
nursing facilities, and long-term acute care facilities. The following 
are some considerations for selecting a place for care:
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1. Your family member’s current treatment team has had good 
experiences with the program when they have referred others 
there.

2. The staff at the facility makes you feel comfortable, is acces-
sible to talk with about your concerns, and answers your ques-
tions.

3. The program and medical staff have experience working with 
the same kinds of problems that your family member has.

4. The facility is informed about the specifics of the care your 
loved one needs and is able to meet these care needs. You can 
have a role in ensuring that a detailed nursing plan of care is 
developed.

5. The program includes case management to assist in planning 
for the next level of service, whether it is transition to a reha-
bilitation program, a facility for long-term care, or home.

6. The program provides education and training for future care-
givers.

7. The program uses specific procedures to measure progress.

If support services can be arranged, some persons in the minimally 
conscious or vegetative state can be cared for at home.

Thoughts from Families Who Have Been There

Family members who have a loved one in a minimally conscious or 
vegetative state have identified a number of important issues:

1. Communicating with healthcare providers: Be sure to 
ask questions, share your observations, and express your opin-
ions.

2. Managing medical equipment and supplies: It is impor-
tant to be knowledgeable about your loved one’s equipment and 
supplies, and know how to communicate with the companies 
who provide these items.

3. Providing care: Family members often provide some of the 
care for their loved ones. The amount of care you provide will 
depend on your role in providing care (this can range from pro-
viding most of the care yourself to simply directing the care 
provided by others); the people such as sitters, attendants, 
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nurses, and family members who are available to help you 
with providing care; the setting (this could be your home or 
a skilled nursing facility); and the guidance you receive from 
health care providers. It is desirable to obtain as much train-
ing as possible to provide whatever elements of care you chose 
to provide and are able to manage. These might include bath-
ing, grooming, bowel and bladder management, mobility, range 
of motion, and other medical issues that your loved one may 
have.

4. Learning about financial resources: You may initially 
feel overwhelmed when you start to learn about various 
financial resources that may be appropriate for your loved 
one. However, with patience, persistence, and some help 
from others, you will be able to figure out which programs 
apply and find your way through the application processes. 
Programs you will want to learn about include: healthcare 
programs such as Medicare and Medicaid; income replace-
ment or financial assistance programs such as SSDI (Social 
Security Disability Insurance), SSI (Supplemental Secu-
rity Income), or possibly disability insurance policies that 
you loved one may have had through work; and services to 
help with community living such as state agencies that as-
sist people in these areas. It might not be possible to find 
someone who knows everything about how to access these 
various services and programs. The key is to keep asking 
questions and following up to make sure that you and your 
loved one get all the benefits that are available. People who 
may be helpful to you are social workers, therapists, case 
managers, the local social security office, your state brain 
injury association chapter, family members or friends who 
are disabled or who have family who are disabled, or the hu-
man resources (personnel) department at your loved one’s 
employer.

5. Guardianship: Since your loved one is not able to fully 
make decisions for himself or herself, it may be helpful for 
you, or someone else, to be appointed guardian. This may 
make it easier to handle medical decision making or manage-
ment of your loved one’s financial matters. If you think that 
your loved one may need to have a guardian appointed, you 
will need to contact an attorney to get assistance. Guardian-
ship can be reversed when it is no longer needed.
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How to Interact with Your Loved One Who Is Uncon-
sciousness or at a Low Level of Responsiveness

The most natural way of interacting is to talk to your loved one, 
even though he or she may not respond or understand. Simple things 
like telling him or her about recent events in your life, what is going 
on in your family or neighborhood, or the latest news might make you 
feel a sense of connection. Talking with your loved one about what 
you are doing as you provide care can increase your comfort with the 
process of care giving. For example, telling your loved one that you are 
going to move his or her arms and legs to help prevent joint tightness 
might make you feel more comfortable with this task. Only do this 
range-of-motion type activity if you have been instructed to do so by 
the doctor, nurse, or therapist.

Physical touch is another way of having a sense of connection. Some 
family members have said that the act of giving a massage or applying 
lotion to the hands or face helps them to feel close to their loved one. 
It is also important to avoid the risk of overstimulation as this may 
result in rapid breathing, tightening of the muscles, grinding of the 
teeth, restlessness, and fatigue.

Taking Care of Yourself and Other Family Members

Family members of a person in a vegetative or minimally conscious 
state often feel a sense of loss or grief for the relationship they had 
prior to the injury. There can be a number of ways to cope with these 
feelings. A person in a minimally conscious or vegetative state may 
make very slow progress or go for periods of time with no apparent 
progress. Sometimes keeping a journal of the changes you have ob-
served may be comforting. This may give you a chance to look back 
and see ways in which he or she is more able to respond than he or 
she was at an earlier point in time. 

Having a loved one who is in a vegetative or minimally conscious 
state can be physically and emotionally draining. Managing this alone 
can be too much to ask of one person. It is important to rely on support 
from others, looking to existing supports and developing new ones. You 
might find help from supports you have relied on in the past, such as 
family, friends, and religious groups.

Other resources to consider include support groups, support agen-
cies, and the Internet. A good way to learn more about these possible 
supports is to make a contact with the Brain Injury Association of 
America’s National Brain Injury Information Center (www.biausa.org, 
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800-444-6443) and obtain contact information for the closest state 
brain injury association (BIAA) chapter. Health care providers such 
as doctors, therapists, social workers, and others can be good sources 
of information about supports available to you.

Even the most committed caregiver needs to have some private 
time. If your loved one is at home, this can range from having a friend 
or family member give you a two-hour break to go do something for 
yourself, to having full-time caregivers for a week, or having your loved 
one spend a brief time in a nursing care facility or hospital. If your 
loved one is still in the hospital or living in a nursing care facility, hav-
ing a rotating visitation schedule can give you some breaks while giv-
ing other friends and family a chance to spend time with him or her.

When your loved one was first injured you were likely to be in crisis 
mode, focusing on the problems, and putting the rest of life on hold. As 
time goes by, you will need to shift from crisis management mode, and 
begin to take care of the concerns of everyday life such as paying bills, 
maintaining relationships with other family members, and taking care 
of your own physical and mental health. While it is natural to focus on 
your injured loved one, other members of your family will have needs 
too. For some people, formal counseling with a therapist or member 
of the clergy can be an important part of making adjustments to life 
changes that have occurred as a result of your loved one’s injury.

While caring for a person in a vegetative or minimally conscious 
state is an enormous challenge, use of appropriate resources, as de-
scribed, can be a big help. Each person will respond differently to this 
challenge, but almost everyone can cope and move forward. Many 
family members have a deep sense of personal satisfaction in making 
life as comfortable and pleasant as possible for a loved one who has 
sustained a severe injury.
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For thousands of years, the term death meant the permanent stop-
ping of the heart and breathing. However, when Bjorn Ibsen from 
Denmark invented the artificial respirator in the 1950s, breathing 
and heartbeat could be continued when people were in a deep coma. 
This invention and the rise of better medicine and medical care forced 
doctors to rethink the old definition of death. In 1959, French doctors 
Mollaret and Goulon first described what is now called brain death. 
In 1968, the rules for deciding brain death were first put in place 
with guidelines called the Harvard criteria. These were developed 
by anesthesiologist and early bioethicist Henry K. Beecher. Follow-
ing Christian Barnard’s first transplant of a human heart in 1967, 
Beecher wrote that organ donation from those who were “hopelessly 
unconscious” would be beneficial.

How do physicians declare a patient brain dead?

In a study reported in the January 2008 issue of Neurology®, Greer 
and co-authors studied this question by looking at the top 50 U.S. 
neurology and neurosurgery programs. They compared the official 
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“Are We Equal in Death? Avoiding diagnostic error in brain death: 10 Ways to 
Improve Communication with Your Doctor,” Steven Laureys, MD, PhD, and Joseph 
J. Fins, MD, FACP, Neurology, Jan. 2008, 70(4), e14–e15. © 2008 Lippincott Wil-
liams and Wilkins, Inc. Reprinted with permission.
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medical guidelines from these top hospitals against guidelines used 
by the American Academy of Neurology (AAN) published in 1995 (see 
Table 7.1).

Table 7.1. “Gold standard” guidelines for the diagnosis of brain 
death as published by the American Academy of Neurology (1995)

  trolyte, and endocrine disturbances

  considered arbitrary

  of the clinical testing cannot be reliably evaluated

What did the authors find?

The good news is that doctors in most of these programs closely 
followed the AAN guidelines in the examination of brain death. All hos-
pitals correctly defined brain death as irreversible coma with absent 
brainstem reflexes (such as reactions of the pupils to light and other 
automatic reflexes). However, many centers’ policies did not follow AAN 
guidelines on rules for testing. Programs were not the same in the 
attention they paid to low body temperature (hypothermia), sedative 
or paralytic medicines, or the presence of severe metabolic disorders 
that might confuse the diagnosis of brain death.

Although careful and standardized testing of the absence of breath-
ing—called apnea testing—is needed for the diagnosis of brain death, 
the centers were a bit different in how they did apnea testing. Pro-
grams were also different in the number of required examinations and 
the required time between them, the use of extra tests, and in deciding 
who makes the diagnosis. The best person to make the diagnosis should 
be a trained and experienced neurologist, but the medical staffing at 
many U.S. hospitals might make this difficult.
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Why is this study important?

This study is important because it provides facts about current 
practices that can help improve the 13-year-old guidelines from the 
AAN; in addition, the authors mention areas where there are too many 
differences between current practices and the AAN guidelines. We need 
to make practices more similar so that doctors can keep the trust of pa-
tients and their families. Also, a definite assessment of death is needed 
for organ donation so that organs are taken at the right time.

All of these things together are needed for the successful contin-
uation—and growth—of organ donor programs. Finally, studies like 
this one also give families better information about potential outcomes 
from coma. By better understanding the future—both good and bad—of 
patients in coma, families can make informed choices about continu-
ing or stopping life-sustaining therapy. By improving the diagnosis of 
brain death, doctors can provide strong proof in cases when further 
treatment would not be helpful or ethical.

Where do we go from here?

Doctors should make every effort to make the correct diagnosis for 
patients in coma. A patient who is brain dead or who will always be in 
a vegetative state should be correctly diagnosed. Also, doctors should 
not make a mistake when saying that a patient will always be in a 
vegetative state. A patient who is vegetative is in a state of wakeful 
unresponsiveness in which the eyes are open but there is no aware-
ness of self or others. Such patients have reflex movements, including 
random eye movements, but are unconscious (Laureys S. Eyes open, 
brain shut: the vegetative state. Scientific American 2007;4:32–37).

Here, doctors need to make all efforts to make sure there is no con-
sciousness left and also exclude the diagnosis of a minimally conscious 
state (MCS). MCS patients show limited and changing signs of aware-
ness as evidenced by occasional but inconsistent purposeful movements 
such as following a command or speaking. These responses are not 
simple reflexes. However, MCS patients cannot reliably communicate 
(spoken or non-spoken) their thoughts and feelings. We also need to 
improve our understanding of how the different types of injury (from 
trauma, or from lack of oxygen to the brain) influence how the brain 
moves from coma through the vegetative state and onto MCS.

Another diagnosis that should not be missed is that of the locked-
in syndrome (LIS). Here patients awaken from their coma, fully con-
scious, but are unable to move or speak; they can communicate only 
by blinking or moving their eyes. Jean Dominique Bauby (whose story 
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The Diving Bell and the Butterfly has been in U.S. theaters) probably 
was the world’s best-known locked-in patient. His book and movie are 
about the importance of doctors not missing this diagnosis and how a 
meaningful life can be missed through misdiagnosis.

All physicians have an ethical obligation to make correct diagnoses 
in brain death. We thank Greer and co-authors for pointing the way 
toward the improvement of these clinical assessments through care-
ful study.



Part Two

Diagnosing and Treating 
Brain Disorders 
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Section 8.1

Mental Status Tests
“Mental Status Tests,” © 2009 A.D.A.M., Inc. 

Reprinted with permission.

Definition: Mental status tests are used to determine whether 
a disease or condition is affecting a person’s thinking abilities, and 
whether a person’s mental condition is improving or getting worse.

How the Test Is Performed

The following tests may be performed:

Appearance: The health care provider will check the person’s 
physical appearance, including: age, dress, general level of comfort, 
gender, grooming, and height and weight.

Orientation: The health care provider will ask questions that may 
include: the person’s name, age, and job; the place where the person 
lives, type of building, city, and state; and the time, date, and season.

Attention span: The provider will test the person’s ability to fin-
ish a thought, either through conversation, or by asking the person to 
follow a series of directions.

Recent memory: The provider will ask questions related to recent 
people, places, and events in the person’s life or in the world.

Remote memory: The provider will ask about the person’s child-
hood, school, or historical events that occurred earlier in life.

Word comprehension: The provider will point to everyday items 
in the room and ask the person to name them.

Judgment: To test the person’s judgment and ability to solve a 
problem or situation, the provider might ask questions such as:
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do?”

lights flashing, what would you do?”

How to Prepare for the Test

No preparation is necessary for these tests. All responses should be 
natural, spontaneous, and honest. Preparation, especially by a highly 
intelligent person, could change the results of the test by making it 
seem that mental function has not declined when it actually has.

How the test will feel: There is no physical discomfort.

Normal Results

What Abnormal Results Mean

Each test can identify different possible problems.

Orientation: Typically, orientation to time is first to be lost, fol-
lowed by orientation to place, then to person. There are many possible 
causes for disorientation:

system depressants in large doses, cycloserine, indomethacin, lido-
caine, oral digitalis medicines, or withdrawal from narcotics and 
barbiturates

-
ing, hypothermia, or methanol poisoning
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-
min B12, or vitamin C

Attention span: People who are unable to complete a thought, or 
are easily distracted, may have an abnormal attention span. This may 
have a number of causes, including attention deficit disorder (ADD), 
confusion, histrionic personality disorder, manic depressive illness, 
and schizophrenia.

Recent and remote memory: A medical disorder may cause loss 
of recent memory but keep remote memory intact. Remote memory 
is lost when damage to the upper part of the brain occurs in diseases 
such as Alzheimer disease.

Word comprehension, reading, and writing: These tests screen 
for language disorder (aphasia). Some causes of aphasia include head 
trauma, senile dementia (Alzheimer type), stroke, and transient ische-
mic attack.

Judgment: The ability to decide the right course of action is impor-
tant to survival in many situations. The following are some causes of 
impaired judgment: emotional dysfunction, mental retardation, organic 
brain syndrome, and schizophrenia.

Risks

There are no risks with these tests.

Considerations

Some tests that screen for language problems using reading or writ-
ing do not account for people who may never have been able to read or 
write. If you know that the person being tested has never been able to 
read or write, tell the health care provider in advance.

If your child is having any of these tests performed, it is important 
to help him or her understand the reasons for the tests.
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Section 8.2

Common Screening and Diagnostic 
Tests for Neurological Disorders

National Institute of Neurological Disorders and Stroke (NINDS), 
updated December 18, 2009.

Diagnostic tests and procedures are vital tools that help physi-
cians confirm or rule out the presence of a neurological disorder or 
other medical condition. Researchers and physicians use a variety of 
diagnostic imaging techniques and chemical and metabolic analyses 
to detect, manage, and treat neurological disease. Some procedures are 
performed in specialized settings, conducted to determine the presence 
of a particular disorder or abnormality. Many tests that were previ-
ously conducted in a hospital are now performed in a physician’s office 
or at an outpatient testing facility, with little if any risk to the patient. 
Depending on the type of procedure, results are either immediate or 
may take several hours to process.

What are some of the more common screening tests?

Laboratory screening tests of blood, urine, or other substances are 
used to help diagnose disease, better understand the disease process, 
and monitor levels of therapeutic drugs. Certain tests, ordered by 
the physician as part of a regular check-up, provide general informa-

cord infection, bone marrow disease, hemorrhage, blood vessel damage, 

that signal the presence of an autoimmune disease. Blood tests are 
also used to monitor levels of therapeutic drugs used to treat epilepsy 

that surrounds the brain and spinal cord can detect meningitis, acute 
and chronic inflammation, rare infections, and some cases of multiple 
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sclerosis. Chemical and metabolic testing of the blood can indicate 
protein disorders, some forms of muscular dystrophy and other muscle 
disorders, and diabetes. Urinalysis can reveal abnormal substances 
in the urine or the presence or absence of certain proteins that cause 
diseases including the mucopolysaccharidoses.

Genetic testing or counseling can help parents who have a family 
history of a neurological disease determine if they are carrying one 
of the known genes that cause the disorder or find out if their child 
is affected. Genetic testing can identify many neurological disorders. 
Genetic tests include amniocentesis, chorionic villus sampling (CVS), 
and uterine ultrasound.

What is a neurological examination?

functioning of one or more cranial nerves, hearing and speech, vision, 
coordination and balance, mental status, and changes in mood or behav-

hammer, ophthalmoscope, and needles are used to help diagnose brain 
tumors, infections such as encephalitis and meningitis, and diseases 

-
rosis (ALS), and epilepsy. Some tests require the services of a specialist 
to perform and analyze results. X-rays of the patient’s chest and skull 

be used to evaluate the flow of blood through arteries.

What are some diagnostic tests used to diagnose neurologi-
cal disorders?

-

screening or testing, physicians may order one or more of the follow-
ing diagnostic tests to determine the specific nature of a suspected 
neurological disorder or injury. These diagnostics generally involve 
either nuclear medicine imaging, in which very small amounts of ra-
dioactive materials are used to study organ function and structure, 
or diagnostic imaging, which uses magnets and electrical charges to 
study human anatomy.

The following list of available procedures—in alphabetical rather 
than sequential order—includes some of the more common tests used 
to help diagnose a neurological condition.
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Angiography is a test used to detect blockages of the arteries or 
veins. A cerebral angiogram can detect the degree of narrowing or 
obstruction of an artery or blood vessel in the brain, head, or neck. It 
is used to diagnose stroke and to determine the location and size of a 
brain tumor, aneurysm, or vascular malformation. (See section 8.3 for 
more information about angiography.)

Biopsy
tissue from the body. Muscle or nerve biopsies are used to diagnose 
neuromuscular disorders and may also reveal if a person is a carrier 
of a defective gene that could be passed on to children. A brain biopsy, 
used to determine tumor type, requires surgery to remove a small piece 
of the brain or tumor. Performed in a hospital, this operation is riskier 
than a muscle biopsy and involves a longer recovery period.

Brain scans are imaging techniques used to diagnose tumors, blood 
vessel malformations, or hemorrhage in the brain. These scans are 
used to study organ function or injury or disease to tissue or muscle. 
Types of brain scans include computed tomography, magnetic reso-
nance imaging, and positron emission tomography.

Cerebrospinal fluid analysis involves the removal of a small 
amount of the fluid that protects the brain and spinal cord. The fluid 
is tested to detect any bleeding or brain hemorrhage, diagnose infec-

sclerosis and other neurological conditions, and measure intracranial 
pressure. (See section 8.5 for more information)

Computed tomography (CT) scan is a noninvasive, painless 
process used to produce rapid, clear two-dimensional images of organs, 
bones, and tissues. Neurological CT scans are used to view the brain 
and spine. They can detect bone and vascular irregularities, certain 
brain tumors and cysts, herniated discs, epilepsy, encephalitis, spinal 
stenosis (narrowing of the spinal canal), a blood clot or intracranial 
bleeding in patients with stroke, brain damage from head injury, and 
other disorders. (See section 8.3 for detailed CT information.)

Electroencephalography (EEG) monitors brain activity through 
the skull. EEG is used to help diagnose certain seizure disorders, brain 
tumors, brain damage from head injuries, inflammation of the brain 

-
bolic and degenerative disorders that affect the brain. EEGs are also 
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used to evaluate sleep disorders, monitor brain activity when a patient 
has been fully anesthetized or loses consciousness, and confirm brain 
death. In order to learn more about brain wave activity, electrodes may 
be inserted through a surgical opening in the skull and into the brain 
to reduce signal interference from the skull.

This painless, risk-free test can be performed in a doctor’s office or 
at a hospital or testing facility. Prior to taking an EEG, the person must 
avoid caffeine intake and prescription drugs that affect the nervous 
system. A series of cup-like electrodes are attached to the patient’s 

needles. The electrodes (also called leads) are small devices that are 
attached to wires and carry the electrical energy of the brain to a 
machine for reading. A very low electrical current is sent through the 
electrodes and the baseline brain energy is recorded. Patients are then 

light, noise or certain drugs—or are asked to open and close the eyes, 
or to change breathing patterns. The electrodes transmit the resulting 
changes in brain wave patterns. Since movement and nervousness can 
change brain wave patterns, patients usually recline in a chair or on 
a bed during the test, which takes up to an hour. Testing for certain 
disorders requires performing an EEG during sleep, which takes at 
least three hours.

Electromyography (EMG) is used to diagnose nerve and muscle 
dysfunction and spinal cord disease. It records the electrical activity 

the arms and legs) that controls muscles during contraction and at 
rest.

During an EMG, very fine wire electrodes are inserted into a muscle 
to assess changes in electrical voltage that occur during movement and 
when the muscle is at rest. The electrodes are attached through a series 
of wires to a recording instrument. Testing usually takes place at a 
testing facility and lasts about an hour but may take longer, depending 
on the number of muscles and nerves to be tested. Most patients find 
this test to be somewhat uncomfortable.

An EMG is usually done in conjunction with a nerve conduction 
velocity (NCV) test, which measures electrical energy by assessing the 
nerve’s ability to send a signal. This two-part test is conducted most 
often in a hospital. A technician tapes two sets of flat electrodes on the 
skin over the muscles. The first set of electrodes is used to send small 
pulses of electricity (similar to the sensation of static electricity) to 
stimulate the nerve that directs a particular muscle. The second set 
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of electrodes transmits the responding electrical signal to a recording 
machine. The physician then reviews the response to verify any nerve 
damage or muscle disease. Patients who are preparing to take an EMG 
or NCV test may be asked to avoid caffeine and not smoke for 2 to 3 
hours prior to the test, as well as to avoid aspirin and non-steroidal
anti-inflammatory drugs for 24 hours before the EMG. There is no 
discomfort or risk associated with this test.

Electronystagmography (ENG) describes a group of tests used 
to diagnose involuntary eye movement, dizziness, and balance disor-
ders, and to evaluate some brain functions. The test is performed at an 
imaging center. Small electrodes are taped around the eyes to record 
eye movements. If infrared photography is used in place of electrodes, 
the patient wears special goggles that help record the information. 
Both versions of the test are painless and risk-free.

Evoked potentials (also called evoked response) measure the 
electrical signals to the brain generated by hearing, touch, or sight. 
These tests are used to assess sensory nerve problems and confirm neu-
rological conditions including multiple sclerosis, brain tumor, acoustic 
neuroma (small tumors of the inner ear), and spinal cord injury. Evoked 
potentials are also used to test sight and hearing (especially in infants 
and young children), monitor brain activity among coma patients, and 
confirm brain death.

Testing may take place in a doctor’s office or hospital setting. It is 
painless and risk-free. Two sets of needle electrodes are used to test 

the electrophysiological response to stimuli, is attached to the patient’s 
scalp using conducting paste. The second set of electrodes is attached 
to the part of the body to be tested. The physician then records the 
amount of time it takes for the impulse generated by stimuli to reach 
the brain. Under normal circumstances, the process of signal transmis-
sion is instantaneous.

evoked response) are used to assess high-frequency hearing loss, 
diagnose any damage to the acoustic nerve and auditory path-
ways in the brainstem, and detect acoustic neuromas.

damage (in particular, damage caused by multiple sclerosis).

uli to the peripheral nerves and can detect nerve or spinal cord 
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damage or nerve degeneration from multiple sclerosis and 
other degenerating diseases.

Magnetic resonance imaging (MRI) uses computer-generated
radio waves and a powerful magnetic field to produce detailed images 
of body structures including tissues, organs, bones, and nerves. Neuro-
logical uses include the diagnosis of brain and spinal cord tumors, eye 
disease, inflammation, infection, and vascular irregularities that may 
lead to stroke. MRI can also detect and monitor degenerative disorders 
such as multiple sclerosis and can document brain injury from trauma. 

real-time images of blood flow to particular areas of the brain. An fMRI 
can pinpoint areas of the brain that become active and note how long 
they stay active. It can also tell if brain activity within a region oc-
curs simultaneously or sequentially. This imaging process is used to 
assess brain damage from head injury or degenerative disorders such 
as Alzheimer disease and to identify and monitor other neurological 
disorders, including multiple sclerosis, stroke, and brain tumors. (See 
section 8.3 for additional MRI information.)

Positron emission tomography (PET) scans provide two- and 
three-dimensional pictures of brain activity by measuring radioactive 
isotopes that are injected into the bloodstream. PET scans of the brain are 
used to detect or highlight tumors and diseased tissue, measure cellular 

seizure disorders that do not respond to medical therapy and patients with 
certain memory disorders, and determine brain changes following injury 
or drug abuse, among other uses. PET may be ordered as a follow-up to a 
CT or MRI scan to give the physician a greater understanding of specific 
areas of the brain that may be involved with certain problems.

A polysomnogram measures brain and body activity during sleep. 
It is performed over one or more nights at a sleep center. Electrodes are 

-
cord brain waves, eye movement, breathing, leg and skeletal muscle 
activity, blood pressure, and heart rate. The patient may be videotaped 
to note any movement during sleep. Results are then used to identify 
any characteristic patterns of sleep disorders, including restless legs 
syndrome, periodic limb movement disorder, insomnia, and breathing 
disorders such as obstructive sleep apnea. Polysomnograms are nonin-
vasive, painless, and risk-free.
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Single photon emission computed tomography (SPECT) is a 
nuclear imaging test involving blood flow to tissue used to evaluate 
certain brain functions. The test may be ordered as a follow-up to an 
MRI to diagnose tumors, infections, degenerative spinal disease, and 
stress fractures.

Thermography uses infrared sensing devices to measure small 
temperature changes between the two sides of the body or within a 
specific organ. Also known as digital infrared thermal imaging, ther-
mography may be used to detect vascular disease of the head and 
neck, soft tissue injury, various neuromusculoskeletal disorders, and 
the presence or absence of nerve root compression.

Ultrasound imaging, also called ultrasound scanning or sonog-
raphy, uses high-frequency sound waves to obtain images inside the 
body. Neurosonography (ultrasound of the brain and spinal column) 
analyzes blood flow in the brain and can diagnose stroke, brain tumors, 
hydrocephalus (build-up of cerebrospinal fluid in the brain), and vas-
cular problems. It can also identify or rule out inflammatory processes 

-
sue masses and can show tears in ligaments, muscles, tendons, and 
other soft tissue masses in the back. Transcranial Doppler ultrasound 
is used to view arteries and blood vessels in the neck and determine 
blood flow and risk of stroke.
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Section 8.3

Neurological Imaging

Angioma Alliance (www.angiomalliance.org). Reprinted with permission.

Note: This section describes common imaging technologies used for 
neurological tests and procedures, and specifically addresses the use of 
these technologies in the cavernous malformation diagnosis process.

Diagnostic Imaging Primer Part I

trained and specialized medical professionals to administer these 
procedures and interpret the results. As technology and understand-
ing of disease pathology evolves, combinations of diagnostic images 
are being used in an integrated and layered approach. In some cases, 
imaging technology, which has been around for a decade or more, is 
being altered and used in new ways. This can make the testing process 
easier and less invasive or lead to new approaches in the diagnosis of 
a disease.

This section describes the two most common imaging technologies 
and their use in the cavernous malformation diagnosis process.

Computed tomography (CT/CAT scan):
line of diagnosis was the computed tomography (CT), or CAT scan (the 

down). CT is a technology that has been in use for roughly 30 years, and 
has improved with time.

Initially slow and prone to patient movement artifacts, getting a 
sharp and detailed image was problematic. Regardless, it was worth 
the time and trouble because the process was non-invasive and gave 
doctors a good look at the soft tissue structures of the brain. CT is still 
widely used today, especially in emergency rooms where trauma doc-
tors need to get a first look at a patient’s problem. It helps that CT is 

adept at imaging fresh blood.



97

Neurological Tests and Procedures

to create the resultant image, and the image detail is less than other 
technologies. Like MRI, CT may include the use of a contrast agent 
(dye) to enhance certain aspects of the image. Patients who don’t like 
needles won’t appreciate this portion of the test, but at least it’s only a 
single injection.

Magnetic resonance imaging (MRI): MRI is the gold standard in 
diagnostic imaging. Invented in the late 1980s, MRI has revolutionized 
the diagnosis of certain diseases, including cavernous malformation 
(CCM). While the images generated by this technology appear similar 
to those produced by CT, the process by which these images are ren-
dered is completely different.

There are two physical types of MRI—open and closed. Closed MRI 
requires the patient to enter a very narrow tube, and lie flat and still 

problems for claustrophobic patients. There is, however, a trade-off; in 
most cases, open MRI is less precise than the closed counterpart. If a 
patient can handle the claustrophobic aspects of a closed MRI, then a 
closed MRI is the optimal procedure to undergo.

An MRI develops a very strong magnetic field resulting from the 
generation of radio waves focused at a certain part of the body. As of 

magnetic field, no metal objects are allowed in the actual MRI room. 
Due to the high strength magnetic field, certain patients cannot un-
dergo an MRI if they have an implanted pacemaker, or metal plates 
or screws surgically inserted somewhere in the body.

Although there are no preparation requirements (such as fasting 
or other restrictions) that must be met before the procedure, there 
is a requirement that the patient remain absolutely still during the 

images. Additionally, MRI is a noisy process and requires the use of 
hearing protection.

Like CT, MRI generates an image slice by slice. These slices are 
normally a few millimeters thick, so that the rendered image is de-
tailed and clear. Likewise, the slicing orientation is controlled by the 

ing forward), and sagittal (side of head, looking toward other side of 
head). MRI scans can be run with a multitude of settings, depending 
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studied.
The garden variety MRI is the spin-echo MRI. Spin-echo refers to 

the type of MRI pulse that is used during the procedure. There are 
different weightings and spin-echo sequences that radiologists will 
use depending upon the individual case. In general, there are two 
weightings of spin-echo images which are most widely used: (1) T1–

appear brighter than surrounding brain tissue; and (2) T2–Transverse 

tissue.
Both T1 and T2 times are adjustable by the radiologist, so that 

the best contrast relative to background brain tissue can be depicted. 

general template T1 and T2 settings are used to have the best chance 
of picking up abnormalities.

Gradient-echo and susceptibility weighted imaging (SWI) differ 
from spin-echo and allow detection of very small (punctuate or pin-
sized) abnormalities. This is especially critical for potential cavernous 
malformation patients, as even small lesions can have big neurological 

clinical symptoms is yet unknown, performing a gradient-echo MRI or 
SWI MRI is highly recommended. When in doubt, be sure to ask that 
gradient-echo or SWI be specified by the MRI prescription issued by 
the referring doctor.

There are additional MRI sequences, such as turbo (fast) spin-echo 
and functional MRI (fMRI), among others. Turbo spin-echo is simply a 
quicker way of accomplishing a regular spin echo scan, yielding certain 

certain pre-surgical situations. These and other diagnostic tests, such 
as angiography, are highlighted later in this section.

Limitations of imaging and upcoming new technology: It has 
been established that people who suffer from claustrophobia, possess 

-

from squirming during a 30 or 45 minute MRI procedure is practically 
impossible.
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General anesthesia has been the fallback, but this is tough on the kids, 
not to mention their parents. If you’ve ever seen a preschooler regaining 
consciousness from an anesthesia-based procedure, it’s an eye opener. 

invasive procedure, anesthesia seems like overkill, but until recently it 

horizon that hopefully will relegate general anesthesia to the trash bin 
for follow-up pediatric MRI. New technologies will reduce the negative 
effects of motion, resulting in high definition scans even with a squirmy 
kid. This means that many young children will no longer require sedation 
to undergo follow-up MRI. Also, the overall process is quicker, possibly 

use turbo spin-echo sequences, and they may not be the best choice for 

management of cerebral cavernous malformation (CCM).

Diagnostic Imaging Primer Part II: Angiography

An angiogram (also known as an arteriogram) is a diagnostic test 
used to gauge the integrity of blood vessels within the body. It is an 
indispensable element in determining the root cause of a problem, 
either by positive identification or by ruling out certain possibilities. 
An angiogram will only see areas where there is blood flow above a 
specific threshold rate. As such, it cannot image cavernous malforma-
tions directly, but it may help to do so by process of elimination. When 
used in conjunction with an MRI, an angiogram provides an invaluable 
look at blood vessel irregularities previously viewable only through 
surgery or at autopsy. The combination of the two generally results in 
a diagnosis of high confidence.

-
giography. Technological advances have yielded additional angiography 
choices that can complicate the decision-making process, potentially 

nice to have alternatives, especially non-invasive ones, which weren’t 
available 20 years ago.

-
raphy commonly used in today’s medical facilities: computed tomog-
raphy angiography (CTA), magnet resonance angiography (MRA), and 
conventional angiography.

Computed tomography angiography (CTA): CTA is the least 
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strengths and weaknesses are similar to the CT versus MRI compari-
son discussed previously. Basically, its availability is more widespread 
than MRA; it costs less, and there are fewer restrictions in that CTA 
can be used on patients with metal in their bodies (pacemakers, 
screws, rods, plates, and so forth). Unfortunately, like its CT cousin, 
the precision is not as high as with MRI, and it requires an iodine-
based contrast injection, which can be detrimental to some at-risk 
patients.

Magnetic resonance angiography (MRA): MRA is rapidly be-
coming the diagnostic test of choice for blood vessel imaging. It can de-
tect blood vessels that are bulging (aneurism) or narrowing (stenosis). 
Likewise, it can pick up high blood flow lesions such as arteriovenous 
malformations (AVM). CTA can do this as well, but not with the degree 
of precision found in MRA. The degree of precision is what gives MRA 
a big advantage over CTA in terms of early detection.

MRA also offers important advantages over conventional angiogra-
phy. Unlike the latter, MRA is non-invasive and is much quicker. While 
the risks with an invasive procedure are relatively small, those risks 
are still present. MRA completely removes this concern.

Regardless, some of the more intransigent medical facilities con-
-

ventional angiography.

Conventional angiography: Long the gold standard for blood 
vessel diagnostics, conventional angiography has been around a very 

procedure is more involved than that for MRA or CTA in that it re-
quires an incision, normally in the femoral artery near the groin area 

into the artery and snaked into the blood vessel of concern. To image 
blood vessels in the brain, this requires the catheter to be guided 

in place, contrast material is injected and images are taken of the 
affected area.

The advantage to conventional angiography is that the images are 
-

ods, it is the most precise. This precision, however, comes at a higher 
relative risk of complications such as infection, hemorrhage from the 
catheter damaging a blood vessel, or even stroke. Also, there is a re-
covery time associated with the operation of at least four hours, which 
requires keeping one’s leg immobilized for that period of time.
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What’s the Best Procedure?

No doubt, the cop-out answer is “it depends.” In reality, most general 
cases can probably be handled by MRA as long as the hospital staff 
is well trained on the latest technology and diagnostic procedures. If 
one doctor recommends a conventional angiogram, ask why not an 
MRA? Good engineering practice always stipulates that one chooses 

-
giography should be used in lieu of MRA.

Be aware that when discussing the darker side of medicine and 
inherent conflicts of interest, conventional angiography procedures 
receive a higher insurance reimbursement rate than do MRAs. All 
other factors being equal, some unscrupulous doctors may choose con-
ventional angiography over MRA to grab that higher reimbursement 
rate. Also, don’t lambaste emergency medical room staff if they order a 
CTA. In many cases, a CTA is a great first look at an emerging problem 
where time is of the essence.

The real kicker is that after having read all of this, if one’s angiog-
raphy is negative (normal), that only rules out high flow lesions such 
as arteriovenous malformation (AVM). If a lesion imaged by MRI is 
suspected as the underlying cause of symptoms, then the absence of 
anything unusual on an angiogram heightens the possibility that the le-

such as a cavernous malformation, which by nature is low flow.

Diagnostic Imaging Primer Part III: Functional MRI and 
Other Techniques

Functional MRI (fMRI)

-
cedure allowing the non-invasive measurement of blood flow in the 
brain. Images can be taken rapid-fire, allowing an almost movie-like
synthesis of image frames so that doctors can identify currently ac-
tive brain regions. This imaging and identification is usually done 
in conjunction with a patient task-oriented test. By assigning a task 
(playing a game, moving an arm or leg) to a patient and then imme-
diately taking pictures of the brain, changes in blood flow rate and 

can be mapped as to function.

fMRI indirectly measures, is directly related to the task demands and 
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the fMRI procedure itself is very similar to a regular MRI, especially 
considering that one’s head must remain immobilized during the im-
aging process.

surgeon can use the following fMRI procedures to differentiate be-

tissue which is not as eloquent. This can make all of the difference in 
surgical success rate for those operations requiring a very low margin 
of error.

Types of fMRI

day is dependent upon the particular aspect of the patient’s case the 
attending physician wishes to study. Ideally, the following fMRI tech-
niques involve measuring cerebral blood flow while performing a before 

during this test are kept constant. The four main fMRI types in use 
today are: bold, perfusion, diffusion-weighted, and MRI spectroscopy.

Bold-fMRI:

being delivered to those areas of the brain in use or needing it most 
at that given time. By giving a patient a singular and simple task 
(holding an object), the doctor can see the areas of the brain that are 
activated during the task. Images are rapidly taken before and during 
the task so that they may be contrasted with each other. Bold-fMRI is 
optimal for studying functions that can be quickly turned on and off 
like language, vision, movement, hearing, and memory.

Perfusion-fMRI: Like bold-fMRI, perfusion-fMRI attempts to 
measure blood flow in the brain. It differs in that it does not measure 

There are two types of perfusion-fMRI: intravenous bolus tracking 
and arterial spin-labeling. The former uses an injection of a tracer sub-
stance such as gadolinium to depict relative blood flow. Gadolinium is 
the same contrast agent used during many standard MRI procedures. 
The tracer, or bolus, is then mapped as it courses through the cerebral 
bloodstream in the area of the brain being studied. More than one bo-
lus can be administered in a session. Unfortunately, this is somewhat 
invasive (gadolinium injection) and is also limited by the ability of 
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one’s kidneys to process and eliminate the tracer substance without 

Arterial spin-labeling, on the other hand, is non-invasive and can 
be repeated as many times as necessary, plus, it can measure absolute 
blood flow. Absolute blood flow allows a series of images focusing on 
the same area to be taken during a specific fMRI session.

The biggest drawback is that this method is very slow, and indi-
vidual images (slices) can only be generated every few minutes. This 
contrasts with bold-fMRI, which is rapid-fire. The longer the time 
between slices, the greater the chance of the patient’s mental state 
changing in a non-controlled fashion, thereby introducing unwanted 
variables into the procedure.

Diffusion-weighted imaging: This procedure measures the rela-
tive mobility of water molecules in the brain. The natural, random 
motion of water molecules (for those of us who remember their days in 
physics class—Brownian motion) can be factored out such that abnor-

-
ing a de-myelinizing disease process such as multiple sclerosis, water 
molecules would more readily diffuse across the boundary of the my-
elin sheath since it is no longer intact. Most lesions and strokes cause 
disruption of the brain’s white matter such that diffusion-weighted 
imaging can hone in on these areas.

MRI spectroscopy (MRIS): While basic MRI shows relative differ-
ences between areas of the brain, MRI spectroscopy allows for detailed 
chemical information about specific composition of individual brain 

dead tissue. Use and refinement of this technique continues to evolve and 
will most likely play a greater role in future diagnostic procedures.

Other Diagnostic Tools

There are a host of other image-oriented tools that doctors employ to 
diagnose suspected problems in the brain. Positron emission tomogra-
phy (PET) and single photon emission computed tomography (SPECT)
have been around for awhile. Their greatest attribute, relative to cav-

centers in the brain. Both of these procedures image the brain similar 
to fMRI, but PET and SPECT involve slower image acquisition times, 
are more costly, and include ionizing radiation as a byproduct of their 
use. Given these limitations, fMRI is almost always preferable.
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Magnetoencephalogram (MEG) and electroencephalogram (EEG) 
measure the electrical activity of the brain. EEG requires long prepa-
ration time, especially in the placement of electrodes on the patient. 

Ultrasound uses inaudible (to the human ear) sound waves to im-
age a particular area. Most are familiar with its use during mid-term
pregnancy to predetermine the gender of the fetus and ensure normal 
gestation. Currently, ultrasound doesn’t have much practical applica-
tion in the diagnostic process of potential CCM patients.

Summary and the Future

MRI and fMRI will continue to be the imaging procedures of choice 

are so specialized that they are either very costly or are not applicable 

craniotomy, in order to be useful.
Probably the biggest near-term impact in the MRI world will be 

an increase in magnetic field strength. Currently, the standard field 
strength is 1.5 Tesla (T). Newer machines will easily double that and 
may possibly reach seven or eight T once it is determined that these 
higher field strengths are safe for humans. Quicker MRI procedures 
and much higher image resolutions will be the result.

will be developed. If one follows the money in the medical research 
world, studies involving sub-cellular molecular structures and pro-

readily available patient diagnostics that can show doctors changes 
on the molecular level. To put it another way, the imaging difference 
is similar to a satellite photographing the earth and viewing detail at 
city level versus using a different satellite to peer into a window and 
read the contents of a post-it note on someone’s desk.

in diagnostic imaging. The rapid pace of development is good news for 
those patients harboring brain lesions. Diagnosis is usually quicker and 
more accurate than in years past. The days of mistaking CCM for other 
diseases such as multiple sclerosis are fading fast. Even so, deployment 
of new imaging systems must pass stringent safety tests that can de-
lay their clinical use. Just as important, medical professionals must be 
trained to use the new systems and properly interpret their output.
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Section 8.4

Carotid Ultrasound

Carotid ultrasound is a painless and harmless test that uses high-
frequency sound waves to create pictures of the insides of the two large 
arteries in your neck. These arteries, called carotid arteries, supply 

side of your neck. Carotid ultrasound shows whether a substance called 
plaque (plak) has narrowed your carotid arteries. Plaque is made up 
of fat, cholesterol, calcium, and other substances found in the blood. 
Plaque builds up on the insides of your arteries as you age. This condi-
tion is called carotid artery disease.

You have two common carotid arteries—one on each side of your 

plaque in a carotid artery can cause a stroke. The plaque can slow down 
or block the flow of blood through the artery, allowing a blood clot to 
form. A piece of the blood clot can break off and get stuck in the artery, 
blocking blood flow to the brain. This is what causes a stroke.

A standard carotid ultrasound shows the structure of your carotid 
arteries. Your carotid ultrasound test may include a Doppler ultra-
sound. Doppler ultrasound is a special test that shows the movement 
of blood through your blood vessels. Your doctor often will need results 
from both types of ultrasound to fully assess whether there’s a problem 
with blood flow through your carotid arteries.

Your doctor may recommend a carotid ultrasound if you had a stroke 
or mini-stroke recently; or if you have an abnormal sound in your 
carotid artery called a carotid bruit. Your doctor can hear a carotid 
bruit with the help of a stethoscope put on your neck over the carotid 
artery. A bruit may suggest a partial blockage in your carotid artery 
that could lead to a stroke.

Your doctor also may recommend a carotid ultrasound if he or she 
suspects you may have blood clots that can slow blood flow in your 
carotid artery, or a split between the layers of your carotid artery wall 
that weakens the wall or reduces blood flow to your brain
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Also, a carotid ultrasound also may be done to see whether carotid 
artery surgery, also called carotid endarterectomy, has restored normal 
blood flow through your carotid artery, or after surgery to check the posi-
tion of the stent put in your carotid artery. (The stent, a small mesh tube, 
helps prevent the artery from becoming narrowed or blocked again.)

Sometimes carotid ultrasound is used as a preventive screening 
test in people who have medical conditions that increase their risk of 
stroke, including high blood pressure and diabetes.

What to expect: Carotid ultrasound is a painless test, and typically 
there is little to do in advance. Your doctor will tell you how to prepare 
for your carotid ultrasound. Carotid ultrasound usually is done in a 
doctor’s office or hospital. The test is painless and often doesn’t take 
more than 30 minutes.

The ultrasound machine includes a computer, a video screen, and a 
transducer. A transducer is a hand-held device that sends and receives 
ultrasound waves into and from the body. You will lie on your back on 

your neck where your carotid arteries are located. This gel helps the 
ultrasound waves reach the arteries better. Your technician or doctor 
will put the transducer against different spots on your neck and move 
it back and forth. The transducer gives off ultrasound waves and de-
tects their echoes after they bounce off the artery walls and blood cells. 
Ultrasound waves can’t be heard by the human ear. A computer uses 
the echoes to create and record pictures of the insides of the arteries 
(usually in black and white) and your blood flowing through them (usu-
ally in color; this is the Doppler ultrasound). A video screen displays 
these live images for your doctor to review.

Results:
the carotid ultrasound when it occurs or soon afterward. A carotid 
ultrasound can show whether plaque buildup has narrowed one or 
both of your carotid arteries and reduced blood flow to your brain. If 
plaque has narrowed your carotid arteries, you may be at risk of hav-
ing a stroke. That risk depends on how much of your artery is blocked 
and how much blood flow is restricted. To reduce your risk for stroke, 
your doctor may recommend medical or surgical treatments to reduce 
or remove the plaque buildup in your carotid arteries.
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Section 8.5

Lumbar Puncture (Spinal Tap)
“Lumbar Puncture,” September 2008, reprinted with permission from www.

-

for medically reviewed health information written for parents, kids, and 

Editor’s note: This information was written for parents; however, the 
procedure is the same for children and adults.

What It Is

A lumbar puncture (also called a spinal tap) is a common medical 

and cushions the brain and spinal cord, or central nervous system. In 
a lumbar puncture, a needle is carefully inserted into the lower spine 

Why It’s Done

Medical personnel perform lumbar punctures and test the cerebro-

testing looks for signs of possible infection by analyzing the white blood 
cell count, glucose levels, protein, and bacteria or abnormal cells that 
can help identify specific diseases in the central nervous system.

Most lumbar punctures are done to test for meningitis, but they also 
can determine if there is bleeding in the brain, detect certain condi-
tions affecting the nervous system such as Guillain Barré syndrome 
and multiple sclerosis, and administer chemotherapy medications.

Preparation

informed consent form—this states that you understand the procedure 
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and its risks and give your permission for it to be performed. The doctor 
doing the lumbar puncture will know your child’s medical history but 
might ask additional questions, such as whether your child is allergic 
to any medicines. You might be able to stay in the room with your child 
during the procedure, or you can step outside to a waiting area.

The Procedure

A lumbar puncture takes about 30 minutes. The doctor carefully 
inserts a thin needle between the bones of the lower spine (below the 
spinal cord) to withdraw the fluid sample. The patient will be positioned 
with the back curved out so the spaces between the vertebrae are as wide 
as possible. This allows the doctor to easily find the spaces between the 

head on a pillow or lie on their side. Infants and younger children are 
usually positioned on their sides with their knees under their chin.

A small puncture through the skin on the lower back is made and 
liquid anesthetic medicine is injected into the tissues beneath the skin to 
prevent pain. In many cases, before the injected anesthesia medication is 
given, a numbing cream is applied to the skin to minimize discomfort.

The spinal needle is thin and the length varies according to the 
size of the patient. It has a hollow core, and inside the hollow core is a 
“stylet,” another type of thin needle that acts kind of like a plug. When 
the spinal needle is inserted into the lower lumbar area, the stylet is 
carefully removed, which allows the cerebrospinal fluid to drip out into 
the collection tubes.

minutes), the needle is withdrawn and a small bandage is placed on 
the site. Collected samples are sent to a lab for analysis and testing.

What to Expect

While some notice a brief pinch and some discomfort, most people 
don’t consider a lumbar puncture to be painful. Depending on the doc-
tor’s recommendations, your child might have to lie on his or her back 
for a few hours after the procedure. Your child might feel tired and 
have a mild backache the day after the procedure.

Getting the Results

Some results from a lumbar puncture are available within 30 to 60 
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a bacterial culture is sent to the lab and these results are usually 
available in 48 hours. If it’s determined there might be an infection, 
the doctor will start antibiotic treatment while waiting for the results 
of the culture.

Risks

A lumbar puncture is considered a safe procedure with minimal 
risks. Most of the time, there are no complications. In some instances, 
a patient may get a headache (it’s recommended that patients lie down 
for a few hours after the test and drink plenty of fluids to help prevent 
headaches). And in rare cases, infection or bleeding can occur.

Helping Your Child

-
ing that while the test might be uncomfortable, it shouldn’t be painful 

the test, and let your child know that a nurse might hold him or her 
in place. After the procedure, make sure your child rests and follow 
any other instructions the doctor gives you.

If You Have Questions

It’s important to understand any procedure your child undergoes. If 
you have questions or concerns about the lumbar puncture procedure, 
be sure to speak with your doctor.
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Section 8.6

Intracranial Pressure Monitoring
“Intracranial Pressure Monitoring,” 

© 2009 A.D.A.M., Inc. Reprinted with permission.

Intracranial pressure monitoring uses a device, placed inside the 
head, which senses the pressure inside the skull and sends its mea-
surements to a recording device.

How the Test Is Performed

There are three ways to monitor pressure in the skull (intracranial 
pressure):

lateral ventricles, of the brain (intraventricular catheter)

-
-

noid screw or bolt)

-
ral sensor)

The intraventricular catheter is thought to be the most accurate 
method, but if immediate access is needed, a subarachnoid bolt is typi-
cally used. If no qualified brain surgeon (neurosurgeon) is available to 
place a bolt, then an epidural sensor will probably be used.

To insert an intraventricular catheter, a burr hole is drilled through 
the skull and the catheter is inserted through the brain matter into 
the lateral ventricle, which normally contains liquid (cerebrospinal 

intracranial pressure (ICP) be monitored, but it can be lowered by 
draining cerebral spinal fluid out through the catheter. This catheter 
may be difficult to get in place when there is increased intracranial 
pressure, since the ventricles change shape under increased pressure 

injury and swelling.
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A subarachnoid screw or bolt is a hollow screw that is inserted 
through a hole drilled in the skull and through a hole cut in the outer-
most membrane protecting the brain and spinal cord (dura mater).

The epidural sensor is placed through a burr hole drilled in the 
skull, just over the epidural covering. Since no hole is made in the 
epidural lining, this procedure is less invasive than other methods, 

Lidocaine or another local anesthetic will be injected at the site 
where the incision will be made. You will most likely get a sedative to 

After the area is dry, an incision is made and the skin is pulled back 
until the skull is visible. A drill is then used to cut through the bone 

If an epidural sensor is used, it is then inserted between the skull 

subarachnoid space and the bolt is screwed into the bone. This allows 

If an intraventricular catheter is used, it is threaded through the 
brain matter into one of the lateral ventricles. This type of catheter is ef-
fective and accurate at sensing intracranial pressure measurements.

How to prepare for the test: If you need this procedure done, 
you will be in the hospital and most likely in an intensive care unit. 

-
dure and the risks, and (as with any surgery) you will have to sign a 
consent form.

How the test will feel: If the procedure is done while you are 
under general anesthesia, you will feel nothing until you wake from 
the anesthesia. At that time you will feel the normal side effects of 
anesthesia, plus the discomfort of the incision made in your skull.

If the procedure is performed under local anesthesia, you will feel a 
prick on your scalp like a bee sting as the local anesthetic is injected. 
You may feel a tugging sensation as the skin is cut and pulled back to 

The amount of time this takes will depend on the type of drill that is 
used. You will also feel a tugging sensation as the surgeon sutures the 
skin back together after the procedure.

Your health care provider may prescribe mild pain medications for 
relief. You will not receive strong pain medications, so that your doctor 
can check for signs of brain function. Neurologic problems are common 
with increased intracranial pressure.
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Why the Test Is Performed

This test or procedure is done to measure the intracranial pressure 
and to learn if you are at risk for injury from increased intracranial 

Normal results: Normally, the ICP ranges from 1–15 millimeters 

among different laboratories. Talk to your doctor about the meaning 
of your specific test results.

What abnormal results mean: Intracranial pressure monitoring 
is usually done in cases of severe head injury. It also may be done after 
surgery to remove a tumor or repair damage to a blood vessel (vascular 
lesion) if the surgical team is concerned about brain swelling.

through the catheter. It also may be treated by changing ventilator 
settings (for people who are in critical condition and on a respirator) 
or by giving certain medications through a vein (intravenous).

Intracranial pressure monitoring is crucial to identify the problem 
and treat it right away. Raised intracranial pressure means that both 
nervous system (neural) and blood vessel (vascular) tissues are being 
compressed. If left untreated, it can result in permanent neurologic 
damage. In some cases, it can be fatal.

Risks: Bleeding; brain herniation or injury from the increased pres-
sure despite the monitor; damage to the brain tissue with continued 
neurologic effects; inability to find the ventricle and accurately place 
catheter; infection; and risks of general anesthesia.

Reference

In: Goetz, CG, ed. Textbook of Clinical Neurology. 3rd ed. Philadelphia, 
Pa: Saunders Elsevier; 2007: chap 26.
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Steroids are naturally occurring hormones. In brain tumor treat-
ment, steroids are used to reduce the swelling, or edema, sometimes 
caused by the tumor or its treatment. The steroids given to brain tu-
mor patients are corticosteroids—hormones produced by small glands, 
called adrenal glands, near the kidneys. They are not the same as the 
anabolic steroids used by athletes to build muscle.

These steroids can temporarily relieve brain tumor symptoms, improve 
neurological symptoms, promote a feeling of well-being, and increase 
your appetite. Because steroids are hormones, their long-term use 
requires close monitoring. In this chapter, we’ll share why steroids 
are given, how to manage the effects of steroids, and a few guidelines 
for their safe use.

About edema: Edema is the accumulation of fluids in the tissue 
around a tumor—it is a common occurrence in people who have a 
brain tumor. Edema happens when the blood brain barrier, an invisible 
protection around the brain, is disrupted by the tumor. Small blood 
vessels around the tumor can then leak fluids which collect in the sur-
rounding tissue. Edema can also occur following surgery, radiation, or 
other treatment for a brain tumor.

Chapter 9

Steroids for Brain Disorders

“Steroids,” © 2004 American Brain Tumor Association (www.abta.org). Re-
printed with permission. Reviewed in January 2010 by Dr. David A. Cooke, MD, 
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When are steroids given?

Steroids may be prescribed before, during, or after surgery. They 
may be started at the time of diagnosis if edema is seen on a magnetic 
resonance imaging (MRI) scan, or if swelling is causing pressure on 
the brain. Steroids may be used to control edema caused by surgery. 
In this situation, they may be started just prior to surgery or during 
the procedure. If swelling occurs following surgery, as it sometimes 
does, steroids can be given at that time. If you were on steroids prior to 
surgery, your dose might be adjusted after surgery if increased swelling 
causes an increase in your symptoms.

Steroids are also used to treat edema caused by radiation therapy. 
Steroids may be started prior to radiation, or at the time of treatment. 
The steroids are continued until the brain appears to have healed from 
the acute effects of the therapy.

tumor (which spread to the brain from a cancer elsewhere in the body), 
steroids can help improve quality of life by reducing symptoms. When 
used in this way, steroids may increase a person’s alertness, ability 
to be mobile, or perhaps increase their ability to communicate and 
interact with others.

Do steroids treat tumor cells?

true, this effect is probably not great enough to kill significant numbers 
of tumor cells or to make steroids an effective stand-alone therapy.

central nervous system lymphoma (PCNSL). If this type of tumor 
is suspected, steroids should not be used until after the diagnosis is 
made. There are other diseases that respond to steroids, and a pathol-
ogy reading may be more difficult if the lymphoma was pre-treated 
with steroids. PCNSL can markedly decrease in size on scans taken 
immediately following the use of these drugs. Rather than controlling 
edema, steroids destroy lymphoma tumor cells, but they are not a 
long-term cure for this tumor.

How are steroids taken?

Although steroids can be started through an intravenous (IV) line 
or by injection into a muscle (IM), most people with a brain tumor 
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take their steroids by mouth—also called orally. The pills come in 
doses that range from 0.25 milligram (mg) to 6.0 mg tablets, taken 
between two and four times a day. Your doctor will determine the 
starting dose of steroid based on your MRI scan and your symptoms. 
It will take 24–48 hours before you begin to see the effects of the 
medication, but the change is often remarkable. The dose may need 
to be adjusted—either increased or decreased slightly—depending 
on how your body reacts to them. To protect your stomach, take your 
steroids with food or milk. Your doctor may also prescribe an antacid 
to be taken daily.

If your doctor prescribes the long-term use of steroids, don’t be 
disappointed if your steroid dose needs to be increased over time. The 
goal, of course, will be to find the lowest, most effective dose of medi-
cation that keeps your neurological symptoms at a minimum. With 
time, however, that most effective dose may need to be adjusted. The 
need to increase your medication does not automatically mean your 
tumor is growing, and it does not mean you’ve made errors in taking 
your medication.

You and your family can be of great help in this process by keeping 
your doctor aware of the way your body reacts to the steroids. If at any 
point the side effects become difficult to manage, please share your 
concerns with your nurse or doctor.

When your doctor feels you no longer require steroids, you will be 
given instructions for slowly stopping the drug. Do not abruptly stop 
taking your steroids. The tapering process slowly decreases your ster-
oid dose. Your body needs this period of time to again begin producing 
its own steroids, and to avoid an emergency medical crisis. Lowering 
steroid levels too quickly can also cause a rebound increase in swell-
ing.

Side Effects

Steroids can have several positive side effects. They can markedly 
decrease symptoms, give one an overall sense of well-being, tempo-
rarily increase thought and functioning abilities, and increase your 
appetite.

Steroids can also cause a wide range of effects that must be care-
fully monitored by your doctor. The most common side-effects are: 
weight gain; thinning of the skin; gastrointestinal upset; muscle weak-
ness in your thighs, shoulders, and neck; susceptibility to infections; 
masking or hiding a fever; mood swings; insomnia; pneumonia; and 
increased blood sugar levels (especially if you have diabetes). Steroids 
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can interact with some seizure medications, either increasing or 
lowering their levels in your blood, which can alter their effective-

less common.
The benefits of steroid use almost always outweigh their potential 

side effects. If you have any questions about balancing risks and ben-
efits, please talk with your doctor.

Managing Common Side Effects

Weight gain and increased blood sugar: After a few months 
of steroid use, you may begin to notice a significant weight gain. This 
is not the fatty weight of overeating—it is your body processing and 
storing food in a different way. You may notice your face looks puffy or 
moon-like, and you’ve developed a small hump on your back, just below 
the neck, called a buffalo hump. You may notice stretch marks across 
your abdomen as it increases in size, while your upper arms and legs 
seem to become thinner. These changes are due to your body storing 

this is an unavoidable effect of steroids, there are several things you 
can do to help manage this change in your body.

than five pounds in one week, please call your doctor. A sudden, large 
weight increase can signal medical problems that should be reported 
to your health care team.

Second, ask your doctor for a referral to a licensed registered dieti-

in treating people with pituitary disorders. Either can be of help in 
outlining a healthy eating plan that will provide the nutrients impor-
tant to your healing, yet limit those which your body has difficulty 
with right now. Since nutritional needs vary from person to person, a 
professional is your best resource for this help.

Third, it’s important that your body maintain its ability to flush 
waste out of your system. Keep your kidneys and bowels in good 
shape—don’t stop drinking water. It’s a natural reaction to try to avoid 
adding liquids to your body right now, but that will only compound 
the problem.

Steroids may affect your blood sugar level, especially if you are 
diabetic. If your sugar levels increase, you may be referred to both an 
endocrinologist and a dietician. In some cases medication may need to 
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Gastrointestinal problems: Steroids can cause an upset stomach. 
Be sure to take your medication with food, milk, or an antacid that your 
doctor prescribes for you. Call your doctor if you have stomach pains, 
run a temperature, are constipated, or notice any blood in your bowel 
movement. Avoid the use of non-steroidal anti-inflammatory drugs 
(NSAIDs such as Advil, Motrin, and Aleve) and aspirin unless directed 
by your doctor. While you are on steroids, it is especially important 
that you have regular bowel movements. If you become constipated, 

Insomnia: Sleep disturbances are a possible side effect of chang-
ing hormone levels. If you have difficulty sleeping, ask your doctor 
if your dosage can be adjusted so you take more medication in the 
morning and less after dinner. (Don’t make this change on your own.) 

sugar as bedtime approaches, and a regular nighttime routine may 
be of help.

Depression/mood changes: While taking steroids, you might 

symptoms are due to the steroid’s effect on the natural hormone bal-
ance in your body, and can be treated. Let your doctor know how you 
are feeling. Medications may relieve some of these symptoms and can 
be particularly helpful if you remain on steroids for a long period of 
time. It is also helpful to discuss these effects with your family so they 

Muscle weakness: Steroids sometimes cause weakness in the 
muscles of the legs, arms, neck, and chest. Leg weakness may be most 
noticeable when you get up from a sitting position and try to use the 
large muscles in your thighs. If leg weakness is a problem, ask for 
assistance when using the bathroom or getting up from a chair. Walk 
with another person who can get help should you stumble, or try an 
assistive device, such as a cane or walker. If the chest muscles are af-

deep breaths—especially if you have a history of asthma, emphysema, 
or smoking. Please be sure your doctor is aware of your past medical 

muscles, or for a referral for physical therapy.

Infections: Steroids have a tricky way of masking, or hiding, the 
beginning of an infection in your body. Be alert to anything that just 
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doesn’t seem right. An increase in temperature may be the first, or 
only, sign something is amiss. Because of that, some people on steroids 
take their temperature at the same time every day, regardless of how 
they feel. This is an easy way to keep a baseline check on your good 
health. Additionally, look at your tongue each time you brush your 
teeth—people on steroids are especially prone to yeast infections, or 
thrush, in their mouth. If you notice a thick white coating on your 
tongue, make your nurse or doctor aware.

Some people are prone to developing a certain type of pneumonia 
after they have been on steroids for awhile. Your doctor may start you 
on an antibiotic to prevent this from happening. Bactrim is a drug 
commonly used for this purpose, but please let your doctor know if you 
are allergic to sulfa-based drugs.

While you are on steroids, follow the health precautions used by 
people at higher risk for infection. Wash all fresh fruits and vegetables 
carefully. Wear gloves when using a kitchen knife. Cook meat and 
poultry until well done. Use gardening gloves when working outside. 
Avoid crowds and, in general, avoid sick people.

Call your doctor if:

medical emergency—call for emergency help.

The Next Steps

We hope that the information in this chapter helps you understand 
how these drugs work, and provides the knowledge you need to be more 
comfortable caring for yourself or your family member while they are 
on steroids. As stated, the goal of steroid treatment will be to use the 
minimal amount of medication necessary, and to wean you from the 
medication as soon as practical.
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Regardless of where you are in your treatment, your task is becom-
ing well again. Make appointments for your follow-up doctor visits or 

like to meet others with brain tumors. See friends. Learn about your 
tumor. The information in this chapter is meant to help you communi-
cate better with the people who are caring for you. The purpose is not 
to provide answers; rather, to encourage you to ask questions.
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Section 10.1

Chemotherapy for Brain Tumors
“Chemotherapy,” © 2008 American Brain Tumor 

Association (www.abta.org). Reprinted with permission.

What is chemotherapy?

Chemotherapy is the use of drugs to treat cancer. Chemotherapy 
drugs are typically used to treat malignant or higher grade tumors, 
but may also be used to treat low grade and benign brain tumors.

Why is chemotherapy used?

Most cells in the body are capable of duplicating into two new cells 
when the body needs them. Those two cells double into four, the four into 
eight, and so on. This reproductive process is controlled by a set of inter-
nal switches which tell the body when new cells are needed, and signal 
the body to slow down this process when cells are not needed. If the body 
continues making unneeded cells, or if the new cells are abnormal and 

The goals of chemotherapy are to stop tumor growth by making the 
cells unable to duplicate themselves, or to artificially start the normal 
process of cell death called apoptosis. In normal body organs, apoptosis 
controls the number of cells in our body at any given time. In cancer, 

tumor cells may begin reproducing more rapidly than the number of 
cells dying, leading to overall tumor growth.

Chemotherapy drugs are used to stop this reproductive process or 
to alter the behavior of tumor cells. There are two broad categories of 

cell death, or cytostatic drugs, also called targeted or biologic drugs, 
which prevent cell reproduction.

How does chemotherapy work?

In order for a cell to split itself into two normal cells, the parent cell 
must complete several tasks in a very specific order. This list of  tasks 
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is called the cell cycle. It includes jobs such as making the proteins 
and enzymes needed to fuel the cell’s reproductive process, duplicating 

that DNA into sets—one set for each new cell. Chemotherapy drugs 
can stop cells from starting or completing the cell cycle. Chemotherapy 
drugs that stop cells from starting the process of division are often 
called targeted or biologic agents. These treatments work differently 
than classic chemotherapy which affects the cell during the process 
of cell division.

Some chemotherapy drugs act during specific parts of the cell cycle; 

effective at any time during the cell-cycle; those are called non cell-
cycle specific drugs. Sometimes chemotherapy treatment plans use a 
combination of cell-cycle specific and non-cell cycle specific drugs in 
an attempt to treat a larger number of tumor cells.

When might chemotherapy not be recommended?

There are reasons why chemotherapy might not be suggested as a 
treatment for your tumor.

Not all brain tumors are sensitive to, or respond to chemo-
therapy: If it is known that your type of tumor does not respond to 
chemotherapy, or it becomes resistant to the drug that is being used, 
other treatments can be recommended. Your tumor may be able to be 
removed with surgery alone, or may be sensitive to radiation therapy. 
Some tumors respond to treatment with hormones or drugs that con-

the new biologic therapies.

Chemotherapy affects both normal and tumor cells: Although 
chemotherapy drugs have a greater effect on rapidly reproducing cells, 
such as tumor cells, the drugs cannot always tell the difference be-
tween normal cells and tumor cells. The side effects of chemotherapy 
are really the effects of the chemotherapy drugs on those normal 
cells.

Chemotherapy drugs affect some normal cells to a greater degree 
than others. Cells which turn over or regenerate rapidly are also the 
most vulnerable to side effects. These particularly sensitive areas in-
clude the cells which line the mouth and the gastrointestinal tract. 

are really the shedding of the normal cells lining the mouth. Diarrhea 
occurs because the rapidly reproducing cells of the gastrointestinal 
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(GI) tract are also very sensitive to chemotherapy. Good general health 
prior to starting chemotherapy helps the body heal itself during and 
after chemotherapy, but this healing takes time.

How is chemotherapy given?

Scientists have developed different ways of getting chemotherapy 
drugs to the tumor cells. Some of these methods require the drug to 
spread through the body, via the bloodstream, to the brain—this is 

within or around the tumor—this is called local delivery.

Systemic delivery: Some systemic drugs are given by mouth, 
also called orally. Lomustine (CCNU) and temozolomide (Temodar) 

the blood, cross the blood brain barrier, and into the tumor cells. 
Both CCNU and temozolomide are pills; therefore, they are taken 
orally.

Some systemic drugs are given by injection. Injection routes may 
be into an artery, also called intra-arterial (IA) delivery; into a muscle, 
also called intramuscular (IM) delivery; into a vein, also called in-
travenous (IV) delivery; and into the skin, also called subcutaneous 
(SubQ) delivery.

Local delivery: Some drugs can be placed closer to the tumor, or 
within the areas of tumor growth. The goals of local delivery are to 
avoid delivering drugs throughout the body, and to increase the concen-
tration of drug at the tumor site. The variations in local delivery are: 
into the cavity left by tumor removal (intracavitary delivery); into the 
brain tissue (interstitial delivery): into the space between the meninges 
(intrathecal delivery); into the tumor by use of gravity or controlled 
flow (convection enhanced delivery); into the tumor (intratumoral de-
livery); and into a ventricle (intraventricular delivery).

What type of chemotherapy drugs are used for brain tu-
mors?

Chemotherapy drugs can be generally classified as those that lead 

tumor growth (cytostatic drugs).Within those broad categories, che-
motherapy drugs are then grouped by the way they work, the effect 
they have on tumor cells, and the time in the cells’ lives during which 
they are thought to be most effective.
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Cytotoxic Drugs

Alkylating agents: These drugs work by forming a molecular bond 
in the DNA strands inside tumor cells, which prevents them from 
reproducing. Carboplatin, cisplatin, cyclophosphamide, and temozolo-

a subclass of alkylating agents. They stop tumor cells from repairing 
themselves and thus render them unable to reproduce. Carmustine 
(BCNU) and lomustine (CCNU) are nitrosoureas.

Antimetabolites: These drugs stop tumor cells from making the en-

of an antimetabolite.

Anti-tumor antibiotics: This group of drugs stop the action of enzymes 
needed for cell growth, and may be able to change the environment 

Hormones: These substances may be capable of interfering with tumor 
growth by blocking the production of certain proteins in the tumor cells. 

cancer. In studying the way the drug works, researchers observed that 

the growth of malignant brain tumors. It is a protein kinase C inhibitor.

Mitotic inhibitors: These substances are usually plant-based, natu-
ral substances that interfere with the production of the proteins needed 

-

Steroids: These drugs are used to decrease swelling around the 
-

true, this effect is probably not enough to kill significant numbers of 

(CNS) lymphoma, which is particularly sensitive to steroids. Rather 
than controlling edema, steroids destroy lymphoma tumor cells, but 
they are not a long-term cure for this tumor.

Cytostatic Agents

Drugs aimed at reducing drug resistance: There are enzymes, found 
in normal cells in the body, which if occurring in high concentration 
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may be capable of making a tumor resistant to chemotherapy drugs. 

in clinical trials in the hope of countering this resistance.

Anti-angiogenesis inhibitors: A tumor requires nutrients in order 
to grow; those nutrients make their way to the tumor via an elaborate 
system of blood vessels developed by the tumor to maintain an adequate 
blood supply. The growth of these blood vessels around a tumor is angio-
genesis; interference with their growth is angiogenesis inhibition. Tha-
lidomide, interferon, bevacizumab (Avastin), cilengitide (EMD 121974), 

drugs being tested for their potential in stopping the growth of a tumor’s 
blood supply. Angiogenesis inhibition may be combined with traditional 
chemotherapy drugs in an effort to increase the effectiveness of both.

Growth factor inhibitors: Normal cell growth relies on a delicate bal-
ance of proteins and enzymes in the brain. These growth factors serve 
as food for brain cells, and are simultaneously capable of controlling 
the growth of new cells. Inappropriate levels of growth factors, however, 
may cause the overgrowth of cells and the subsequent development 
of a brain tumor. Tyrosine kinase inhibitors, such as imatinib mesy-
late (Gleevec), and drugs that interfere with growth factor receptors 

cediranib (AZD 2171) are being studied.

What type of treatment schedule can I expect?

The doctor who suggests chemotherapy for your tumor will provide 
you with a treatment plan, or schedule, of the days the drugs will be 
given. Your schedule will be specific to the type of drug(s) recommended 
for your tumor, and may be a different schedule than other people you 
meet who are going through chemotherapy.

A chemotherapy treatment plan may also be based on the purpose 

tumor more sensitive to radiation therapy. They are only used before 
or during radiation.

Some chemotherapy, such as temozolomide, may be started at the 
same time as radiation therapy, then used as a maintenance therapy 
for a while after radiation is completed.

Your treatment schedule may also be impacted by the way your 
body responds to the drugs and the side effects you may have as a 
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chemotherapy include hair loss, nausea and vomiting, diarrhea or 
constipation, fatigue, and lowered blood counts. Biologic agents often 
have side effects that are different than the traditional side effects 

or face, fatigue or sleepiness, hypertension, skin dryness, or bleeding 
with a normal platelet count may occur. It is important to talk to your 
health care team if you are receiving a newer drug, they can tell you 

Blood tests will be done at regular times during your chemotherapy 
treatment to monitor the impact on blood counts. Chemotherapy par-
ticularly affects white blood cells (which fight infection), red blood cells 

blood to clot). It is not unusual for a person’s blood count to be lower 
during treatment, but this does not necessarily alter your treatment 

chemotherapy treatment might be postponed until your blood count 
recovers, but this is ultimately for your benefit.

If your blood cell count begins to drop, ask your nurse at what level 
you should be concerned. If your blood count reaches that level, ask 
for tips on protecting your health until those counts again begin to 
increase. Some simple precautions can help get you back on the road 

with you about being at increased risk, protect yourself from 
infection. Eat a well balanced diet, being careful to thoroughly 
rinse fresh fruits and vegetables, cook meats and poultry until 
well done, stay away from crowds, and rest.

quickly than usual. You may also feel dizzy when changing posi-
tions. When you first wake up, sit on the side of the bed before 
standing. Use caution on stairways. Talk with your nurse about 
ways to manage treatment-related fatigue. Ask your doctor or 
nurse if iron supplements are appropriate for you.

that you are at increased risk of bleeding, you may find that you 
bleed easier or it takes longer to stop your bleeding. Try to avoid 
bumping or bruising yourself. Use an electric razor, take pre-
cautions in the kitchen, and brush your teeth with a soft foam 
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brush. Call your nurse or doctor immediately if your urine or 

or any bleeding such as from the gums or from the nose.

After your doctor outlines your chemotherapy schedule, talk it over 
with your family. Planning can help you address the practicalities of 
being in treatment. Sometimes chemotherapy goes on for a year or more; 

or full-time childcare, pre-prepared meals, frequent rest periods, and 
fewer activities for a couple of days following your treatment can help 
minimize the impact of the chemotherapy schedule on your life.

What other methods are used to deliver chemotherapy 
drugs?

The following represent several other approaches to delivering che-
motherapy. Not all of these are considered standard methods of deliv-
ering drugs, but they do represent innovative ways of bringing drugs 
closer to the tumor. The use of drugs targeted to specific molecular dif-
ferences in tumor cells is rapidly moving forward; the American Brain 
Tumor Association (ABTA) website (www.abta.org) offers updates in 
drug delivery and targeted drug information.

Blood brain barrier disruption: Treating brain tumors with che-
motherapy is different than treating tumors elsewhere in the body. The 
brain has a natural defense system not present in your other organs. 
That system, called the blood brain barrier, protects the brain by acting 
as a filter. This works to our advantage when harmful substances, such 
as certain chemicals or bacteria, are kept out of the brain. It works to 
our disadvantage when substances we want to enter the brain, such 
as chemotherapy drugs, are filtered out.

Some drugs do pass through the blood brain barrier. The drugs 
called nitrosoureas (such as BCNU and CCNU) are such drugs, as 
well as procarbazine and temozolomide (Temodar). Studies continue 

to penetrate this protective barrier.

treating these brain tumors, a sufficient quantity must either pass 
through the blood brain barrier or bypass it entirely. Blood brain bar-
rier disruption is a technique used to temporarily disrupt this barrier 
in order to allow chemotherapy to flow into the brain. During blood 
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brain barrier disruption, a drug called Mannitol is used to temporar-
ily open the barrier. Very high doses of chemotherapy drugs are then 
injected into an artery or a vein. The drug travels through the blood, 
through the blood brain barrier, and into the tumor area. The barrier is 
restored naturally as the effects of the Mannitol wear off. Researchers 
are looking into new ways of opening the barrier, and the most effective 
dose of drug to use once the barrier is open.

Blood-brain barrier disruption has been used mainly to treat pri-
mary central nervous system lymphoma and high-grade astrocytoma 
tumors.

Blood or marrow stem cell transplantation:
common side effects of chemotherapy is damage to the bone marrow—
the part of the body that produces new blood cells. The possibility of 
bone marrow damage limits the amount of drug that can be given.

Doctors can now preserve immature blood cells, called stem cells, 
and give them back to the patient following their chemotherapy. This 
procedure is called a stem cell transplant. An autologous transplant 
means the patient’s own stem cells will be used. An allogenic trans-
plant uses stem cells from a donor.

Prior to chemotherapy, stem cells are collected, or harvested, from 
the donor’s circulating blood. They can also be collected from the pelvic 
bone; however, the use of blood instead of bone marrow is becoming 

-
-

mental.
-

sive course of chemotherapy is administered over several days. After 
therapy is complete, the stem cells are given to the patient through an 

to mature and reproduce, re-supplying the body with healthy blood 
cells. Drugs are given to suppress the body’s tendency to reject the 
new cells, and growth factors can be used to boost the growth rate of 
the new cells.

Because of the possibility of the body rejecting the new stem cells 
and the risks of intensive chemotherapy, stem cell and bone marrow 
transplantation is used only in select circumstances. Transplantations 

team. The team can assist with donor matching, supportive counseling, 
family member housing during treatment, and financial counseling.

Comprehensive resources and information on transplant centers 
are available from:
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Bone Marrow Transplantation (BMT) Network
2310 Skokie Valley Road, Suite 107

Phone: 847-433-3313

E-mail: help@bmtinfonet.org

Those seeking a donor, or those wishing to donate stem cells or mar-
row, can register with:

National Marrow Donor’s Registry Program
3001 Broadway St. NE, Suite 100
Minneapolis, MN 55413

Phone: 612-627-8140

E-mail: patientinfo@nmdp.org

Convection enhanced delivery (CED): -
ods of delivering drugs to a tumor, CED uses the principles of constant 
pressure to flow or infuse substances through brain tumor tissue. The 
procedure begins with surgery, during which a catheter (or multiple 
catheters, depending on the tumor size) is placed into the tumor area. 
The neurosurgeon then connects a pump-like device to the catheter, 
filling it with the therapeutic substance to be delivered to the tumor. 
The fluid flows, by use of pressure and gravity, through the tumor tis-
sue. This bulk flow or convective-delivery method bypasses the blood 
brain barrier, placing the therapeutic substance in direct contact with 
tumor tissue.

-
tibodies at the tumor site.

As this technique is developing, researchers are simultaneously 

brain. Those tracers can be viewed on a magnetic resonance imaging 
(MRI) scan performed during CED, and may allow real-time observa-
tions of the movement of therapeutic substances in and around the 
tumor. Research is also underway to predict the flow pattern that will 
occur after catheter placement.

High dose chemotherapy: Some scientists believe that higher 
doses of chemotherapy drugs may cross the blood brain barrier more 
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effectively than lower drug doses spread over a longer treatment pe-

doses of chemotherapy drug, followed by an antidote which reverses 

often used for high-dose chemotherapy, and Leucovorin is the most 
common antidote. This technique has been offered to those with pri-
mary central nervous system lymphomas or high-grade astrocytomas. 
It is sometimes combined with a stem cell transplant.

Intracavity/polymer wafer implants/interstitial therapies:
When treatment is delivered into the cavity created by the removal 
of the tumor, it is known as intracavitary (inside the cavity) therapy. 

implants placed during surgery. These techniques have the potential 
advantage of reducing the amount of drug affecting normal cells in 
the brain and throughout the body, and increasing the amount of drug 
reaching tumor cells.

Surgery is typically performed to remove as much of the tumor 
as possible, but because the cells of a malignant tumor may spread 
into the surrounding brain tissue, additional therapy may be needed. 
Placing polymer wafer implants soaked in the chemotherapy drug 
carmustine (BCNU) on the walls of the resection releases the chemo-
therapy into the local region. The wafer implants, also called Gliadel, 
limit the amount of BCNU that circulates through the body. Your neu-
rosurgeon will place up to eight wafers into cavity, based on the size of 
the removed tumor. The wafers are implanted immediately after the 
tumor is removed, adding only a few additional minutes to the surgical 
procedure. The neurosurgeon then surgically closes the area, leaving 

dissolve, BCNU is released. While the rate that the wafers dissolve 

wafers are gone within three weeks of placement at the tumor site. All 
of the chemotherapy has been released by that time. It is usually not 
necessary to remove the wafers since they are biodegradable.

Reservoirs and pumps: Chemotherapy can also be delivered 
directly into the fluid that bathes the brain and spinal cord—the ce-
rebrospinal fluid. This treatment is used for leptomeningeal tumors 
involving the ventricles or spine, and tumors that tend to seed, or 

Reservoir, is surgically placed under the scalp. A tube leads from the 
reservoir into a ventricle of the brain.
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Medications are injected via syringe into the reservoir and then 
the reservoir is flushed with either saline for cerebrospinal fluid. The 
flushing begins the flow of drug through the ventricles and lining of 
the spine. Chemotherapy administered this way can be repeated on a 
regular schedule.

Where is drug research headed?

the mainstays of brain tumor treatment. Today, however, physicians 
and scientists are virtually changing the world of brain tumor treat-
ment, most notably through targeted treatments—those aimed at 
specific parts or functions of tumor cells. The goal is to interfere with 
and redirect the way those cell functions normally work.

Scientists now know that tumors with the same appearance under 

A and Tumor B are both glioblastomas per their pathology reports. Bio-
logically, however, Tumor A may be producing more proteins or fewer 

people with the same type of tumor (such as glioblastoma) may react 
differently to treatment, and have very different outcomes. This new 
knowledge is helping researchers to create therapies that target the 
biologic markers on the surface of tumor cells or the genetic material 
inside the tumor cells. As a result, a new world of innovative drugs, im-
mune therapies, and drug delivery systems is emerging. These thera-
pies use altered genes, engineered viruses, and drugs packaged into 
molecules too small to be seen with microscopes.

Targeted therapies: Some of the newest drugs block the growth 
and spread of tumor cells by interfering with the proteins that may 

-
teins that can locate and bind to the surface of tumor cells. There 

the normal work of the tumor cells, leaving tumor cells incapable of 
reproducing.

Bevacizumab, also known as Avastin, is a monoclonal antibody that 

a protein capable of controlling the blood supply to a tumor. While 
Avastin has been successfully used to treat some colorectal and lung 
cancers, clinical trials show it may slow or stop tumor growth in some 
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with temozolomide, irinotecan (CPT11), or other drugs that may in-
crease the treatment’s effectiveness.

Separate research is studying the role of another protein called 

research seeks to learn if a drug called 06 benzylguanine (06BG), given 
prior to, or with chemotherapy, can interfere with MGMT to make 

-

chemotherapy, the dose-dense schedule, will reduce MGMT activity 
and restore chemosensitivity.

In some brain tumors, several cell-growth switches may be simul-
taneously overactive, thus requiring multiple drugs to stop tumor 
growth. These switches, formed by molecules called receptor tyrosine 
kinases (RTK), are often mutated and hyperactive in tumor cells. A 
number of RTK-blocking drugs are being tested in brain tumors, in-
cluding imatinib mesylate (Gleevec) and erlotinib (Tarceva).

There are many other targeted drugs now being tested against 

National Cancer Institute’s Cancer Information Service toll-free at 
800-422-6237.

New drug delivery systems:

where the borders are, and how to successfully reach the site through 

location of a tumor, and administer precise treatment.
-

rials are being developed for use as implants containing anticancer 
drugs. When the anticancer drug camptothecin (CPT) is linked to the 
polymer polyethylene glycol (PEG), the drug penetrates more than 
one centimeter into the drug implant site (ten times deeper than con-
ventional medications).

Studies are being done on nano-bubbles delivering the chemother-

to ultrasound, the bubbles generate an echo allowing the tumor to be 
imaged. The sound energy from the ultrasound then pops the bubbles 
and releases the drug.

Treatments of tomorrow: These innovative therapies represent 
the efforts of thousands of scientists, all focused on finding a cure for 
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brain tumors. In the not too distant future, even more sophisticated 
scanning will visualize the DNA and ribonucleic acid (RNA) inside 
tumor cells. We are at the cusp of finding brain tumor treatments spe-
cific to the biology of each tumor. Treatment will be personalized not 
to groups of people, but to your own individual genetic makeup.

What side effects might I experience from chemotherapy?

The side effects of chemotherapy are specific to the drug, or drugs, 
being used. When your doctor outlines a treatment plan for you, ask 

-
lowing are the more commonly used brain tumor drugs and some of 
their side effects. Your health care team can talk with you about the 
chances of these effects occurring based on your treatment plan, and 
how to care for yourself while taking these drugs.

Bevacizumab (Avastin) alone: Delayed wound healing, high 
-

ache. When given in combination with a traditional chemotherapy 
drug, other symptoms such as decreased immune function, weakness, 
fatigue, stomach pain, nausea and vomiting, loss of appetite, upper 

-
tion, hair loss, and mouth sores may occur. Bevacizumab may cause 
the effects of chemotherapy on your blood and bone marrow to be 

common side effects may include dizziness, shortness of breath, and 
muscle pain. Rare but serious side effects associated with bevacizumab 
include: holes in the esophagus and gastrointestinal tract, sudden 
bleeding at the tumor site, kidney damage, a severe increase in blood 
pressure possibly leading to a stroke, and heart failure.

Carboplatin: Nausea and vomiting, bleeding, lowered white cell 
counts, lowered red cell counts, numbness or tingling in the hands 
and feet, hair loss.

Carmustine given intravenously (BCNU, BiCNU):
pain at the injection site, nausea and vomiting, lowered white cell 
count, lowered red cell count, bleeding, hair loss, diarrhea, confusion, 
breathing problems, lowered blood pressure, and mouth and throat 
sores. When administered in polymer wafer implants (Gliadel), side 

increased swelling in the brain. Less common, more serious side effects 
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include seizures, brain edema (swelling), wound infection, partial pa-
ralysis (hemiplegia), and language difficulty (aphasia).

Cilengitide (EMD121974):
drowsiness, loss of appetite, intestinal cramps, mouth sores, altered 
taste sensations, headache, body ache, vision changes, arm and leg 
swelling, shortness of breath, coughing, rash, itching, lowered white 
cell count, lowered platelet count, and kidney damage.

Cisplatin (Platinol): -
ney damage, lowered white cell count, lowered red cell count, bleeding, 
numbness or tingling in the hands and feet, foot drop, metallic taste 
to food, and appetite changes.

Etoposide (VP-16): Lowered red cell count, bleeding, lowered white 
cell count, nausea and vomiting, constipation, decreased blood pressure, 
hair loss, fatigue, mouth and throat sores, and decreased appetite.

Hydroxyurea (Hydrea): Lowered white cell count, bleeding, low-
ered red cell count, nausea and vomiting, diarrhea, constipation, rash, 
itching, fatigue, mouth sores, decreased appetite.

Irinotecan
stool and urine color, heartburn, indigestion, nausea and vomiting, red-
ness, numbness or tingling sensations in the hands or feet, dizziness, 
skin rash, drowsiness, low blood counts, hair loss, and sleeplessness.

Lomustine (CCNU): Nausea and vomiting, lowered white cell 
count, bleeding, mouth sores, hair loss, and lowered red cell count.

Methotrexate (MTX): Mouth sores, lowered white cell count, nau-
sea and vomiting, diarrhea, lowered red cell count, bleeding, fatigue, 
darkening of the skin, hypersensitivity to sun, liver damage, kidney 
damage, and decreased appetite.

Procarbazine (Matulane): Nausea and vomiting, confusion, 
numbness or tingling in the feet and hands, hair loss, depression, 
nervousness, sleeplessness, appetite changes, lowered white cell count, 
bleeding, lowered red cell count, muscle aches, fatigue, alcohol intoler-
ance (severe nausea and vomiting if alcoholic beverages are drunk), 
reactions to food with high-tyramine content (see your doctor for a list 
of foods to be avoided), and darkened skin color.
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Tamoxifen (Nolvadex): -
pause symptoms, blurred vision, increased fertility (talk with your 
doctor about this), vaginal discharge, blood clots, temporary memory 
loss, and increased risk of uterine cancer with long-term use.

Temozolomide (Temodar): Nausea and vomiting, headache, fa-
tigue, seizures, constipation, diarrhea, weakness, bleeding, lowered 
white cell count, lowered platelet counts, and anemia.

Vincristine (Oncovin): Numbness or tingling of the hands and 
feet, constipation, nausea and vomiting, vision changes, light sensitiv-
ity, depression, drowsiness, confusion, hoarseness, mouth sores, fatigue, 
hair loss, muscle weakness, problems urinating, and jaw pain.

Are there ways to manage some of the common side effects 
of chemotherapy?

The nurses on your health care team can give you helpful tips, 
practical information, and put you in touch with resources to help you 

type of information available to you as you move through treatment. 
Reaching out for these resources can help you better control possible 
treatment effects, and help you feel your best through, and beyond, 
treatment. Whether you are being treated in a hospital setting, out-
patient clinic, or at home, your nurses can help. Just ask.

In addition, the American Brain Tumor Association (ABTA) social 
workers can help you find wigs, hair accessories, home care services, 
patient and caregiver support networks. A series of articles, titled 
“Becoming Well Again,” can help you and your family understand the 
assistance offered to you through rehabilitative medicine programs, 
memory retraining, physical and occupational therapy services, and 
much more. ABTA social workers can be reached at 800-886-2282 or 
by e-mail to socialwork@abta.org.

Vomiting: -
ing. Remarkable advances have been made in the development of a new 
generation of drugs called anti-emetics, which control this effect. Prior 
to starting treatment, ask your health care team if the drug prescribed 
for you will cause nausea or vomiting. If so, be sure you are provided 
with an anti-emetic plan specific to the chemotherapy drugs you will 
be given. There are both preventive drugs that can control vomiting 
before it starts, and drugs that can be used if you are already nauseated 
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or actively vomiting. Be sure to follow the instructions carefully. Some 
anti-emetic drugs must be started before the chemotherapy drug is 
given and continued for two or three days after the chemotherapy. Some 
anti-emetic drugs are given by mouth, some by injection, and some by 
suppository (rectally). Be sure you understand how you are to use the 
drugs, and try not to miss a dose. If you have any questions about your 
anti-emetic plan, please call the nurse who oversees your chemotherapy 
drugs or talk with your doctor.

Diarrhea: Chemotherapy-related diarrhea may occur when drugs 
used to treat the tumor irritate the lining of the gastrointestinal tract. 
That irritation may cause your intestines to absorb fluids more slowly 
than they usually would, and thus, diarrhea occurs. While you have 
diarrhea, avoid high-fiber foods and foods that can irritate the bowel 
such as bran, whole grain breads, fried foods, fruit juices, milk products, 
and coffee. Until the diarrhea slows try a diet of bananas, applesauce, 
toast, and clear liquids. Drink plenty of fluids to prevent becoming 
dehydrated. Your nurses and doctors can also suggest medications to 
slow the diarrhea, but do not use over-the-counter medications without 
first talking with your health care professionals.

Fatigue: The most common side effect of chemotherapy is fatigue; 

-
perienced in the past. Treatment-related fatigue is severe, persistent, 
and does not always follow physical activity. It can be unpredictable 
and emotionally overwhelming. Most telling, it isn’t fully relieved by 

-
rologic symptoms as a result of the tumor, the fatigue may make these 
symptoms more severe. The first step in managing fatigue is letting 

your symptoms. Your health care team can check to be sure that this 
is treatment-related fatigue, and verify there are no other underlying 

talk with you about ways to manage your fatigue and lessen it’s impact 
on your quality of life.

Fertility and fetal injury: -
tility and the ability to start a future family must be addressed in advance 
of your first chemotherapy treatment. The drugs used for chemotherapy 
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may cause damage to an unborn fetus, damage to a child conceived during 
chemotherapy, or damage to a child conceived within the first two years 

carry a greater chance of fetal injury than others.
There are many options for saving eggs and sperm, and for oth-

reached via their web site at www.fertilehope.org.

What are the potential benefits of chemotherapy?

The ultimate goal of chemotherapy is to kill tumor cells, or mini-
mally, to stop their growth. Sometimes the intent is to shrink a tumor 
so that it can be further treated or removed. Chemotherapy may also 
be used to make a tumor more sensitive to other treatments such as 
radiation therapy.

There are many benefits that can result from chemotherapy alone, 
or when combined with other treatments such as surgery or radiation. 

also help you balance the potential risks of therapy against the ben-
efits, helping you make an informed decision about your care.

What are the potential risks of chemotherapy?

Chemotherapy, like any treatment, carries risks. Some of these are 
the more common side effects already discussed; others are rarer and 
do not apply to everyone going through chemotherapy. Those rarer 
risks include interactions with other drugs, infertility, damage to an 
unborn fetus, seizures, weakness, balance or coordination difficulties, 
memory or cognitive problems, brain swelling, damage to other internal 
organs, stroke, or very rarely, coma or death. Some forms of chemo-
therapy may possibly prevent your future participation in research 
studies; your doctor can tell you if the drug or treatment methods sug-
gested for you fall into this area. Ask your doctor and nurses to help 
you balance the risks against the potential benefits.

How will we know if the chemotherapy is effective?

At periodic intervals, your doctor will order follow-up magnetic 
resonance imaging (MRI) or computed tomography (CT) scans to be 
done while you are going through chemotherapy and for a year or two 
after. It may take a few rounds of chemotherapy, however, before the 
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size of your tumor begins to look smaller on your scans. Sometimes 
the reduction in tumor size is very dramatic and happens quickly; 
sometimes it takes a few months. If your tumor size does not reduce 
as much as your doctor might like, there are other drugs and other 
treatments that may be chosen as alternatives.

How long will it take me to recover from chemotherapy?

Any treatment is a trauma to your body. Because we each heal at 
our own pace, some people will recover faster than others. While there 
is no normal recovery period that applies to all people, your recovery 
time will depend on the drug(s) used to treat your brain tumor; the 

general health.
Ask your doctor to consider your treatment plan and your general 

recovery time. This will help you set realistic goals for yourself in the 
weeks following chemotherapy.

The Next Steps

for their tumor. You may now be moving on to another treatment, or 
you may be starting a new normal part of your life with brain tumor 
treatment behind you. Regardless of your prior treatment history, 
concluding your chemotherapy treatment can be an emotional time. 

These are all normal responses to a significant change in your life.
Regardless of where you are in your treatment, your task now is 

becoming well again. Make appointments for your follow-up doctor 
visits or scans and mark them on your calendar. Seek out support 
services if you feel they would be of help in this transitional period of 
your life. See friends. Learn about your tumor. The ABTA website at 

-
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Section 10.2

Chemobrain

for Chemobrain,” National Cancer Institute (NCI), March 24, 2009; and 

August 2008.

Possible Mechanisms for Chemobrain

Classic symptoms of chemobrain—cognitive changes associated 
-

ficulties with concentration, memory, multi-tasking, and planning abil-
ity. These changes usually first become apparent during chemotherapy 

treatment has ended. Although chemobrain was first identified and 
named by breast cancer survivors, research now suggests that the same 
constellation of symptoms also affects survivors of other cancers. Early 
studies of patients’ cognitive functioning after chemotherapy estimated 
that the number of survivors with chemotherapy-associated cognitive 

cancer patients’ cognitive functioning both before and after chemo-
therapy, however, they were surprised to find that before undergoing 

studies have consistently shown similar findings.

Increased vulnerability: Studies using functional magnetic reso-
nance imaging (fMRI) have identified structural brain abnormalities in 
patients treated with chemotherapy. In a study using positron emission 
tomography (PET) imaging, breast cancer survivors who had received 
chemotherapy in the previous 5–10 years used more of their brains 
to perform a short-term memory task than control subjects who had 
never received chemotherapy, a sign that their brains are having to 
work harder to complete the task.

Dr. Patricia Ganz and her colleagues at University of California–
Los Angeles (UCLA) Jonsson Comprehensive Cancer Center suspect 
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that uncontrolled inflammation may be a cause of chemobrain. “Many 
of the patients in our breast cancer survivorship program who have 
cognitive complaints also have fatigue, sleep disturbance, or depres-

regulate the immune system render some patients more vulnerable 
to this constellation of symptoms.”

Many cancer treatments, including surgery, radiation, chemother-
apy, and immunotherapy, can increase inflammation, Dr. Ganz added, 
which may not resolve after treatment ends. “We have found that 
post-treatment fatigue is associated with specific single nucleotide 
polymorphisms in genes that code for interleukin-1 and interleukin-6, 
two cell-signaling molecules associated with both inflammation and 

whether disruption in immune regulation is also involved in the de-
velopment of cognitive complaints.”

Managing Memory Changes

You or a family member should call your doctor or nurse if you feel 
confused, very sad, or depressed, or if you have a hard time thinking 
or remembering things. Your doctor will work to find out what is caus-
ing these problems. They may be caused by stress or a medicine you 

other health problems.

Tips for Dealing with Memory Changes

you feel best.

-
cines.
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-
cines and clinic visits.

home alone.

Section 10.3

Questions about Chemotherapy Treatments

National Cancer Institute (NCI), May 2007.

Chemotherapy (also called chemo) is a type of cancer treatment that 
uses drugs to destroy cancer cells. Chemotherapy works by stopping or 
slowing the growth of cancer cells, which grow and divide quickly. But 
it can also harm healthy cells that divide quickly, such as those that 
line your mouth and intestines or cause your hair to grow. Damage to 

go away after chemotherapy is over.

What does chemotherapy do?

Depending on your type of cancer and how advanced it is, chemo-
therapy can cure cancer, control cancer, or ease cancer symptoms.

How is chemotherapy used?

Sometimes, chemotherapy is used as the only cancer treatment. 
But more often, you will get chemotherapy along with surgery, radia-
tion therapy, or biological therapy. Chemotherapy can make a tumor 
smaller before surgery or radiation therapy; destroy cancer cells after 
surgery or radiation therapy; help other therapy to work better; and 
destroy cancer cells that have returned or spread.

How does my doctor decide which chemotherapy drugs to use?

This choice depends on the type of cancer you have. Some types of 
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are used for just one or two types of cancer. It also depends on whether 
you have had chemotherapy before; and whether you have other health 
problems, such as diabetes or heart disease.

How often will I receive chemotherapy?

and how long you get chemotherapy depends on your type of can-
cer and how advanced it is; the goals of treatment (whether chemo-
therapy is used to cure your cancer, control its growth, or ease the 
symptoms); the type of chemotherapy; and how your body reacts to 
chemotherapy.

You may receive chemotherapy in cycles. A cycle is a period of che-

might receive one week of chemotherapy followed by three weeks of 
rest. These four weeks make up one cycle. The rest period gives your 
body a chance to build new healthy cells.

Can I miss a dose of chemotherapy?

It is not good to skip a chemotherapy treatment. But sometimes 
your doctor or nurse may change your chemotherapy schedule. This 
can be due to side effects you are having. If this happens, your doctor 

How is chemotherapy given?

Chemotherapy may be given in many ways including: injection, 
intra-arterial (IA), intraperitoneal (IP)—into the area that contains 
organs such as your intestines, stomach, liver, and ovaries; intravenous 
(IV); topically; and orally. 

Can I work during chemotherapy?

Many people can work during chemotherapy, as long as they match 
their schedule to how they feel. Whether or not you can work may 
depend on what kind of work you do. If your job allows, you may want 
to see if you can work part-time or work from home on days you do 
not feel well.

Many employers are required by law to change your work schedule 
to meet your needs during cancer treatment. Talk with your employer 
about ways to adjust your work during chemotherapy. You can learn 
more about these laws by talking with a social worker. 
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Can I take over-the-counter and prescription drugs while I 
get chemotherapy? 

This depends on the type of chemotherapy you get and the other 
types of drugs you plan to take. Take only drugs that are approved by 
your doctor or nurse. Tell your doctor or nurse about all the over-the-

medicines, cold medicines, pain relievers, aspirin, and ibuprofen. Talk 
to your doctor or nurse before you take any over-the-counter or pre-
scription drugs, vitamins, minerals, dietary supplements, or herbs. 

Can I take vitamins, minerals, dietary supplements, or 
herbs while I get chemotherapy?

this reason, it is important to tell your doctor or nurse about all the 
vitamins, minerals, dietary supplements, and herbs that you take 
before you start chemotherapy. During chemotherapy, talk with your 
doctor before you take any of these products.

How will I know if my chemotherapy is working?

You cannot tell if chemotherapy is working based on its side effects. 
Some people think that severe side effects mean that chemotherapy is 

working. The truth is that side effects have nothing to do with how 
well chemotherapy is fighting your cancer.
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Section 11.1

Conventional Radiation Therapy
“Conventional Radiation Therapy,” © 2009 American Brain 

Tumor Association (www.abta.org). Reprinted with permission.

Why do I need radiation treatments?

The goal of radiation is to destroy or stop brain tumor growth. Radia-
tion success depends on several factors: the type of tumor being treated 
(some are more sensitive to radiation than others) and the size of the 
tumor (smaller tumors are usually more treatable than larger ones).

Some tumors are so sensitive to radiation that radiation therapy 
may be the only necessary treatment. Radiation can be used after a 
biopsy, or following partial or complete removal of a brain tumor. When 
a tumor is surgically removed, some microscopic tumor cells may re-
main. Radiation attempts to destroy these remaining cells.

Radiation is also used to treat inoperable tumors and tumors that 
have spread to the brain from another part of the body (metastatic 

tumors from developing. This type of preventative therapy is called 
prophylactic radiation, and is most often suggested for people with 
small-cell lung cancer.

Sometimes the purpose of radiation therapy is to relieve symptoms 
rather than to eliminate the tumor. This is called palliative radiation.

Before you or your family member begins radiation treatments, 
you will meet a doctor—a radiation oncologist—who will plan your 
therapy. A radiation oncologist is a physician with advanced, special-
ized training in the use of radiation as a treatment for disease. When 
you meet with the radiation oncologist, ask what the goals are for your 
treatment plan. This is also your opportunity to ask questions about 
the treatment itself so you understand the recommendations made by 
your radiation oncologist.

How does radiation work?

tumor cells directly or interferes with their ability to grow. Radiation 
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doses of radiation, healthy cells repair themselves more quickly and 
completely than tumor cells. As the radiation treatments continue, an 
increasing number of tumor cells die. The tumor shrinks as the dead 
cells are broken down and disposed of by the immune system.

Like any organ in the body, normal brain tissue can tolerate only a 
limited amount of radiation. And different brain tumors require differ-
ent amounts of radiation to cure or control them. Sometimes a form of 
local radiation may be used in addition to, or following, conventional 
radiation. That is called a radiation boost.

Radiation therapy may be given before, during, or after chemo-
therapy, or with drugs that make tumor cells more sensitive to the 
radiation (radiosensitizers). In infants and young children, chemo-
therapy may be used to delay radiation therapy until the developing 
brain is more mature.

What happens before treatment begins?

including the operative reports, pathology reports, and imaging stud-
ies such as computed tomography (CT) or magnetic resonance imag-
ing (MRI) scans. The type and location of the tumor is determined 
from your records. The radiation oncologist then decides on the 
radiation target area and the amount of radiation that area should 
receive.

The area to be radiated usually includes the tumor and an area 
surrounding the tumor. This is because some brain tumors have roots 

a metastatic tumor, radiation may be given to the entire brain. If the 
tumor has spread to the spinal cord, or if there is a high risk of this 
type of spread, the spine might be radiated as well.

avoid as much healthy tissue as possible, the radiation may be directed 
from several different angles. Computers are used to help shape and 
direct the radiation beams. The radiation oncologist will usually re-
quire a CT or MRI to assist with the treatment planning process and 
to confirm the target area.

two planning sessions (called simulations) are required. Each session 
will last between thirty minutes and two hours. Special marks will be 
placed on your skin, or you may be fitted for a face mask designed to 
help hold your head still. The marks and face mask help insure the 
accurate position of your head for the radiation treatment.
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You also will have the opportunity to meet with the radiation oncolo-
gist before your treatments begin. Use that time to ask any questions 
you still have. You might want to discuss the benefits and risks of the 
treatment. Managing potential side effects during or after treatment 
is another common area of concern. Make sure you have a clear idea 
of who to call, the number, and when that call should be made if some-
thing unusual occurs between treatment sessions.

Before starting your treatments, be sure to let the radiation oncolo-
gist know about all the medications you are taking. Also, if you are 

with you so the doctor can see the products and the amounts you are 

radiation therapy.

radiation technologists called radiation therapists will actually operate 
the treatment equipment. They administer the prescribed treatments 
under the doctor’s supervision.

What happens during treatment?

Radiation therapy is usually given on an outpatient basis. Unless 
radiation is to be delivered to the spine, you won’t have to remove 
or change your clothes for treatment. The total procedure—checking 
into the radiation department, waiting your turn, and receiving treat-
ment—should take between ten and twenty minutes. The treatment 
itself takes just a few minutes.

The session takes place in a specially designed room which houses 
the treatment machinery (a linear accelerator, or linac). The radiation 
equipment is very large. The therapist will help you onto the table used 
for the treatment and position you. The radiation machine will then 
be directed to rest above, below, or to the side of you.

Your therapist will leave the room prior to the actual treatment 

you’ll be seen and heard on a closed-circuit television monitor. Even 
though you seem to be alone, you’re still in close contact. If you need 
help, just speak up.

Radiation treatments are painless and feel no different than get-

the treatment, a few people notice an unusual smell or see flashes of 
light even when their eyes are closed. That is normal. You will need 
to remain perfectly still until the session is over. Special equipment 
or medication can help infants and young children stay still. During 
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the treatment you may hear a gentle humming noise which is made 
by the treatment machine. Sometimes, the therapist will come in and 
out of the treatment room, usually to reposition you or the treatment 
equipment.

A typical schedule for radiation therapy consists of one treatment 

-
ule to you.

You are not radioactive during or after this type of radiation ther-
apy. The radiation is active only while the machine is on. There is no 
need to take any special precautions for the safety of others.

When will I see the results of therapy?

Tumor cells damaged by radiation cannot reproduce normally. Tu-
mor cells that are unable to reproduce die over a period of weeks to 
months. During that time, the brain works to clear away those dead or 
dying tumor cells. This may cause swelling in the area of the tumor.

The best way to measure the effects of radiation is by a CT or MRI 
scan. An initial follow-up scan is usually planned for one to three 
months following treatment unless there is some reason to perform 
one sooner. Scans taken during this time can be confusing because the 
dying or dead cells are often accompanied by brain swelling, resulting 
in the mass appearing larger than the original tumor when scanned. 
And, that mass may cause symptoms similar to the original tumor.

If your post-treatment scans do not show shrinkage immediately, 
don’t be disappointed. It often takes several months or more before 
your scans show the real results of treatment, and sometimes the scan 
does not look improved because the tumor is replaced by scar tissue.

Your symptoms may fade as your tumor shrinks. Sometimes they 
disappear completely. But some effects may continue even if your brain 
tumor is cured. Some symptoms, whether related to the tumor or its 
treatments, may not resolve. Your doctor can discuss this possibility 
with you.

What are some of the common side effects?

Most people have some side effects from radiation therapy. The 
immediate or short-term effects tend to be manageable discomforts 
rather than pain or serious problems. Knowing about these in advance 

schedule.
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Fatigue: -

unusually tired a few weeks into treatment, and this may last weeks 
or even several months after treatment has ended.

Make a plan to conserve your energy, but don’t become inactive. Do 
what you must at the time of day you feel best. Ask family and neigh-
bors to help with routine jobs such as laundry, grocery shopping, or car 
pools. Can you work shorter hours while you are in treatment? Can 
you do some of your work at home? Plan easy meals using prepared 
foods or rely on frequent, nutritious snacks.

probably begin feeling better, but be patient. It can be a long time (as 

Hair loss: About two weeks into treatment you may start to lose the 

of radiation, the area radiated, and the use of other treatments such 

effect, and if it is likely to be permanent or temporary.
If the loss is temporary, hair regrowth usually begins about 2–3 

of the regrowth may occur. Attractive scarves (some even have bangs 
sewn onto them) or caps can help.

Skin changes: You may notice changes in your skin over the area 
being treated. It may be reddened, darkened, itchy, or appear sun-
burned. It’s important not to scratch or rub these spots. If your ears are 
in the path of the radiation beams, they may become sore and reddened 
inside and out. You may have difficulty with your hearing, due to fluid 
collecting in your middle ear. Do not treat any of these symptoms by 

counter lotions can make the situation worse; use only products your 
doctors or nurses suggest. Avoid anything that causes irritation to the 
area being radiated. Do not use heating pads or ice packs during this 
time. Stay out of the direct sun, or keep your head covered if you have 
any skin problems or are taking a radiosensitizing drug.

Swelling/edema: Edema (brain swelling) is another common, usu-
ally temporary side effect of radiation therapy. The edema can cause 
an increase in your brain tumor symptoms. Steroids are medications 
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used to help reduce that swelling. The medications may be given to 
you during and for a while after your treatments.

oids. Never abruptly discontinue steroid medications. When they are 
no longer needed, your doctor will give you instructions for tapering 
or slowly reducing the steroids. This process allows your body time to 
slowly begin making its own natural steroids again.

irritation which may occur with steroid use. Taking the steroids with 
meals can also help reduce this side-effect. Some people who take 

gain which often is most apparent in the face and abdomen. Your facial 
appearance and body shape will return to baseline once the steroids 
are discontinued, but it will take several months.

Nervousness or difficulty sleeping can be a side effect of steroids. 
Your doctor may prescribe a medication to calm you or help you sleep. 
Some people who take steroids develop a yeast infection in their mouth. 
If this occurs, you’ll notice a sore mouth or throat, possibly with fruity 
smelling breath. Yeast infections are easily treated with medication. 

frequent urination—common symptoms of diabetes—let your doctor 
know immediately. Also, people who take steroids for more than a 
month may notice a weakness in their legs. This may be noticed when 
they try to stand from a sitting position, or when they get up from the 
bed or the toilet. This symptom will disappear once the steroids are 
discontinued, although it may take several weeks to months for one’s 
strength to completely return.

Nausea: Sometimes, people feel sick to their stomach following 
their radiation treatment especially if they are receiving chemotherapy 
at the same time. There are medications, called antiemetics, which 
help control nausea. These medicines are generally taken prior to, 
and sometimes after, your treatments. It’s important to let your doc-
tor or nurse know if you feel nauseated so they can help you manage 
this symptom. If for any reason the first antiemetic medication does 

medication combinations can be tried until a treatment is found that 
works best for you.

-
tein and calories to keep your immune system healthy and to heal 
the effects of radiation. Ask your doctor for a referral to the dietician 
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or nutritionist at the hospital. She or he can determine your personal 
nutrition needs, and help you with personalized dietary counseling. 
If you choose to look for nutrition services outside of the hospital, be 
sure to seek a licensed and registered professional.

Sexual effects:
Again, this is a normal—and temporary—side effect of therapy. The 
fatigue of treatment, as well as the conscious and unconscious stress 
associated with having a brain tumor, can cause this effect in both 

often return to normal after treatment. (Also, don’t be surprised if 

interests.)

Blood clots:
as one in three people with a brain tumor may develop a blood clot. 
Most often, the clot develops in one leg, causing swelling of the foot, 

you develop these symptoms, call your doctor immediately. A special 
test called a Doppler study can be performed. If a clot is seen, blood 
thinners can be prescribed to dissolve the clot and prevent it from 
travelling into the lungs.

Because people who have a brain tumor tend to have blood clots 
more often than people who do not have a brain tumor, it is impor-
tant that your doctor be aware of all the medications you are using. 
This includes over-the-counter drugs, herbs, vitamin supplements, and 

one pharmacy can also help avoid drug interactions that can make 
clotting problems worse.

Other effects: Radiation therapy may have intermediate and long-
term effects. Information about those effects should be obtained from 
your doctor who can help you weigh the benefits of the treatment 
against the risks involved. If you have any questions, or notice any 
changes you think are important or worrisome, call your doctor or the 
radiation department at the hospital.

When the Treatments Are Over

treatments end. The frequent appointments for therapy stop and ap-
pointments for follow-up care become further apart. The pace slows, 



153

Radiation Therapy

and another period of adjustment begins. It is a time when it becomes 
difficult to do nothing after having done so much.

Your task now is becoming well again. Make appointments for your 
follow-up doctor visits or scans and mark them on your calendar. Begin 

by your health care team. Get out—go to the movies, visit museums. 

See friends. Be very good to yourself! You deserve it. But be patient—
getting well takes time.

Section 11.2

Stereotactic Radiosurgery
“Stereotactic Radiosurgery,” © 2007 American Brain 

Tumor Association (www.abta.org). Reprinted with permission.

What is stereotactic radiosurgery?

Stereotactic radiosurgery is a special form of radiation therapy—it 
is not surgery. Stereotactic radiosurgery allows precisely focused, high 

It is used to treat small brain and spinal cord tumors (both benign and 
malignant); blood vessel abnormalities in the brain; defined areas of 
cancer; certain small tumors in the lungs and liver; and neurologic 
problems such as movement disorders. In this section, we address 
radiosurgery only as used for brain tumors.

What is radiation therapy?

The radiation treatments used for brain tumors are very similar to 
the radiation you know as a treatment for cancer in other parts of the 
body. When radiation is used to treat brain tumors, the goal is to slow 
or arrest the tumor growth. Radiation either kills tumor cells directly
or it interferes with their ability to grow. Radiation is not completely 
selective, however. It can affect both normal cells and tumor cells. Be-
cause of this, scientists worked to develop a special type of radiation 
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that focuses the high-dose zone of radiation just on the target area. 
This focused form of radiation is called radiosurgery.

Radiosurgery Is Different from Conventional Radiation 
Therapy

-
mon form of radiation therapy—delivers full dose radiation to the 

the target area for conventional radiation deliberately includes a 
border (called a margin) of normal brain around the tumor. These 
reasons include uneven tumor borders, the risk of invisible spread 
of the tumor into the surrounding tissue, a larger tumor size, or the 
presence of multiple tumors. This larger zone of full-dose radiation 
includes the borders of the tumor where microscopic tumor cells may 
be located.

Since normal brain tissue is included in the full-dose region, conven-
tional radiation is broken down into small daily doses so the normal 
brain tissue can tolerate it. As a result, reaching the desired dose of 
radiation takes several weeks of daily treatment.

Radiosurgery focuses radiation beams more closely to the tumor 

the use of highly sophisticated computer-assisted equipment. A head 
frame or face mask used for this treatment allows very precise set 
up, localization and treatment of the tumor. Using advanced com-
puter planning, radiosurgery minimizes the amount of radiation re-
ceived by normal brain tissue and focuses radiation in the area to 
be treated.

Since conventional radiation therapy covers more normal tissue, it 
can often be given only once. Radiosurgery, however, may be considered 
for re-irradiation due to its precision and the possibility of avoiding 
previously treated areas.

Types of Radiosurgery Equipment

There are three general types of equipment used to deliver radio-

Knife; linear accelerators; and cyclotrons.

Gamma knife: The Gamma Knife is a dedicated radiosurgery unit 
containing two hundred and one cobalt-60 radiation sources which can 
all be computer-focused onto a single area of the brain.
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Linear accelerators: Linear accelerators are the machines used 

accelerator can be modified to deliver a single high-energy computer-
shaped beam to the tumor, or the liner accelerator may have been 
manufactured specifically for use in radiosurgery.

Proton beam radiosurgery: Cyclotrons are nuclear reactors ca-
pable of smashing atoms to release proton, neutron and helium ion 
beams that can be harnessed for radiosurgery purposes. There are only 
a few of these machines in use.

Names of Radiosurgery Equipment

Several companies manufacture radiosurgery equipment and software 
for computer-based systems. Each company gives their radiosurgery sys-
tem a brand name, much in the same way an automobile manufacturer 

companies that manufacture linear accelerator-based radiosurgery sys-
tems or software. Each manufacturer names their equipment: the X-Knife, 
Stealth Station, CyberKnife, and Novalis System are some of the brand 
names of linear-accelerator-based radiosurgery systems or software.

Each system has some inherent differences in the way the planning 
is done or the radiation is delivered, each with its own advantages and 
disadvantages. At this time, there is no definitive proof that one system 
is better than another.

energy. In this system, the radioactive cobalt-60 sources used to produce 
the radiation beams remain in one place while the patient is moved on 
a sliding couch toward the source of the radiation.

STAR (Stereotactic Alignment for Radiosurgery), Conforma 3000, 

Proton beams are created by a cyclotron (a nuclear reactor) which 
smashes atoms, releasing the protons used in this therapy.

You may have also heard the term stereotactic radiotherapy. Ster-
eotactic radiosurgery is given in a single session. If given in multiple 
sessions, the treatment may be called stereotactic radiotherapy or 
fractionated stereotactic radiotherapy.

metal frame to immobilize the head during treatment. Rather, markers 
able to be viewed on a scan are placed on the scalp, or a face mask is 
used  to help hold the head steady. The treatment equipment is then 
aligned with the markers or with the face mask.
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The Goals of Radiosurgery

In general, the purpose of any form of radiation therapy is to shrink 
and destroy tumor cells. Some tumors can be cured by radiation ther-
apy, while others may be controlled. There are situations where a 
tumor does not shrink in response to radiosurgery but is still cured. 
This is a common circumstance for patients with certain benign brain 
tumors.

Because radiosurgery is a highly-focused treatment, this form of 
radiation therapy is useful in situations where the tumor is small and 
contained in a localized area. Although the definition of small may vary 
slightly from institution to institution, small tumors are generally 
considered to be those three centimeters (cm) (or about 1.18 inches) 
or less in diameter.

Radiosurgery can be used for tumors in the brain or in the spinal 
cord. It may be used to treat multiple tumors if the tumors are small 
and there are a limited number. Sometimes, radiosurgery is used to 
treat tumors that cannot be removed, or those that can be only partially 
removed. Also, radiosurgery may be used as a local boost at the end of 

How is radiosurgery given?

There are several techniques used to deliver radiosurgery. In the 
paragraphs that follow, we describe a typical day of treatment us-
ing the more common types of radiosurgery equipment. Although the 
equipment or method you see may vary, the goal of the treatment is 
the same.

Your first contact with the radiosurgery unit will likely be with one 
of the members of the radiosurgery team. Radiosurgery requires a 
team of specialists. That team may include a neurosurgeon, radiation 
oncologist, radiologist, radiation physicist, neurologist, anesthesiolo-
gist, specially trained nurses, technologists, and the unit support staff. 
Members of the team first review your medical records to decide if 
radiosurgery would be of benefit to you. If it is determined that radio-

be obtaining the records and scans needed to plan your personalized 
treatment. Your recent magnetic resonance imaging (MRI) scans, a 
current scan or additional images, biopsy or surgical reports, pathology 
reports, and specially designed planning software are used to precisely 
determine the plan for treating your tumor. The radiosurgery team 
calibrates the equipment to match your personalized treatment plan, 
including the area to be treated and the dose of radiation to be given. 
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In general, the area radiated includes the abnormal area with a tiny 
margin of surrounding normal tissue. The dose of radiation is centered 
over the entire volume of the target area. The radiation dose decreases 
rapidly as the distance away from the target area increases.

Before the treatment, your team may prescribe medications such as 
steroids (which prevent brain swelling) or anti-seizure drugs (which 
control seizures). The staff at the radiosurgery unit will also provide 
you with specific instructions to follow in preparation for your treat-
ment. Be sure to tell them—in advance—about all of the medications 
you are using including prescription drugs, over-the-counter medica-
tions, vitamins, dietary supplements, or herbal preparations. They will 
tell you which drugs to continue, and which to stop prior to treatment. 
You will also receive information about your diet the day prior to the 
treatment, any special shampoo instructions for the evening before, the 
time and location of your appointment, and transportation guidelines. 
Plan to bring someone with you to drive you home.

When you arrive at the radiosurgery unit for your treatment, you 
may have an IV (intravenous) line started to help prevent dehydra-

medication is given to you. This will allow you to better understand 
the answers.

Most forms of radiosurgery require placement of a lightweight head 
frame, also called a halo. The head frame has two functions. It helps 

head immobilized so that there is no movement during treatment. The 
head frame is attached the day of your treatment. Your doctor will 
first inject a local anesthetic into your scalp at the places where the 
pins will be placed. This anesthetic is a freezing medication similar to 

are positioned. Those pins will hold the head frame in place during 
the treatment planning and actual treatment. Placing the pins and 
positioning your head frame can take several hours, depending on the 
technique used. If your treatment will be given in more than one ses-

of the position of the frame during each session.
Those being treated with proton beam radiosurgery may be fitted 

with a molded plastic face mask, which serves the same purpose as a 
head frame. If your radiosurgery is to be done with a frameless system, 

taken to continually track your position during treatment.



158

Brain Disorders Sourcebook, Third Edition

-

done with the head frame on. You will then be able to rest while the 
treatment plan is calculated by the radiosurgery team. Your physician 

will be placed on a couch, and then a large, oversized helmet will 

computer-programmed beams to match the shape of your tumor. The 
entire couch (with you securely on it) is then slid into a doughnut hole 
shaped piece of equipment called a gantry through which the radiation 
beams are delivered.

If you are treated with a linear accelerator, you will be positioned on 
a sliding bed around which the linear accelerator circles. There are two 
common techniques by which linear accelerators deliver radiosurgery. 

pattern of the arc is computer-matched to the shape of your tumor. The 
second technique is to deliver the radiosurgery by a series of shaped 

shaped by varying the intensity of radiation through these fields. This 
technique of varying the intensity is known as intensity modulated 
radiation therapy (IMRT).

on a table with your head in a fitted face mask or a frame. As the nu-
clear reactor smashes atoms, the released protons are directed toward 
the tumor through beam-shaping blocks. The beams are computer-
programmed to match the shape of your tumor.

The actual treatment time for any of these techniques generally 
ranges from fifteen minutes to about two hours. After you receive your 
treatment, the head frame is removed. Generally, you return home the 
same day or you may be kept overnight for observation. The radiosurgery 
team will provide you with instructions for caring for yourself in the 

people feel able to resume their usual activities within a day or two.
If you are to receive multiple treatments, these will be done on an out-

patient basis. You will be given a schedule of appointments, and your head 
frame or mask will be repositioned each time you receive treatment.

After you complete your treatments, you should feel free to contact 
the radiosurgery team with any questions or concerns. Unless your 
team instructs you differently, the doctor coordinating your usual brain 
tumor care is the doctor with whom you make your followup appoint-
ments. A scan will be done in a few months to evaluate the initial effect 
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of the treatment, but it may take a year (sometimes longer) to truly 
evaluate the full effect of the treatment.

Side Effects of Treatment

When your treatment planning is first done, your radiosurgery 
team can talk with you about the potential effects of the treatment 
specifically planned for you. Some people have few or no side effects 

the treatment and have resumed their regular activities, tenderness 
at the pin sites may be their only side effect. Your doctor can suggest 
pain medications if needed, or perhaps a topical gel to help numb the 

early side effects to delayed reactions.
Early symptoms are often due to brain edema (swelling) caused by 

the radiation. These symptoms can include nausea, vomiting, dizziness, 
and headaches. Your doctor can prescribe steroids, anti-nausea drugs or 
pain relievers to control these symptoms, which are usually temporary. 

depends on the dose of radiation received by portions of the scalp 
and the ability of the radiated hair follicles to heal. Regrowth usually 

than before. Your scalp may also become temporarily irritated. Since 
some lotions cause further irritation, do not treat this yourself. Call 
your radiosurgery team for advice.

after treatment. These reactions can include necrosis or cell death in 
the high radiation dose region due to swelling in reaction to the ra-
diation effect on the target region. These symptoms are mainly due to 
swelling or death of brain tissue in the treated area. They may mimic 
the symptoms of tumor regrowth or stroke. Treatment will be based 

location of the tumor. All treatments, even those claiming to be natural 
therapies, have the potential for serious or life-threatening effects. 
When your doctor discusses the possible side effects of the treatment 
planned for you, ask her or him to help you weigh the benefits of the 
treatment against the risks.
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Alternative names: Craniotomy; surgery-brain; neurosurgery; crani-
ectomy; stereotactic craniotomy; stereotactic brain biopsy; endoscopic 
craniotomy

Definition: Brain surgery treats problems in the brain and the struc-
tures around it through an opening (craniotomy) in the skull (cranium).

Description

The hair on part of the scalp is shaved. The scalp is cleansed and 
prepared for surgery. An incision is made through the scalp. The inci-
sion may be made behind the hairline and in front of your ear, at the 
hairline near your neck, or elsewhere, based on where the problem in 
your brain is located.

the skull (a bone flap) is removed. Most of the time, this flap will 
be placed back after the surgery is over.

off the blood flow, biopsy or remove a tumor, remove an abnormal 
part of your brain, or drain blood or an infection.

-
dure. Monitors to check pressure may also be used.

Chapter 12

Brain Surgery

“Brain Surgery,” © 2009 A.D.A.M., Inc. Reprinted with permission.
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tube with a light and camera on the end (endoscope). The sur-
gery will be done with tools placed through the endoscope.

place using small metal plates, sutures, or wires. The bone flap may not 
be put back if your surgery involved a tumor or an infection, or if the 
brain was swollen. (This is called a craniectomy.) The time it takes for 
the surgery varies based on the type of problem that is being treated.

Why the Procedure Is Performed

Brain surgery may be needed to treat or remove:

(subdural hematoma or epidural hematomas),

helped with an implanted electronic device.

Risks

Risks for any anesthesia are reactions to medications and problems 
breathing. Possible risks of brain surgery are:

-
ory, muscle weakness, balance, vision, coordination, and other 



163

Brain Surgery

functions (these problems may last a short while or they may not 
go away);

Before the Procedure

or herbs you bought without a prescription; and

During the days before the surgery:

(Coumadin), and any other drugs that make it hard for your 
blood to clot;

the surgery;

-
cial shampoo the night before surgery.

hours before the surgery;

water;
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After the Procedure

After surgery, you’ll be closely watched in the intensive care unit 
(ICU). When you are stable, you will then go to a room where a doctor 
or nurse will monitor you closely to make sure your brain functions are 
working well. They may ask you questions, shine a light in your eyes, 

The head of your bed will be kept higher to help reduce swelling of 
your face or head, which is normal.

You may have pain after surgery while you are in the hospital. Your 
doctor or nurse will give you medicines to help with this.

You will usually stay in the hospital for 3–7 days. You may need 
physical therapy (rehabilitation) while you are in the hospital or after 
you leave the hospital.

Outlook (Prognosis)

The results depend on the disease or problem being treated, your 
general health, which part of the brain is involved, what procedure is 
being done, and the surgical techniques used.

References
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Theresa Pape’s work made headlines in the fall of 2008 when she 
reported how a study participant spoke his first words since suffer-
ing a severe brain injury in a car crash almost a year earlier. Joshua 
Villa, age 26 when injured, had been in a vegetative state for nearly 
ten months when his mother agreed to have him take part in Pape’s 
research on transcranial magnetic stimulation (TMS). The treatment 
involves holding an electromagnetic coil over specific areas of the skull 

It was after the 15th treatment—out of a total of 30 sessions over 
-

sure called the Disorders of Consciousness Scale. The instrument, 
developed by Pape, measures an unconscious person’s responses to 
sensory stimuli. “I couldn’t believe that the gains were that dramatic 
and significant,” recalls Pape. “I must have done the analyses ten times 
to make sure there wasn’t a mistake.”

Three sessions later, Villa uttered his first words. Pape reported: 
“There must have been about half a dozen of us in the room, and our 
mouths just hung open. We all looked at each other thinking, ‘Did he 
just say that?’” A couple of days later, when his mother was with him, 

Chapter 13

Restoring Consciousness: 
Aiding Recovery from Coma

“Restoring Consciousness,” VA Research Currents, January 2009, U.S. Depart-
ment of Veterans Affairs.
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-
able online in the journal Brain Stimulation.

TMS, developed in Europe in the 1980s, has been used successfully 
to treat depression, schizophrenia, and other mental disorders. Pape 

coma. In depression, doctors apply the magnetic coil to an area of the 

the same area on the opposite side might be best for those in coma or 
other unconscious states due to traumatic brain injury. “My challenge 
is finding the optimal dose at the optimal site,” she says. “I’m trying to 

optimizing the site on the brain. I chose the dose according to safety 
data from healthy controls and efficacy data from patients with mental 
illness, but that doesn’t mean it’s the optimal dose for traumatic brain 
injury. Likewise, I chose the site according to neurological theory, but 
that doesn’t mean it’s the most optimal site.”

-
ploring the same general topic: how to promote recovery from coma. 
So Pape has reached out to other countries, such as Denmark, for 

sites on the brain. That would speed the research process. “I would 
love it if someone chose a different site or dose and studied it,” she 
says.

Familiar Voices May Stir Brain Response

other treatments to help people in comas or vegetative states due to 

part in with their loved one. Transcripts are written, and the families 
then recite the stories into digital recorders, as if talking to their loved 

do you remember we went to this wedding and I wore that red dress, 
and you thought I looked fantastic?”

The therapy is low-cost and as noninvasive as they come, although 
patients will undergo a brain scan called functional magnetic resonance 
imaging (fMRI) as they listen to the audio. That will allow researchers 
to check for responses in the form of more blood flow to different parts 
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uses professional audio-editing programs to ensure the right qual-
ity and volume—even amid the clanging of the MRI machine. “We’re 
talking about them hearing a tone in a person’s voice, an attitude—all 
the pragmatic cues mediated in healthy people by the right side of the 
brain. These are the verbal cues that let someone know who’s talking 
to them without them seeing the person.

-
ond group will listen to familiar voices less frequently. A third group 
will receive only “sham” treatment—in this case, the presence of a 
compact disk (CD) player but no sound. “Everybody’s getting a similar 
process,” says Pape.

Families Find Hope through Research

TMS and familiar vocal stimulation might work together, says Pape. 

use to talk with each other. Dormant neurons could be revived, and 
new neural networks created. Vocal stimulation could then “shape and 
guide that plasticity” and help in the recovery of auditory skills.

The other focus of her research, the Disorders of Consciousness 
Scale, provides a reliable, accurate way to track the effects of vari-
ous therapies. It may also yield data to help identify factors linked to 
recovery from coma. Why some patients recover from serious brain 
injuries while others linger in a coma for many years is still largely 
an enigma.

Pape’s work has taken on special significance for U.S. Department of 

or Afghanistan have a brain injury. Most of the injuries are considered 
mild, and only a relatively small percentage result in long-term loss 
of consciousness. But for those patients who do remain unconscious, 
any new hope is welcome.

Stimulating the Brain

TMS is one of several therapies being studied that use electrical 

methods include:

Deep brain stimulation: Electrodes are implanted in the brain 
to stimulate specific brain regions.
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Electroconvulsive therapy: The process involves inducing a 
seizure in an anesthetized patient by applying electric current to the 
brain. It has been found safe and effective for depression and other 
conditions when drugs don’t work.
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Section 14.1

Rehabilitation Therapies
“Rehabilitation,” © 2009 Angioma Alliance 

(www.angiomaalliance.org). Reprinted with permission.

Note: Although the information in this section refers specifically to 
brain surgery rehabilitation, these therapies are used for brain reha-
bilitation in general.

require rehabilitation to recover from their deficits or even the surgery 
itself. Your doctor or surgeon may or may not discuss this with you 
prior to surgery as it will depend on your condition afterwards. Patients 
are often discouraged to hear that they might need rehabilitation, even 
though it can really be a very positive thing since it can greatly acceler-
ate the patient’s recovery. It is difficult to provide a single description 
of brain surgery rehab since it will vary greatly from patient to patient. 
In this section we will attempt to give an overview of rehab and some 

-
gery vary greatly based upon: the location in the brain, the condition 
going into surgery, as well as the success of the surgery. Even patients 
with seemingly similar angiomas report different types and severity 
of deficits. If a patient is left with a deficit that would restrict their 
quality of life or their ability to care for themselves or to work, they 
will likely be provided with rehabilitation. Rehab can take many forms 
but generally there are four ways that it can be delivered.

During the Hospital Stay

will be limited to the basic rehab disciplines of physical therapy (PT), 

Although some hospitals share their therapists between inpatient and 
outpatient practices, therapists on staff with hospitals typically are 
very strong at dealing with those first few days or weeks of a patient’s 
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recovery because this is what they see most. They will often come to 
a patient’s room and perform an evaluation shortly after surgery to 
determine if any therapy is required. If so, they will visit the patient’s 
room on a regular schedule to help the patient begin the process of 
therapy. Because this type of session is most often one on one, the 
amount of time the therapist can spend with each patient will likely 

not require hospital care they are typically either sent home or to a 
dedicated rehabilitation facility.

Inpatient Rehabilitation Facility

If the patient recovers to the point that they no longer need the 
level of care provided by a hospital but they are still not capable of 
living unassisted, they will often be sent to an inpatient rehabilitation 
facility. These rehabs offer rooms that are often similar to a hospital 
room and many times are connected to a hospital, but they are geared 
completely towards rehab. Because the level of medical care is typically 
not as robust as a hospital, they are lower cost and therefore offer the 
opportunity for longer-term rehabilitation than the average hospital 
where beds are at a premium. Various rehab facilities specialize in 
different types of recovery so it is fair to ask what options are avail-
able and to understand which would be best suited to working with 

with stroke recovery since it is more common than brain surgery but 
requires many of the same skills. At an inpatient rehabilitation facil-
ity, the patient will typically get a much more rigorous schedule with 
several group classes and individual sessions per day. Because of this 

progress can be made in a good inpatient setting. Patients will wear 
their own clothes: sweat pants and t-shirts or sweat shirts during the 
day because of the gym-like atmosphere.

During the stay at an inpatient rehabilitation facility, the physician 
that is in charge of patient care is often a physiatrist. A physiatrist is 
a physician that specializes in physical medicine and rehabilitation. 
Their focus is on restoring function to patients. Some common areas 
of specialty for a physiatrist are sports medicine, pediatrics, geriat-
ric medicine, and brain injury. The physiatrist may treat the patient 
directly, such as prescribing any needed medication, or may lead an 
interdisciplinary team that is treating the patient. The physiatrist
may meet with all of the different types of therapists that are treating 
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the patient at periodic intervals such as once a week, to determine the 
patient’s progress, and to assess continuing and evolving needs. This 
group, led by the physiatrist, will make recommendations as to how to 
treat the patient as well as when to release the patient from rehab.

Outpatient Rehabilitation

hospital or the inpatient rehab facility, they will often be given some 
amount of outpatient rehabilitation. This is most often provided at 
a rehabilitation facility that the patient will travel to a few times a 
week but it can also be in the home. The trade-off between the two is 
that although in-home is more convenient, often insurance will cover 
more visits at a rehab facility due to lower cost and the rehab facility 

advantage that opens up to a patient once they reach outpatient care 
is that there will often be a wider variety of types of rehab than might 
be within a given hospital or rehab facility. The patient might seek 
out specialists in balance therapy, vision therapy and other “boutique” 
rehabs that could be especially useful to the patient.

Ongoing Maintenance

Insurance normally will pay for a limited amount of therapy. It is 
often governed by progress reports from the therapist which indicate 
that the patient is still making progress. At the end of that therapy, 

can be done on his or her own for long-term maintenance. If the pa-
tient’s deficit is with walking for instance, there might be trunk and 

maintain the strength to overcome their deficit.
There are too many types of rehab to list here, but some common 

types of therapy include the following:

Physical therapy (PT): This is a very broad category of therapy 
that involves most strengthening and coordination work designed to 
overcome any physical weakness that the patient is left with after 

so that they can walk again.
Although brain surgery does not directly affect the muscles and joints 

in the same way that a hip replacement does, it can require much of the 
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in a hospital bed for some time they lose strength. If that immobiliza-

to safely go home. More common for brain surgery is that the control 
of some muscle or set of muscles is weakened for neurological reasons. 
Put simply, the muscle is healthy but the neural pathway (the nerves 
or areas of the brain that control the nerves) are damaged in some way. 
It is likely that a neural pathway can be damaged but not destroyed; 
therefore, the muscles affected seem to be dramatically weakened. This 
can be thought of as the brain just not being able to “get enough of a 
signal” to the muscle to fully activate it. In these cases, therapy can be 

useful. This is the same process that a stroke patient will go through. 
In many cases PT will also include balance, coordination, gait training, 
and overall strengthening. It is very broad by definition.

Occupational therapy (OT):
needs of the patient to be able to work as well as daily living tasks such 
as personal grooming and household care. If a patient had a weakness 

ways in which this patient needs to use those fingers in their daily 
-

building the deficits and finding ways to work around deficits to allow 
the patient to continue to perform the needed task. An occupational 
therapist might prescribe adaptations to the patient’s home or work 
environment such as handrails, modified shower, lowered counters, 
and so forth. Typical inpatient facilities have kitchens, bathrooms, 
and work environments in which they help the patient practice the 
life skills that they will need.

Speech and swallowing therapy: If there is a weakness or deficit 
with the mouth or throat, it can manifest itself as a lack of clear speech 
or a slow or weakened swallow. Speech therapists specialize in these 

muscles that are slow or weak. Speech and swallowing are amazingly 

the oral muscles. Speech therapists can use a combination of observa-

understand and treat these conditions.

Balance therapy: Brain surgery has the potential to affect a pa-
tient’s balance. Some PTs specialize in balance or what is often called 
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vestibular rehabilitation. Balance therapists are skilled at retraining 
the brains ability to interpret and react to the balance related signals 
that it gets from the inner ear, eyes, and feet. It is physical therapy 
focused on the patent’s balance. Some patients will have a problem 
with vertigo as well as balance. Balance therapy will address these 
issues.

Respiratory therapy: Since the brain controls breathing and 
since surgery carries with it some risk of respiratory complications, it 
is likely that a patient will at least be evaluated by respiratory thera-
pists during their recovery.

Neuropsychology: Deals with cognitive processes of the brain 
including, but not limited to, short- and long-term memory, concentra-
tion, attention, problem solving, and abstract reasoning. Don’t confuse 
this with psychotherapy—neuropsychology is not counseling. Neuro-
psychologists will give a battery of standardized tests to determine the 

tests cannot take into account the patient’s cognitive level prior to sur-

average in specific cognitive categories and help them to understand 
and improve on their deficiencies. Also, this information may be very 

or if the patient qualifies for disability.

Vision therapy:
body. When a body part isn’t functioning correctly, health professionals 

the case of a turned eye or an eye lacking in mobility, vision therapy 
can help:

-
tion;

back to its proper position, doesn’t mean the eyes will automati-
cally work together as a team again).

With a turned eye, the use of prism glasses, with slowly decreasing 

back to its proper location), along with vision therapy can be a helpful 
combination to keep the patient using the problem eye (rather than 
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turning it off and only seeing with one eye). It is important to start 
vision therapy as quickly as possible so the muscles in the affected 
eye stay strong.

Thoughts on Therapy

Physical demands:
particularly important to remember given that the patient has just 
had major surgery and is trying to recover from the surgery itself. The 
added challenge of overcoming any deficits is a difficult one in some 

-
ing physically and mentally.

Preconditioning: Surgery is a physically draining process so if it 
is elective and time and ability permits, it is recommended that you 
build your strength and stamina prior to the operation. You would be 
surprised how quickly your stamina can diminish when you are in a 
hospital bed, so it is always a benefit to get in the best shape possible 

Mental and emotional aspects: Rehab can be very difficult emo-
tionally. A patient undergoing brain surgery will understandably be 
focused on the surgery as the major event. When the surgery is over, 
it can be very draining to find that there is still a great deal of hard 
work to do in rehab. It is like running a marathon then at the finish 
line finding out that there are a few more miles to go. It is possible for 
progress to seem slow and this can lead to depression. In the movies, 
characters will knuckle down and rebuild themselves, but in real life 
you don’t get to fast forward. It is not unusual to have some temporary 
additional deficits right after surgery that will go away in a few days 
or weeks, but overall the brain makes a slow but steady recovery. The 

news is that the brain can continue to make gradual improvements for 
years. This slow progress can be very frustrating at times.

Another emotional factor is simply the loss of independence. Re-
gardless of how minimal the deficits are after surgery, the patient will 
no doubt be dependent on other people to help them as they recover. 
This loss of independence can be very frustrating for the patient. The 
corollary to this is that when the patient regains their independence, 
if this time has been long, it can be stressful for them to be on their 
own again after getting used to the constant support of friends, family, 
doctors, and nurses.
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How hard to push:
the support person can or should push the patient in their recovery 
will be a difficult and individual one.

Visitors: While visitors can be a tremendous boost for the patient, 
they can also be so draining that it is actually a detriment to the pa-
tient’s recovery process. This is particularly true in the hospital and 
inpatient rehabilitation settings. If the patient is not able to make 
these decisions, the caregiver must assist with this and may need to 
limit visitors to less busy times or days depending on the needs of the 
patient. Especially in the inpatient rehab setting the 15 minute rest 
or nap between therapies may be more beneficial to the patient than 
using that energy to talk to visitors. This again will depend upon each 
individual situation and will vary greatly.

Insurance: Insurance will qualify for a number of sessions or un-
til a certain level is achieved. Most therapies have measurements to 
determine where the person is in their recovery and this information 
is relayed to the insurance provider.

The role of surgeons in rehab: It is natural to have great respect 
for a brain surgeon, especially if they have just completed your operation. 
It is important to remember that although the surgeon has immense 

-
rience with rehabilitation. Your surgeon may not be able to clearly answer 

therapists often are an enormous source for information about recovery 
beyond the hospital. As good as surgeons are at surgery, they do not have 

and helping patients recover. If you have deficits after your surgery, you 
should search for the most qualified rehab people you can find because 
they can make a huge difference in how quickly you recover.

Duration of rehab and recovery: This is often first question 
people ask. The length of rehab and recovery are specific to each in-
dividual. A patient may bounce right back or may be left with a long-
term deficit. The bad news is that it possible to have a deficit for a long 
time because the brain heals slowly; the good news is that the brain 
continues to heal for a long time. The important thing is to not give 
up hope—research has shown that motivation and a positive attitude 
are the things that differentiate those who continue to improve versus 
those who reach a plateau and do not move past it.
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Section 14.2

Cognitive Rehabilitation
“Cognitive Rehabilitation,” by Connie Lee, PsyD. 

© 2009 Angioma Alliance (www.angiomaalliance.org). 
Reprinted with permission.

Help for Attention, Memory, and Other Problems with 
Thinking: Or, Why Can’t I Remember to Pick Up Bread 
on the Way Home?

Brain injury of any sort, including that from cavernous malfor-

after a bleed or surgery, individuals often complain of difficulty with 
attention, short-term memory, and multitasking even if they have 
no visible physical deficits. Neuropsychology is the discipline that is 
designed to assess and treat these cognitive problems. It’s surpris-
ing how infrequently patients are referred for neuropsychological 
evaluation and treatment—it’s certainly something to request if you 
believe that you can benefit. Most major United States (U.S.) insur-
ance companies will cover the cost of an evaluation and of follow-up 
treatment.

What is a neuropsychological evaluation?

A neuropsychological evaluation involves testing that is sensi-
tive to problems in brain functioning. Unlike computed tomography 
(CT) or magnetic resonance imaging (MRI) scans, which show what 

-
amines how well the brain is working when it performs certain func-

take depend upon the questions you and your doctor have. The tests 
may assess the following areas: attention and memory, reasoning 
and problem-solving, visual-spatial functions, language functions, 
sensory-perceptual functions, motor functions, academic skills, and 
emotional functioning. The tests are not invasive; that is, they do not 
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will involve questions and answers, or working with materials on a 
table. Some tests may use a computer. The testing may be performed 
by the neuropsychologist or by a trained staff member. The neuro-
psychologist or a staff member will also spend some time talking with 
you about your medical, personal, and school history. The total time 
involved in your evaluation will depend upon the questions you and 
your doctor have.

What is a neuropsychologist?

A neuropsychologist is a licensed psychologist specializing in the 
area of brain-behavior relationships. Although a neuropsychologist 
has a doctoral degree in psychology, he or she does not just focus 
on emotional or psychological problems. The neuropsychologist has 
additional training in the specialty field of clinical neuropsychology. 
That means a neuropsychologist is educated in brain anatomy, brain 
function, and brain injury or disease. The neuropsychologist also has 
specialized training in administering and interpreting the specific 
kinds of tests included in your neuropsychological evaluation. As a 
part of the required education, a neuropsychologist also has years 

involving the brain.

Cognitive Rehabilitation

Treatment for cognitive impairments is called cognitive rehabilita-
tion. The neuropsychological test battery can feel very long, but it is 
important for the neuropsychologist to have as much information as 
possible about your functioning before he or she develops a cognitive 
rehabilitation plan. Like any rehabilitation therapy, cognitive therapy 
has two parts: 1) improving your ability to perform the impaired func-
tion through therapy techniques and at home practice; and 2) devel-
oping strategies for compensating for any residual deficits. Also, like 
other rehabilitation therapies, neuropsychological assessment and 
cognitive rehabilitation break down functions into their individual 
components so that the broken links can be found and addressed. In 
physical therapy, walking is assessed by looking at a variety of factors 
including muscle strength, range of motion, and balance. It doesn’t 
make sense to focus on strength when the real issue is balance. This 
is also true for cognitive rehabilitation.

Let’s take apart some of the common cognitive functions and see 
how neuropsychologists understand and address them.
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Attention

What is attention? Do any of the following apply to you?

-
tractions.”

can’t switch back and forth quickly enough.”

can’t do two things at once anymore.”

but the kind of attention required varies from task to task. As a result, 

Sustained attention: “I try to watch television, but I just drift 

and there are no distractions.” Drifting off is a problem with focused 
or sustained attention. Although it can happen on occasion to anyone, 
this is most often a continuing problem for those with brainstem bleeds 
or surgeries.

hear a series of numbers. You are asked to push a button every time 

amount of time that you can continue the task without errors. The task 
can be made much more difficult by changing the rules for responding. 

see a number that is two less than the number that came before it 
(* = push button): 10, 12, 8, 6*, 4*, 9, 7.* The task could use letters or 
words rather than numbers as well. In a second type of task, you are 
asked to count backwards from 100 by 3s, 4s, and so forth. This also 

backward by 3s then adding 1: 100, 97, 98, 95, 96, and so forth.

Selective attention: “I can’t cook while there is noisy construction 

background noise is an issue of selective attention. Selective attention 
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is the ability to focus on the important or relevant stimuli in the pres-
ence of distracting stimuli.

mentioned, but add background noise, often on tape. Ideally, the back-
ground noise should be the same type as that which is a problem 
for you in your real life. Many individuals are distracted by internal 

encourage writing down thoughts and worries before beginning the 
task. Being distracted by internal stimuli also can be a sign of de-

underlying causes may be in order.

Alternating attention: “I can’t listen to the lecture and take notes 
at the same time. I can’t switch back and forth quickly enough.” Not 
being able to switch back and forth is a problem of alternating atten-
tion. Alternating attention is required for any two tasks that require 
thought and that are performed at the same time.

presented with a list of numbers. You would cross out odd numbers 
until the therapist says “change.” You would then begin to cross out 
even numbers. The task becomes more difficult as the length of time 
between changes shortens. Alternately, you could be presented with 
pairs of numbers and be asked to change back and forth between 

that are printed differently from the meaning of the word: BIG little 
LITTLE BIG LITTLE big little LITTLE. You would be asked first to 

the response should be “big little little big little big little little” and 
then the size of each word “big little big big big little little big.” There 

type of brain injury.

Divided attention: “I can’t brush my daughter’s hair while I talk 
on the phone. I can’t do two things at once anymore.” Not being able to 
do two things at once is a problem with divided attention. In divided 
attention, an individual is being asked to perform two tasks at once, 
but one task should be something that a person can do without think-

hair while talking on the phone, brushing hair should be an automatic 
task performed with some attention but little thought. To address this 
issue, you may be asked to perform the task of pushing a buzzer in 
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earlier. The difference here is that you will both hear numbers through 
a headset and see number flashed individually on a screen. They will 
not be the same numbers. You must push the buzzer if either tape 
or screen has the specific number. Alternately, you may be asked to 

deck of cards and asked to sort the cards by suit. During the sorting, 
you also are supposed to turn over any card that contains a specific 
letter, such as the letter “n” (one, seven, nine, ten, queen, king). Again, 
this is quite a challenge, even for those without a cavernous angioma 
or other brain injury.

Processing speed: Reduced processing speed, how long it takes 
to move through a task, is often a problem for those with cavernous 

issue as well. Individuals can try to increase their speed at performing 
each task with practice.

Stages of Memory

Memory is a multi-step process and a problem can occur at any step 

in the process your memory is being affected, particularly since what 
seem like memory issues may instead be problems with attention or 

-
rectly by memory deficits, the most common and most effective way to 
manage the situation is to develop compensatory techniques, things 
outside of you that can help you stay organized and remember. Let’s 
look at the stages of memory.

Attention and memory: This is the first stage. You can’t process 
something and store it if you haven’t paid attention to it in the first 

of the memory process.

Encoding: In encoding, a person links information to something 
that is already known. In other words, a piece of information is catego-

learning what a pot is. It is much more effective to categorize it as cook-
ware than as something that rhymes with spot. Problems in encoding 
can arise in several ways. It may not be a categorization problem, but 
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could be the result of a problem with the language center of the brain 
or with visual or auditory processing areas. In this case, addressing 
those other issues may help with encoding. Damage to the frontal lobes 
or in the dorsomedial thalamus can result directly in problems with 
categorization and organization. Some ideas for treating these and 
other memory stage issues follow.

Storage: Individuals, particularly those with hippocampal damage 
and associated mesial temporal lobe damage can be left with a limited 
ability to store new information. Encoded information does make it to 
long-term memory, but the memory deteriorates quickly and the infor-
mation can’t be retrieved. You may have categorized a pot correctly as 
cookware and have stored this information, but your brain just isn’t 

won’t remember what it is.

Consolidation: Consolidation happens when you integrate your 
new knowledge—a pot is cookware—with more detailed information 

you have figured out how it fits into the class of cookware: that a pot 
is different from a pan, that you can use it to boil water, and so forth.

Retrieval: The ability to get information out of memory without 
cues. Retrieval problems can be the result of damage to a language area 
(aphasia), or can occur directly with damage to many different areas 
of the brain. A person with a retrieval problem often has the tip of the 
tongue phenomena: “Dorothy came from….oh, the name of the town is 
on the tip of my tongue. Just name a few towns in Kansas. I’ll recognize 
it when I hear it.” If the memory problem happens before the retrieval 
stage, a person will not be able to recognize the right name from a list.

Treatment for Memory Problems

There are many ideas about the most effective methods for improv-
ing memory after brain injury. A couple of methods by McKay Moore 
Sohlberg and Catherine Mateer are listed.

A common complaint among folks with memory problems is dif-
ficulty remembering to do things they were supposed to do. In one 

-

can be set up so that you either just sit or you perform an alternate 
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becomes more difficult by increasing the amount of time between being 
assigned the task and having to perform it.

Another way in which memory problems are treated is through the 
development of a memory notebook system with very detailed instruc-
tion and a great deal of practice in using it. A memory notebook is a 
binder or planner filled with forms and divided by categories. It is much 
like a Daytimer® but with sections tailored to address the individual’s 
memory deficit. Possible sections could include:

Orientation: A script that you can use to give people pertinent 
information about yourself, your medical history, and any other rel-
evant information.

Memory log:
done. You are asked to make a note every time you change your activity 

consuming as this may seem, the memory log is usually part of everyone’s 
memory notebook. Keeping the log helps memory by forcing you to think 
about what you have done for that period of time. Writing it down further 
increases the likelihood that you will remember what you have done later. 
And, if your memory does fail, you have a reference to look at.

Calendar: The calendar should have dates and times that you can 
use for scheduling appointments and other activities.

Things to do: This section has forms for listing errands and other 
future tasks. It would also contain a space for the due date and comple-
tion date.

Transportation: If you have trouble remembering how to get 

the places you most commonly go.

Feelings log: This section has forms to record your feelings about 
events, and so forth.

Names: Contains forms to record names and identifying informa-
tion of new people.

Today at work: These are forms that are adapted for your specific 
job that allow you to record all the necessary information you need to 
perform your work.
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As you are using the memory notebook in real life, you will find 
-

ample, if you are invited to a potluck on Sunday night and asked to 
bring an entrée, you will need to put a note on both the calendar and 
in the Things to Do section (make an entrée). You may also need to 
note receiving the invitation in your Memory log, put directions in the 
Transportation section, or put the host’s information in the Names 
section. Although this can be somewhat complicated, with practice 
it will become second nature. The memory notebook itself is a way of 
developing better categorization and organization skills that will lead 
to better encoding even without the notebook.

Executive Functions

activities become difficult for individuals who have had a bleed or a 

in which they may be addressed in cognitive rehabilitation.

Planning: We all carry out activities every day that require plan-
ning, even if we are not aware of it. Grocery shopping, paying bills, 
planting a garden, getting ready for work all include an element of 
planning. Some individuals have difficulty developing, organizing, and 

be addressed by cognitive rehabilitation.

1. Knowing the steps needed to complete a plan: To address this, 
a therapist would give you a task that requires planning skills 
such as applying for a credit card, preparing a meal, or finding 
a job, and ask you to list all of the steps involved in the process 
in any order. You would be graded on how complete your list is.

2. Putting the steps in order (sequencing): You would be asked to 
take the list you developed above and put the items in sequen-
tial order.

3. Initiate the plan: Taking the first step can be difficult for indi-
viduals with some types of brain injury. To improve this, a per-
son must first become aware of the problem and then practice 

asked to initiate a conversation, sit down with the checkbook, 
or write a paragraph on a topic you know well.
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4. Carrying out the plan: Carrying out a plan often requires per-
forming many steps and some may have multiple components. 
It may require higher level organizational skills to keep the 
plan moving along, and it can be easy to become overwhelmed. 
To practice, a therapist could develop a list of errands to run 
and ask you to do them. The errands would be arranged from 

-
ory notebook if you have one, and there should be someone to 
come along with you.

5. Repair: Many times plans need to be changed because an 
obstacle develops that makes the original plan impossible to 
complete. A therapist can develop hypothetical situations that 

a meal you were preparing for a special dinner party, but the 
grocery store was out of them? Alternately, what if you needed 
to get to an appointment, but you walked out of your house and 
saw that you had a flat tire? Working out hypothetical situa-
tions can make coping with obstacles in real life easier.

6. Speed of response: This means that you accomplish your goal 
in a reasonable amount of time. Practicing planning and carry-
ing out plans should improve your efficiency over time.

Time management: Brain injuries can result in difficulties with 
time management. It may become harder to judge time and to esti-
mate how long it will take to perform a task. Good time management 
involves several steps.

1. Time estimation: Individuals with bleeds or surgery in the 
frontal lobe may have difficulty judging how much time has 
passed. You may start an activity and look up to discover that 
an hour has passed without your noticing. To improve this, a 
therapist may ask you to tell her when a certain amount of time 

-
utes. Sometimes you may just sit and wait for the time to pass 
or you may have a distracting activity in the interim. The task 
gets harder as the length of time increases.

2. Creating a time schedule: It’s important to be able to estimate 
how long it is going to take to complete tasks. You may practice 
creating realistic time schedules with a therapist for activities 
like getting ready in the morning (shower, dressing, breakfast, 
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and so forth), cleaning the house, running errands, or perform-
ing work-related tasks. This requires both time management 
and planning skills.

you may be asked to carry out the activities on your time sched-
ule to see if your estimates were reasonable for you. To do this, 
you need to keep track of how long it actually took to complete 
the items on your schedule and compare this to your estimates. 
You may also need to look at whether you got stuck in an activity 

to assemble a bike in the morning and then get to a doctor’s ap-
pointment in the early afternoon. If the bike assembly doesn’t 
go well, you’ll need to track the time and recognize that it may 
need to be left incomplete in order to make it to the appoint-
ment on time.

revise a schedule if it’s not working. This can be done in the 
middle of a schedule by revising the time estimates for all of 

schedule is completed.

Self-regulation: Self-awareness is the ability to use internal and 

frontal lobe damage, this ability may be compromised.
Becoming self-aware requires three primary skills:

1. Awareness: This means that you are able to make statements 
about your own behavior that indicates you understand what 
you are doing and the impact it has on others.

2. Ability to respond to this feedback: This means being able to 
change your behavior, if needed, in response to your awareness.

3. Impulse control: Self-regulation also requires impulse control. 

impulse control helps in controlling inappropriate behavior.

The key to addressing these issues is improving awareness. A thera-

on a piece of paper every time you do a behavior, such as interrupting 
another person while they are talking. The therapist will give you 
a specific period of time during which you observe yourself, and the 
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therapist will track the behavior as well. At the end of the time, you 
and the therapist will compare notes. The behavior doesn’t have to be 

become aware of what you do. Increasing awareness is often the best 
way to change a behavior over time, and can go a long way toward 
improving self-control.

Treatment using compensation: Some people continue to have 

and routine may help in compensating for the deficit. The individual 
may need to change professions to a job with more structure, less re-
sponsibility, and reduced social interaction in order to function more 
successfully.

Other areas addressed by cognitive rehabilitation: Cognitive 
rehabilitation can be used to address other types of cognitive impair-

processing. The work would focus on how you understand what you 
see and how you respond to what you see. This is different from a vi-
sion therapist or ophthalmologist who would concentrate on the actual 
muscles and nerves of your eye.

A therapist may address the use of language. Unlike speech therapy, 
the focus of cognitive rehabilitation is to learn how to use the right 

asking for help when needed. Cognitive rehabilitation therapists work 
on the practical use of everyday speech.

A therapist may address directly issues of problem solving. Some 
problem solving is involved in planning, time management, and self-
regulation training, but it can become the focus of the treatment if 
needed.

reasoning. Some types of reasoning include creative reasoning, logical 

-
ing chart for a dinner party but have many identified guests who have 

must sit to the right of Ben, and so forth. The challenge is to figure 

creative reasoning is brainstorming—generating as many ideas on a 
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it, use it as a fan, make a paper airplane, start a fire, line your birdcage, 

good reasons why most people call ahead before visiting an out-of-town 

When would it be a bad idea?
Cognitive rehabilitation can be enormously helpful in regaining 

some of the mental abilities you had before your bleed or surgery. The 
easiest way to find a neuropsychologist in your area is to ask your 
neurologist. If this doesn’t work, call a local rehabilitation hospital 
with a stroke and brain injury unit or your state’s psychological as-
sociation for a referral.
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Section 14.3

Scales and Measurements of 
Brain Functioning

through Research,” National Institute of Neurological Disorders and Stroke 

“Traumatic Brain Injury in the United States: Available Measures for 

Control and Prevention (CDC), September 19, 2006.

Medical Care for the Traumatic Brain Injury Patient

Medical care usually begins when paramedics or emergency medi-
cal technicians arrive on the scene of an accident or when a traumatic 
brain injury (TBI) patient arrives at the emergency department of a 
hospital. Because little can be done to reverse the initial brain damage 
caused by trauma, medical personnel try to stabilize the patient and 
focus on preventing further injury. Primary concerns include insuring 

-
ing adequate blood flow, and controlling blood pressure. Emergency 
medical personnel may have to open the patient’s airway or perform 
other procedures to make sure the patient is breathing. They may also 
perform cardiopulmonary resuscitation (CPR) to help the heart pump 
blood to the body, and they may treat other injuries to control or stop 
bleeding. Because many head-injured patients may also have spinal 
cord injuries, medical professionals take great care in moving and 
transporting the patient. Ideally, the patient is placed on a backboard 
and in a neck restraint. These devices immobilize the patient and 
prevent further injury to the head and spinal cord.

As soon as medical personnel have stabilized the head-injured pa-
tient, they assess the patient’s condition by measuring vital signs and 

patient’s temperature, blood pressure, pulse, breathing rate, and pupil 
size in response to light. They assess the patient’s level of conscious-
ness and neurological functioning using the Glasgow Coma Scale, a 
standardized, 15-point test that uses three measures—eye opening, 



190

Brain Disorders Sourcebook, Third Edition

best verbal response, and best motor response—to determine the se-
verity of the patient’s brain injury.

Glasgow Coma Scale

Eye opening: The eye opening part of the Glasgow Coma Scale has 
four scores:

painful stimuli.

stimulus.

Verbal response: The best verbal response part of the test has five 
scores:

-
ently.

-
guage.

verbal commands.

in response to a variety of stimuli, including pain.

stimuli.

The results of the three tests are added up to determine the pa-
tient’s overall condition. A total score of 3–8 indicates a severe head 
injury, 9–12 indicates a moderate head injury, and 13–15 indicates a 
mild head injury.
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Measures for Assessing Outcomes of TBI in Children 
and Youth

Many more measures for assessing TBI outcomes have been devel-
oped for use with school-aged children and youth than for very young 
children. The majority of measures developed for children aged five 
years or younger are developmental measures not specifically designed 
for children with TBI. Longitudinal research that applies the appro-
priate measures at each developmental level, but that also tracks 
important milestones and late emerging deficits from early childhood 
through older ages, will be especially challenging.

Specific measures: A wide range of child health and other mea-

appropriate for studying children and youth with TBI.

Child Health Questionnaire (CHQ)

This summary was presented by Jeanne Landgraf, who developed 

Characteristics

years is under development.

being developed).

range of other conditions; thus, it can be used to help estimate the 
burden of TBI compared to other conditions.

Strengths

reliability.
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Weaknesses

sectional design.

-
able.

impairment, but some work is currently planned or being con-
ducted (reported by Keith Yeates and Melissa McCarthy).

-
terview version is scripted, but normative data are not available.

Pediatric Evaluation of Disability Inventory (PEDI)

PEDI measure.

Original PEDI

-
dren with severe problems.

-
tings with older children who are functioning at lower levels.

New Version of PEDI

-
ability.

the community.
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-
sesses levels of participation in the community and school envi-
ronments.

administered form is not available.

-
tutions.

-
nally developed for such studies.

Selected Clinical Measures

A wide range of clinical measures is available for assessing outcomes 
of TBI some of which were originally developed for use with adults.

Glasgow Coma Scale (GCS)

than age five.

technicians (EMTs) before admission are not as reliable as those 
collected in the emergency department (ED) or hospital. Centers 
for Disease Control and Prevention (CDC) TBI surveillance guide-
lines recommend use of the first GCS after admission to ED or 
hospital.

Children’s Coma Score

in children aged three years and younger.

preverbal populations. (Multilingual Resources Assessment Tools. 

Accessed January 9, 2001).

score represents a significant improvement in the GCS for use 
with children.
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Abbreviated Injury Score/Injury Severity Score (AIS/ISS)

assessing children.

-
el, which is used in some clinical settings to determine severity 
based on the intensity of treatment required by the patient.

a useful measure of TBI severity.

Loss of Consciousness (LOC)

-
tient regains consciousness.

is a key piece of information that should be collected.

Length of Post-Traumatic Amnesia (PTA)

-
til he or she is no longer disoriented.

difficult to document consistently and accurately within a hospi-
tal protocol.

-
ferent lengths of PTA.

-
curately as possible.

Rancho Los Amigos Scale

rehabilitation setting.

-
ronment.

appropriate responses (Level VII). (Multilingual Resources 
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assessment.html)

used widely or evaluated for that purpose.

Pediatric Trauma Score (PTS)

a score of -1 (severely injured), +1 (moderately injured), or +2 

or size, airway, blood pressure, central nervous system activity, 
open wounds and skeletal injuries.

Neuropsychological/Psychiatric Tests

are frequently conducted by trained professionals.

-
ment more subtle deficits, but they must be done in a clinical 
setting.

School Performance Assessments

Assessments of school performance include achievement tests, 
which measure students’ academic performance, and school function 
assessments, which assess students’ ability to behave appropriately 
in the classroom.

Achievement Tests

related problems.

masking TBI-related problems.

some useful information about previous performance; however, 
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meeting participants did not strongly recommend including 
them in studies assessing longer term outcomes of TBI.

School Function Assessments

in the classroom setting.

including awareness of hygiene and behavior regulation.

items from school function assessments in studies of outcomes of 
TBI in children and youth.

Section 14.4

Types of Services for 
People with Brain Disorders

Administrators (www.nashia.org). Reprinted with permission.

As has been well documented in the literature, individuals with 
brain injury and their families seek an array of services and supports 
from a variety of state agencies. While there may be limitations on 
services or other requirements imposed by individual states, the defi-
nitions below do not reflect any limitations.

Assessment/evaluation: Refers to the use of a test or scale or bat-
tery of tests or scales, observation(s), and may include physical assess-

(2) deficits as the result of the injury as opposed to preinjury conditions 
that contribute to functional status; (3) strengths in cognitive, psycho-

or support needs and objectives; (5) objectively-based prognosis for 
return to work, school, and other activities of daily living; and (6) the 
basis for determining other needs in planning for lifelong care.
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Assisted living: An assisted living program is a congregate resi-
dential setting that provides housing, supportive services, personal-
ized assistance, 24-hour care supervision, and health care assistance 
designed to meet the individual’s needs on a daily basis. These needs 
may include assistance with bathing, dressing, balancing a checkbook, 
and medication. Residents live in rooms, suites, or apartments, or they 
may share their quarters with their spouses or roommates.

Assistive technology devices: Refer to any item, piece of equip-
ment, or product system, whether acquired commercially off the shelf, 
modified, or customized, that is used to increase, maintain, or improve 
functional capabilities of an individual with a disability, including an 
individual with a TBI.

Behavioral programs and services: An individually-designed 
strategy or approach intended to improve an individual’s adaptive so-
cial behavior and to decrease any maladaptive behaviors that interfere 
with the individual’s ability to remain in the community. This may 
include, but is not limited to the following: clinical redirection, token 

This service may include: (1) a complete assessment of behavior; (2) 
development of a structured behavior intervention plan; (3) imple-
mentation of the behavior plan; (4) ongoing training and supervision 
to caregivers and others; and (5) periodic reassessment of the plan. 
Behavioral programs and services may be provided in a structured 
residential program specifically designed to address behavior issues, 
a rehabilitation setting or by a professional or team of professionals 

or others in order for the individual to live in the community.

Case management and service coordination: Designed to as-

service coordination services may include: (1) information, education, 
and referral; (2) assessment of the individual’s needs and goals; (3) 
identification of programs, services, resources, and funding options; 
(4) coordination and monitoring of services; (5) ongoing evaluation of 

-

implement, and evaluate all services required to meet the individual’s 
needs.
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Community and family education: This service offers training 
and education to instruct a parent, spouse, another family member, or 

use of adaptive equipment. Training generally consists of assisting and 

behavioral intervention strategies, community integration, and stress 
management).

Companion and homemaker services: Companion services are 
non-medical supervision and socialization services designed to assist 
an individual in maintaining community living. A companion may 
assist the person with such tasks as meal preparation, laundry and 
shopping, but does not perform these activities as discrete services. 
A companion may also perform light housekeeping tasks that are 
incidental to the care and supervision of the individual and also may 

are provided by a trained homemaker when the individual with a 
TBI, family member(s), or primary caregiver regularly responsible for 
these activities is temporarily absent, or unable to manage the home 

-
vices are generally directed toward enabling an individual to remain 

services include meal preparation, routine household care, shopping 
and errands, assisting with daily activities, arranging transportation, 
providing emotional support and social stimulation, and monitoring 
safety and well being.

Comprehensive facility-based acute rehabilitation: A highly 
intensive skilled service delivered in the hospital setting during the 
inpatient admission to optimize the individual’s medical condition and 

-
opment of bowel and bladder control, communication, mobility, basic 
hygiene, orientation, and learning.

Comprehensive facility-based post-acute rehabilitation: Ad-
vanced rehabilitation services provided through an interdisciplinary 
team approach that assesses and coordinates a rehabilitation plan 

work. Services are based on an assessment of the individual’s cognitive, 
physical, and emotional deficits and may include cognitive rehabilita-
tion services, behavior management, and the development of coping 
skills and compensatory strategies Post-acute rehabilitation services 



199

Brain Rehabilitation

are generally provided by a rehabilitation agency or in a rehabilitation 
setting within a hospital staffed by an array of professionals. These 

-

social workers, and counselors. These services are offered once the in-
dividual is medically stable and ready for community integration. The 
individual usually participates in two to four types of therapy, three to 

Day services (medical model): Refers to a nonresidential or 
outpatient program intended to improve the functional ability of the 
individual through therapeutic interventions and supervised activi-
ties to facilitate successful community integration. The program is 

skills and addresses psychological and behavioral adjustment and 
vocational rehabilitation needs. Professional staff, which may include 
nursing staff to administer or assist with medications, administer the 
program.

Day services (social model): Refers to a structured community-
based program that offers services in a group setting to improve and 
maintain the individual’s community living skills. The program is 
designed to meet the needs of adults who are not employed full-time
by providing health, social, recreational, and therapeutic activities; 
supervision; support services; and personal care.

Environmental modifications: These include physical adapta-
tions to an individual’s home which are necessary to ensure the health, 
welfare, and safety of the individual; to help that individual function 
with greater independence in his or her own home; and which are 
necessary to accommodate medical equipment and supplies that may 
be required for the individual’s welfare. Such adaptations may include, 
but are not limited to, the installation of ramps and grab-bars and 
widening of doorways.

Facility-based subacute care: A hospital-based or skilled nurs-
ing-based residential program that focuses on providing comprehen-
sive medical assessment, nursing care, rehabilitation, and therapeutic 

nursing needs. The facility offers nursing care and related services to 
individuals seriously injured, including those who are ventilator de-
pendent, or who have had a tracheotomy and require tube feeding.
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Housing supplements and subsidies: Provide the individual or 
family with financial assistance to either supplement or pay for full 
cost of living in one’s own home or apartment, including money for 
rent or mortgage, rental deposits, utilities, utility deposits, housing 
maintenance, or other items associated with maintaining a home.

Independent living skills training: Provides training and as-
sistance to an individual with a TBI for activities related to daily living 
and maintenance of a household. These skills are taught either in an 
environment that most closely resembles an individual’s home, or in 
the environment in which he or she will use these skills. Instruction 
and training may also be provided to the family to assist the individual 
in the learning process and to reinforce the learned skills in the natural 

-
sonal care, performing household management chores, menu planning, 
grocery shopping, meal preparation, budgeting, auto and lawn care, 
creating and maintaining a weekly schedule, arranging and accessing 
public transportation, and scheduling and keeping appointments with 
social service agencies, attorneys, physicians, and so forth.

In-home nursing: Professional services provided by licensed staff 
relevant to the medical needs of the individual with TBI. Such services 
are provided through direct intervention or consultation. Services are 
generally designed to protect the individual’s well being; restore, reha-

prevent hospitalization. Nursing services include direct interventions 
that are within the scope of professional practice of the registered nurse 
(RN) and are generally provided face-to-face. These services may include 
medication management, nutrition and feeding, ventilator care, tracheot-
omy care and suctioning, bowel and bladder care, hygiene, assessing skin 
integrity, and immobility management. Nursing services may be provided 
by a home health care agency or individually by a licensed nurse.

Long-term residential services: Generally provided in a nurs-
ing facility, residential care facility, or other structured residential 
program that provides either skilled nursing care and related services, 
or supervision and related services, to individuals who are unable to 
live independently in the community with or without supports.

Personal care assistance: Personal care services include assis-
tance with eating, bathing, dressing, personal hygiene, and activities 
of daily living. This service may also include meal preparation and 
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such housekeeping chores as bed making, dusting, and vacuuming, 
which are incidental to the care provided and essential to the health 
and welfare of the person. These services may be provided by an in-
dividual or agency, such as a home health care agency, depending on 
the individual’s needs and desires. Self-directed personal care services 
allow the individual with a TBI to direct his or her own care, hire and 
fire the personal care assistant, train the personal care assistant, and 
to decide the level and intensity of care that will be provided.

Personal emergency response system: Provides immediate as-
sistance in case of physical, emotional, or environmental emergency 
through a community-based electronic communications device. This 
service provides a direct link to health professionals to secure immedi-
ate assistance by the activation of an electronic unit in the individual’s 
home. The unit is connected to the telephone line and is programmed 
to send an electronic message to a community-based, 24-hour emer-
gency response center. There is also a personal “help” button that can 
be either carried or worn by the subscriber.

Pre-vocational services: These prepare an individual for paid or 
unpaid employment by teaching such concepts as compliance, attendance, 
task completion, problem solving, and safety. This service uses actual work 

compensatory strategies in a facility-based or community site work set-
ting. Specific target goals are identified for intervention such as production 
rate, inappropriate social behavior, or fatigue. These goals are intended to 
address the individual’s identified barriers to direct vocational placement 
or entry into vocational rehabilitation services. These services are gener-
ally not covered under the Rehabilitation Act of 1973 as amended.

Recreation: Programs or services offer opportunities for individu-
als with TBI to participate in social and recreational activities and the 
development of recreation skills. The service may include assessment 
of leisure function; therapeutic recreation service; recreation programs 
in community agency; and leisure education. These services may be 
segregated services that offer a structured recreational or social op-
portunity specifically for individuals with brain injury; or, the service 
may provide an opportunity to participate in recreational and social 
opportunities that may be available to the public at large.

Respite services: Provide time-limited and temporary relief for emer-
gency situations or from the ongoing responsibilities of caregiving by 
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the family or other primary caregiver. These services may be offered in 
a structured setting where the individual with a TBI may leave his or 
her home to stay or may be provided by someone staying in the home 
to allow that individual to remain at home.

Specialized medical equipment and supplies: Items that are 
of direct medical or remedial benefit to an individual with a TBI.

Substance abuse services: May be provided in a structured day 
program or through individual treatment to help the individual to 
reduce or eliminate substance abuse. Substance abuse services may 
offer: (1) prevention services to motivate a person to choose not to 
use, or resume use, following brain injury; (2) intervention activities 
that facilitate the acceptance of professional help for a substance use 
problem; and (3) treatment to motivate a person with a substance use 

or follow-up services may be provided to support the individual after 
he or she returns to work, home, and community.

Support groups:
cope with and become more educated about issues related to brain 
injury. Support group members may provide emotional support, in-
formation, resources, and an opportunity to network and learn what 
other people have done in similar situations.

Supported employment: Refers to the training, placement, and 

employed. Supported employment services provide supervision and 
training to an individual with a TBI in a competitive work setting or 
in a non-competitive, integrated setting which focuses on skills that 
lead to competitive work. Individuals in competitive employment must 
earn at least the minimum wage. To achieve successful employment 
placements, short-term vocational rehabilitation services provided by 
the state vocational rehabilitation agency, are augmented with ongoing 
support provided by other public or nonprofit agencies or organizations 

longer period to achieve job stabilization has been established in the 

provided by other appropriate state agencies, private nonprofit orga-
nizations, or other sources for the duration of that employment.
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Alternative therapy (individual): Alternative or complemen-
tary therapies are therapies that are outside the field of traditional 
Western medicine. They are used as an adjunct to traditional medical 
treatment and include such practices as yoga, tai chi, acupressure, and 

-

pharmaceuticals derived from plants, minerals, and animals).

Cognitive therapy (individual): Cognitive therapy assists an in-
dividual in the management of specific problems in perception, memory, 
thinking, and problem solving. The purpose of cognitive therapy is to 
enhance an individual’s functional competence in real-world situations. 
The process includes direct retraining, use of compensatory strategies, 
and use of cognitive tools. Skills are practiced and strategies are taught 
to help improve function and compensate for remaining deficits. The 
interventions are based on an assessment and understanding of the 
person’s brain-behavior deficits and services are provided by qualified 
practitioners.

Occupational therapy (individual):
provided by a qualified occupational therapist to improve, develop, or 
restore functions impaired or lost through injury. It is a skilled service 

-
function that affect performance of activities of daily living. The service 
includes evaluation, identification of adaptive equipment and energy 
conservation strategies that facilitate performance of daily living tasks, 
task analysis to facilitate planning and organization, and therapeutic 
activities directed toward instrumental activities of daily living. Thera-
peutic activities may be conducted in a variety of settings.

Physical therapy (individual): Physical therapy is provided by 
a qualified physical therapist to assist the individuals to return to the 
highest possible degree of personal independence. The physical thera-
pist plans and administers individualized treatment programs that are 
designed to restore functional movement, relieve pain, promote healing 
and recovery, and when necessary, help individuals with TBI adapt to 
permanent disability. The service includes evaluation through tests, 
observations, and interviews that provide vital information about an 

-
pulmonary endurance, and daily living activities. Treatment includes 

ultrasound, electricity, and hands-on manual techniques.
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Speech, hearing, and language therapy (individual): Speech 
and language services are provided by a qualified speech therapist 

cognitive skills. The therapist evaluates and treats disorders of speech 
and language that affect the individual’s ability for functional com-
munication. These therapeutic services are to improve the individual’s 
ability to use verbal or non-verbal commands, improve receptive and 

articulation, rate, and rhythm.

Transportation services: Assists individuals with brain injury 
in getting to and from medical and health care appointments, specific 
rehabilitation and community programs, or to conduct business er-
rands, essential shopping, and socialization activities. The service may 
be provided by a program provider as a part of its service package, an 
authorized transportation service, or through financial reimbursement 

-
bursing a family member, care provider, or non-professional (neighbor 
or friend) to transport an individual with a brain injury as needed.

Vehicle modification(s): Allows the individual to be able to trans-
port himself or herself, or the family or caregiver to transport the 
individual. Such modifications may include wheelchair lifts, adapted 
seating, installing hand-controlled gears, and wheelchair securing 
devices.

Vocational services:
beyond those found in routine job training programs. These services 
may include vocational evaluation, occupational skill training, job 
counseling, medical and therapeutic services, work adjustment, job 
training, job placement, job coaching, sheltered and supported employ-
ment, and job clubs. These services may also include assessment for 
and provision of assistive technology such as customized computer in-
terfaces for persons with physical or sensory disabilities. These services 
are often provided by community vocational agencies that specialize in 
job training and placement, as well as other professionals who conduct 
assessment or other services as needed for vocational training.
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Section 14.5

Finding Rehabilitation Facilities
“Rehab Checklist,” © 2008 Brain Injury Resource Center 

(www.headinjury.com). Reprinted with permission.

Finding Rehabilitation Facilities

Instructions: These questions are designed to collect and analyze 
information on programs and treatments for brain injury rehabilita-
tion. A high number of “yes” responses in each section will mean a 
higher probability that the program will be of good quality, provide cost 
effective services, and meet the needs of the patient and family.

Program and Procedures

1. Is the program accredited by the Commission of Accreditation 
-

2. What sources of funding does the program accept?

3. When was the program founded, and what is its guiding phi-
losophy?

5. Is the program viewed favorably by the medical and rehabili-
tation professional community outside the program, such as 
awards or citations?

6. Are programs custom-tailored to meet individual client needs?

7. Does the program provide a daily schedule? What role do 
patients have in directing the schedule and selecting the pro-
gram components?

8. Can client’s family members live with the client during his or 
her program when desired or appropriate?
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9. Does the program have provisions to address behavioral con-
cerns?

account for services rendered?

-
gram?

12. Are admission decisions made by clinical versus marketing 
staff?

13. Will pre-admission evaluations include a thorough review of 
past medical and rehabilitative care and treatment?

14. Will evaluators spend time with me and my and family to tru-
ly understand our needs and rehab goals?

15. May I have a copy of your policy concerning the rights and re-
sponsibilities of participants in this program? Will you discuss 
it with me and my family?

16. If I choose this program, what do you need to do prior to ad-

17. Will I be allowed to spend a day or so observing the program?

18. Will you arrange for me and my family to speak with former 
patients?

-
sion? Will you give me a copy of each to read thoroughly before 
I sign?

20. May I count on frequent communication after admission?

21. If I choose this program, will you get previous medical and oth-
er important (school) records and other information you may 
need in order to decide?

22. Will the evaluation include a detailed projection of program 
cost and outcome goals?

23. Will the evaluation include objective, quantifiable goals for the 
program to be evaluated against?

24. Will progress reports be individualized, with objective quantifi-
able goals in all disciplines?
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25. Is the program responsive to the requests of the case manager? 
Does it solicit programing input from patient and family?

26. Will the evaluation specify the length of time the program 
would take to accomplish the goals stated in the evaluation?

27. Will the evaluation include an assessment of special needs 
upon discharge such as housing, job coach, vocational rehab, 
recreational, attendant care, social services, nursing home, 
parent’s home?

28. Are the progress reports, charts, medical records, and therapy 
documentation accessible upon request?

29. What is the average length of stay?

30. Will you provide me with a proposed service or treatment plan 
before I decide?

31. Will you coordinate with the program or service I am in now to 
facilitate a smooth admission and transition?

32. What is your understanding of the role of funding source in 
the decision-making process about the program I select?

33. What is your understanding of my role in the decision-making
process about the program I select?

34. What is your program’s greatest strength?

35. What distinguishes your program from its nearest competitor?

36. What is your program’s worst failing?

37. In an ideal world, what would you change about the program?

38. What is your program’s greatest success story?

40. What is your program’s worst failing?

41. What is the average outcome?

42. What is the average length of treatment?

43. What type of follow-up programs and services do you offer?

44. What is your staff to patient ratio?
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The Rehab Team

1. What are the qualifications of the members of the rehab team 
that would be assigned to my case? Does it employ the follow-
ing?

2. Do the licensed professionals provide more than half the treat-
ments for his or her discipline?

3. Does the program have a core of senior therapeutic and clinical 
-

ence?

4. Does the mentioned staff hold professional licensure? If so, are 
these licenses available for review?

5. Is the majority of therapy conducted on a one-to-one basis?

6. Is senior management and treating staff readily available for 
consultation or to answer your questions?

7. Does the program employ rather than use contract therapy 
and medical staff?

8. Does the program regularly obtain medical consultation for cli-
ent health issues?

9. Does the program have a medical director?

10. Will my personal physician be included in providing medical 
services while I am in the program?
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12. Will your doctors monitor medications and medication interac-
tions?

Insurance Matters and Program Costs

1. What agreement does the program have with my funding 
source?

2. What is the daily cost of the program?

3. What does this include (room and board, medications, physi-
cian services, therapy, transportation, and so forth)?

bed hold fees)?

6. Who is billed for services my funding source will not pay for?

The Rehab Setting

1. Does the facility have an outpatient program?

2. Do you provide follow up services in the home, the school, and 
the job?

3. Is therapy performed in a residential or clinical setting? What 
are the differences between the two models, and why do you 
believe one is more effective over the other?

4. Is therapy conducted in community settings, such as field trips, 
work and school settings, shopping malls?

5. Is the program designed to prepare the client for the intend-

work?

services and resources evaluated and addressed?

7. What local resources are used by the program to address the 
needs of the individual?

8. What do people generally do during unscheduled times?
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Family and Friends

1. Does your program involve family members and friends?

2. Are family members and friends involved in team meetings?

3. What kind of family training, support groups, and therapy is 
offered? Is there a charge for participation?

4. What is your policy about visitors?

and intimacy?

Home

1. Will I receive a written plan upon discharge that addresses is-
sues, such as housing, job coach, vocational rehab and counsel-
ing, recreational, social services, nursing home, parent’s home?

and attendant services will be necessary?

4. What type of adaptive equipment will be necessary?

6. What type of home modifications will be necessary?

accommodations will be necessary?

9. Does your program provide for respite services?

10. Does your program provide resources and services for caregivers?

11. Will your doctors continue to monitor my medications follow-
ing discharge?

12. Will your team work with my schools, employers, and social 
service agencies?

13. Will your program provide periodic post-program follow-up
sessions to reinforce the stage of compensatory mechanisms?

14. Will your team assist us with the transition to the home envi-
ronment including behavioral and mood problems?
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Overall Impressions

1. Did the evaluation provide you with more information than 
you had before the evaluation?

3. What are your greatest reservations concerning this program 
and how will you resolve them?

4. Total “yes” answers:

5. Total “no” answers:





Part Three

Genetic and Congenital 
Brain Disorders 
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X-linked adrenoleukodystrophy is a disorder that occurs most 
often in males. It mainly affects the nervous system and the adre-
nal glands, which are small glands located on top of each kidney. 
People with this disorder often have progressive destruction of the 
fatty covering (myelin) that insulates nerves in the brain and spinal 
cord. They may also have a shortage of certain hormones caused by 
damage to the outer layer of the adrenal glands (adrenal cortex). 
This hormonal deficiency is known as adrenocortical insufficiency. 
There are three distinct types of X-linked adrenoleukodystrophy: a 
childhood cerebral form, an adrenomyeloneuropathy type, and a type 
called Addison disease only.

Children with the cerebral form of X-linked adrenoleukodystro-
phy experience learning and behavioral problems that usually ap-
pear by the age of ten. Over time the symptoms worsen, and these 
children may have difficulty reading, writing, understanding speech, 
and comprehending written material. Additional signs and symptoms 
of the cerebral form include aggressive behavior, vision problems, and 
impaired adrenal gland function. The rate at which this disorder pro-
gresses is variable; however, total disability within several years is 
not uncommon.

Signs and symptoms of the adrenomyeloneuropathy type appear 
between early adulthood and middle age. Affected individuals develop 

Text in this chapter is excerpted from “X-Linked Adrenoleukodystrophy,” Ge-
netics Home Reference, U.S. Library of Medicine, September 2008.

Chapter 15
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progressive stiffness and weakness in their legs (paraparesis), experi-
ence urinary and genital tract disorders, and often show some degree 
of brain dysfunction. Most people with the adrenomyeloneuropathy 
type also have adrenocortical insufficiency.

When adrenocortical insufficiency occurs without any other symp-
toms, it is sometimes called Addison disease. People with X-linked 
adrenoleukodystrophy whose only symptom is adrenocortical insuf-
ficiency are said to have the Addison disease only form. Adrenocor-
tical insufficiency may cause weakness, weight loss, skin changes, 
vomiting, and coma. Most people initially diagnosed with the Addi-
son disease only form of X-linked adrenoleukodystrophy eventually 
develop all the signs of adrenomyeloneuropathy by the time they 
reach middle age.

For reasons that are unclear, different types of X-linked adrenoleu-
kodystrophy can be seen in affected individuals within the same family. 
The prevalence of X-linked adrenoleukodystrophy is approximately one 
in 20,000 individuals worldwide. This condition occurs with a similar 
frequency in all populations.

Genes related to X-linked adrenoleukodystrophy: Mutations 
in the ABCD1 gene cause X-linked adrenoleukodystrophy. The ABCD1 
gene provides instructions for producing the adrenoleukodystrophy 
protein (ALDP), which is involved in transporting molecules into per-
oxisomes. ABCD1 gene mutations result in a shortage (deficiency) of 
ALDP. When this protein is lacking, the breakdown of very long-chain 
fatty acids is disrupted, causing abnormally high levels of these fats 
in the body. The accumulation of very long-chain fatty acids may be 
toxic to the adrenal cortex and the myelin membranes that surround 
many of the nerves in the brain and spinal cord.

X-linked adrenoleukodystrophy inheritance: This condition is 
inherited in an X-linked pattern. A condition is considered X-linked if 
the mutated gene that causes the disorder is located on the X chromo-
some, one of the two sex chromosomes in each cell. In males (who have 
only one X chromosome), one altered copy of the gene in each cell is 
sufficient to cause the condition. Because females have two copies of 
the X chromosome, one altered copy of the gene in each cell usually 
leads to less severe symptoms in females than in males, or may cause 
no symptoms at all.

Many females who carry one altered copy of the ABCD1 gene do 
not have any features of X-linked adrenoleukodystrophy; however, 
some females with one altered copy of the gene have medical problems 
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associated with this disorder. The signs and symptoms of X-linked 
adrenoleukodystrophy tend to appear at a later age in females than 
in males. In affected women, the disorder is usually similar to the 
adrenomyeloneuropathy type, although it may occasionally impair 
adrenal gland function. Less commonly, affected females have signs 
of the childhood cerebral form of this condition.
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Batten disease is a fatal, inherited disorder of the nervous system 
that begins in childhood. Early symptoms of this disorder usually 
appear between the ages of five and ten years, when parents or phy-
sicians may notice a previously normal child has begun to develop 
vision problems or seizures. In some cases, the early signs are subtle 
taking the form of personality and behavior changes, slow learning, 
clumsiness, or stumbling. Over time, affected children suffer mental 
impairment, worsening seizures, and progressive loss of sight and 
motor skills. Eventually, children with Batten disease become blind, 
bedridden, and demented. Batten disease is often fatal by the late 
teens or twenties.

Batten disease is named after the British pediatrician who first 
described it in 1903. Also known as Spielmeyer-Vogt-Sjogren-Batten 
disease, it is the most common form of a group of disorders called neu-
ronal ceroid lipofuscinoses (NCL). Although Batten disease is usually 
regarded as the juvenile form of NCL, some physicians use the term 
Batten disease to describe all forms of NCL.

There are three other main types of NCL, including two forms that 
begin earlier in childhood and a very rare form that strikes adults. The 
symptoms of these three types are similar to those caused by Batten 
disease, but they become apparent at different ages and progress at 
different rates.

Chapter 16

Batten Disease (Neuronal 
Ceroid Lipofuscinoses)

Excerpted from “Batten Disease Fact Sheet,” National Institute of Neurological 
Disorders and Stroke (NINDS), updated October 23, 2009.
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about six months and two years of age and progresses rapidly. 
Affected children fail to thrive and have abnormally small heads 
(microcephaly). Also typical are short, sharp muscle contractions 
called myoclonic jerks. Patients usually die before age 5, al-
though some have survived in a vegetative state a few years 
longer.

-
tween ages two and four years. The typical early signs are loss of 
muscle coordination (ataxia) and seizures that do not respond to 
drugs. This form progresses rapidly and ends in death between 
ages eight and twelve years.

before the age of 40, causes milder symptoms that progress slowly, 
and does not cause blindness. Although age of death is variable 
among affected individuals, this form does shorten life expectancy.

Batten disease and other forms of NCL are relatively rare, occurring 
in an estimated 2–4 of every 100,000 live births in the United States. 
These disorders appear to be more common in Finland, Sweden, other 
parts of northern Europe, and Newfoundland, Canada. Although NCLs 
are classified as rare diseases, they often strike more than one person 
in families that carry the defective genes.

How are NCLs inherited?

Childhood NCLs are autosomal recessive disorders; that is, they 
occur only when a child inherits two copies of the defective gene, one 
from each parent. When both parents carry one defective gene, each 
of their children faces a one in four chance of developing NCL. At the 
same time, each child also faces a one in two chance of inheriting just 
one copy of the defective gene. Individuals who have only one defective 
gene are known as carriers, meaning they do not develop the disease, 
but they can pass the gene on to their own children. Because the mu-
tated genes that are involved in certain forms of Batten disease are 
known, carrier detection is possible in some instances.

Adult NCL may be inherited as an autosomal recessive, or less 
often, as an autosomal dominant disorder. In autosomal dominant 
inheritance, all people who inherit a single copy of the disease gene 
develop the disease. As a result, there are no unaffected carriers of 
the gene.
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What causes these diseases?

Symptoms of Batten disease and other NCLs are linked to a buildup 

These lipo-pigments are made up of fats and proteins. Their name 
comes from the technical word lipo, which is short for lipid or fat, and 
from the term pigment, used because they take on a greenish-yellow 
color when viewed under an ultraviolet light microscope. The lipo-
pigments build up in cells of the brain and the eye as well as in skin, 
muscle, and many other tissues. Inside the cells, these pigments form 
deposits with distinctive shapes that can be seen under an electron 
microscope. Some look like half-moons, others like fingerprints. These 
deposits are what doctors look for when they examine a skin sample 
to diagnose Batten disease.

The biochemical defects that underlie several NCL have recently 
been discovered. An enzyme called palmityl-protein thioesterase has 
been shown to be insufficiently active in the infantile form of Batten 
disease (this condition is now referred to as CLN1). In the late in-
fantile form (CLN2), a deficiency of an acid protease, an enzyme that 
hydrolyzes proteins, has been found as the cause of this condition. A 
mutated gene has been identified in juvenile Batten disease (CLN3), 
but the protein for which this gene codes has not been identified.

How are these disorders diagnosed?

Because vision loss is often an early sign, Batten disease may be 
first suspected during an eye exam. An eye doctor can detect a loss 
of cells within the eye that occurs in the three childhood forms of 
NCL. However, because such cell loss occurs in other eye diseases, 
the disorder cannot be diagnosed by this sign alone. Often, an eye 
specialist or other physician who suspects NCL may refer the child 
to a neurologist, a doctor who specializes in diseases of the brain and 
nervous system.

-
cal history and information from various laboratory tests. Diagnostic 
tests used for NCLs include the following:
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mutation in the gene for CLN3 is known, DNA analysis can be 
used to confirm the diagnosis or for the prenatal diagnosis of 
this form of Batten disease. When the mutation is known, DNA 
analysis can also be used to detect unaffected carriers of this 
condition for genetic counseling.)

Is there any treatment?

As yet, no specific treatment is known that can halt or reverse the 
symptoms of Batten disease or other NCLs. However, seizures can 
sometimes be reduced or controlled with anticonvulsant drugs, and 
other medical problems can be treated appropriately as they arise. At 
the same time, physical and occupational therapy may help patients 
retain function as long as possible.

Some reports have described a slowing of the disease in children 
with Batten disease who were treated with vitamins C and E and with 
diets low in vitamin A. However, these treatments did not prevent the 
fatal outcome of the disease.

Support and encouragement can help patients and families cope 
with the profound disability and dementia caused by NCLs. Often, 
support groups enable affected children, adults, and families to share 
common concerns and experiences. Meanwhile, scientists pursue medi-
cal research that could someday yield an effective treatment.
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-
plex name so that we understand what it means. Although complex 
the name is self-explanatory and gives an exact medical description 
regarding the location, mode of inheritance, causative factors, and the 
pathological outcome.

Cerebral: Relating to the brain; thus implying that other systems 
in the body are relatively unaffected.

Autosomal dominant: A method of inheritance, whereby a single 
abnormal copy of a gene causes disease, despite the fact that the other 
good copy of the gene is present.

Arteriopathy: Disease of the arteries, usually medium to small size 
arteries.

Subcortical: Relating to the portion of the brain immediately below 
the cerebral cortex. White matter and the deep gray structures consti-
tute the subcortical region. They play an important part in most higher 
functions such as sensation, voluntary muscle movement, thought, 
reasoning, memory, and so forth.

“Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and 
Leukoencephalopathy (CADASIL),” © 2010 United Leukodystrophy Foundation 
(www.ulf.org). Reprinted with permission.

Chapter 17
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Infarcts: Areas of tissue that have undergone a type of cell death 
(called necrosis), as a result of loss of blood supply.

Leukoencephalopathy: A disease of the brain caused by damage to 
the white matter.

What is the cause of CADASIL?

CADASIL is a inherited disorder caused by mutations in a gene 
called Notch3, which is a protein that is involved in determining cell 
fate during fetal development. For example, it might determine wheth-
er a particular cell will ultimately be a smooth muscle cell in the wall of 
a blood vessel, or if it will be a liver cell. Post-developmental function of 
Notch3 includes maintaining the integrity of the arterial vessel wall.

Mutation in Notch3 causes the arterial wall to disintegrate, which 
leads to a loss of blood supply in the region supplied by that blood ves-
sel. The abnormal Notch3 protein accumulates in blood vessels of the 
brain as well as in other parts of the body. The white matter and deeper 
parts of the brain are predominantly affected leading to infarcts.

CADASIL is an autosomal dominant disease, which means that a 
single abnormal copy of the Notch3 gene overrides the other “good” 
copy, producing disease. This means that if a parent is affected, every 
child of that parent has a 50% chance of having the disorder as well. 
If the child receives the abnormal copy, the child has a 100% chance 
of developing CADASIL.

What are the symptoms of CADASIL?

Initial symptoms of CADASIL, in the twenties or thirties, include 
migraine (a type of headache) and mood disorders, which may occur in 
30%–40% of patients. Magnetic resonance imaging (MRI) abnormali-
ties can be seen in the twenties and thirties as well. Strokes occur in 
the 40s and 50s. Over the next few decades as the disease advances, 
strokes and dementia are common symptoms. Death generally occurs 
10–20 years after the onset of strokes and dementia.

The most common symptoms of CADASIL include the following:

-
ing from changes in the sizes of the arteries in the brain. An aura 
refers to an abnormal sensation that the migraine is going to oc-
cur.

-
cur as a result of CADASIL, including depression.
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-
toms similar to those of a stroke.

-
tion, multi-tasking, and personality; the cognitive abilities gen-
erally decline as the disease worsens.

the body), walking difficulty, and visual impairment.

How can CADASIL be diagnosed?

Currently, the most reliable method of diagnosis is sequencing the 
Notch3 gene. This method can diagnose greater than 95% of cases of 
CADASIL with certainty. The method involves a blood test sent to a 
specialized laboratory. Availability of the test result makes diagnosis 
of other family members relatively easy.

Prior to availability of the gene tests, skin biopsy was used to di-
agnose CADASIL. A technique called electron microscopy was used to 
look for the characteristic accumulations of granular material (called 
granular osmiophilic material, or GOM) commonly seen in CADASIL. 
Presence of the material can positively diagnose CADASIL, though a 
negative result does not necessarily mean that the disease is not pres-
ent. Additionally, a skin biopsy tissue can be tested for the accumula-
tion of Notch3, using a molecule that specifically detects this protein. 
The accumulation occurs well before any symptoms, and therefore, it 
can be used to diagnose other family members. At this time, skin biopsy 
may be used to confirm doubtful cases.

Magnetic resonance imaging (MRI) may show characteristic al-
terations in the brain, but the alterations do not appear to be specific 
only to CADASIL. Therefore, brain MRI should not be considered as 
a single diagnostic tool.

How is CADASIL treated?

In a CADSAIL patient, migraine should be treated like most other 
patients of migraine, except the use of a group of medications called 
triptans (for example, Imitrex) is usually contraindicated due to in-
creased risk of stroke.

Several medications are used to prevent migraine in patients who 
have frequent or severe migraine attacks and these should be used 



226

Brain Disorders Sourcebook, Third Edition

as recommended by the neurologist. Some examples of preventative 
medications are valproic acid, topiramate, gabapentin, propranolol, 
and tricyclic anti-depressants. Acetazolamide has been used in the 
past due to its property of dilating blood vessels.

Most neurologists agree to use of low dose daily aspirin in patients 
with CADASIL. Aspirin is used in patients who have other risk fac-
tors for stroke such as diabetes and heart disease as a prophylactic 
(preventative) medication.

In the event of an acute stroke-like episode, patients with CADASIL 
should not be treated with a thrombolytic agent (clot dissolving medi-
cation). This medication is usually used in patients with acute stroke 
within the first three hours. Patients with CADASIL have an increased 
risk of bleeding in the brain. Therefore, the current consensus is that 
this type of medication should be avoided.

Smoking and use of birth control pills are risk factors for stroke. We 
encourage patients with CADASIL to limit their use. Healthy lifestyle 
with adequate exercise and control of other risk factors for stroke 
such as high blood pressure, diabetes, and high cholesterol are highly 
recommended.

Recently, a randomized trial that tested Donepezil (Aricept), a drug 
recommended for Alzheimer disease, did not find it to be effective in 
CADASIL. However, some patients may benefit in terms of improved 
concentration and attention.

Other forms of supportive therapies such as physical therapy and 
speech therapy are instituted for rehabilitation from stroke.

Other clinical names for CADASIL include:
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Genomics and neuroscience, two areas of science fundamental to 
psychiatry, have undergone revolutionary changes in the past 20 years. 
Yet methods of diagnosis and treatment for patients with mental dis-
orders have remained relatively unchanged. Indeed, during the same 
time, the public health burden of mental disorders has grown alarm-
ingly. Mental disorders are now among the largest sources of medical 
disability worldwide and, like acquired immunodeficiency syndrome 
(AIDS) and cancer, they are urgent and deadly.

will require that mental disorders be understood and treated as brain 
disorders. In the past, mental disorders were defined by the absence 
of a so-called organic lesion. Mental disorders became neurological 
disorders at the moment a lesion was found. With the advent of func-
tional neuroimaging, patterns of regional brain activity associated with 
normal and pathological mental experience can be visualized, including 
detection of abnormal activity in brain circuits in the absence of an 
identifiable structural lesion. If mental disorders are brain disorders, 
then the basic sciences of psychiatry must include neuroscience and 
genomics and the training of psychiatrists in the future needs to be 
profoundly different from what it has been in the past.

Chapter 18

Mental Health Disorders 
Rooted in Genetic Brain 

Disorders

Excerpted from “Psychiatry as a Clinical Neuroscience Discipline,” National 
Institute of Mental Health (NIMH), February 27, 2009. The complete document 
including references is available at http://www.nimh.nih.gov/about/director/
publications/psychiatry-as-a-clinical-neuroscience-discipline.shtml.
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Mental Disorders as Complex Genetic Disorders

Mental disorders are considered genetically complex, similar to 
hypertension, diabetes, and cancer. This means they are not the result 
of a single causative mutation as in cystic fibrosis; rather, several com-
mon genetic variations likely contribute to risk. Scores of genes will 
likely be involved in risk for schizophrenia, autism, bipolar disorder, 
and even the vulnerability to addiction, but, as we have seen in hy-
pertension and certain types of cancer, their function may aggregate 
around key intracellular pathways. In the past few months, the map 
of human haplotypes has been added to the map of the human genome 
(http://www.hapmap.org). This new map provides a guide to individual 
variation, a critical tool for identifying the vulnerability genes for ge-
netically complex disorders. Defining the risk architecture of the major 
psychiatric disorders appears now limited only by being able to identify 
the phenotypes and endo-phenotypes of the illnesses, having access to 
deoxyribonucleic acid (DNA) from enough patients and their relatives, 
and learning to detect critical gene-environment interactions.

It is also important to recognize the limitations of genetics for com-
plex illnesses, such as schizophrenia. Although identifying the alleles 
associated with psychopathology may indicate risk, it is not clear that 
genetics research will yield a binary diagnostic test for most of the 
psychiatric disorders. Nevertheless, identifying genetic variations as-
sociated with disease should provide a gateway into pathophysiology, 
revealing new targets for treatment. Genomics should also yield an 
approach to understanding risk and thus possible strategies for pre-
ventive interventions.

Gene-Environment Interactions

Twin studies and genetic epidemiological research indicate that 
the environment, in both a social and physical sense, interacts with 

of mental disorders. Psychiatry has spent much of the last century 
investigating the infantile roots of adult psychopathology. The current 
era is extending this investigation to molecular mechanisms, asking 
how environmental factors during critical intervals of development 
exert long-term effects on gene expression. Exploring the mechanisms 
of gene-environment interactions for depression is not substantially 
different from understanding how environmental toxins contribute to 

-
tal disorders the trigger may be psychosocial experiences, the exposure 
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may only have an impact at specific stages of development, and the 
effects may be limited to a narrow range of cells in the brain.

New Approaches to Neural Regulation

One of the major insights from the Human Genome Project has 
been the discovery of the number of human genes: roughly 23,000 with 
perhaps 50% of these expressed in the brain. It is likely that, until 
very recently, 99% of the literature on the neurochemistry of mental 
disorders has focused on less than 1% of the genome. Most genes code 
for many proteins, so the number of proteins in the brain undoubtedly 
exceeds 100,000. Theories of mental disorders based on a few mono-
amines, such as serotonin and dopamine, while helpful, will no doubt 
appear naive as research reveals vast numbers of new proteins found 
in the brain. In a sense, neuroscience is in a discovery phase, often 
called neurogenomics, with a goal of understanding where and when 
all of the genes in the brain are expressed.

Neurogenomics will provide maps of ribonucleic acid (RNA) in the 
brain and should alter our understanding of neuroanatomy, but is un-
likely to yield a biomarker for any mental disorder. Newer approaches, 
proteomics and metabolomics, attempt to measure all of the available 
proteins or metabolic pathways to detect potential biomarkers asso-
ciated with major mental disorders. It seems likely that among the 
vast sea of RNAs or proteins, some unique patterns will be associated 
with specific mental disorders, providing either a trait or state marker 
that will permit a finer grain of diagnosis than has been possible with 

nervous system cells, or peripheral cells grown in culture, but the sig-
nificances of these results may be limited by our inability to sample 
cells in the relevant brain circuits. Early results in schizophrenia, 
posttraumatic stress disorder, and autism are just emerging.

Although the number of DNA variations, RNA expression patterns, 
or protein changes that have been linked to mental disorders remain 
limited, molecular and cellular neuroscience studies are already 
pointing to critical principles of neural regulation. For example, the 
increasing recognition of neurogenesis in the adult brain has led to 
a novel hypothesis of the pathophysiology and treatment of depres-
sion. Clinical imaging studies have reported decreased hippocampal 
volume in people with major depressive disorder. Although it is not 
clear that depression is associated with reduced neurogenesis and 
changes in hippocampal volume have yet to be shown to be part of the 
pathophysiology of depression, animal studies have demonstrated that 
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stress reduces neurogenesis in these regions and several classes of 
antidepressants increase the rate of neurogenesis in the hippocampus. 

also reduced the behavioral effect of the antidepressant. The resulting 
hypothesis is that chronic stress reduces the rate of neurogenesis in 
a critical pool of forebrain neurons, leading to a depressive episode in 
genetically vulnerable individuals. The importance of this hypothesis 
is that it introduces a long roster of known molecular mechanisms for 
neurogenesis as novel targets for developing new classes of pharma-
cological and behavioral treatments.

Revealing Brain Systems as Biomarkers

Ultimately, biomarkers for mental disorders may not be proteins 
or neurotransmitters but may emerge from neuroimaging (functional 
magnetic resonance imaging, single-photon emission computed to-
mography). Logically, if these are disorders of brain systems, then 
the visualization of abnormal patterns of brain activity should detect 
the pathology of these illnesses. One can imagine studies in which 
patterns of brain activation following stimulation may be diagnostic, 
just as cardiac imaging during a stress test is now used to diagnose 
coronary artery disease.

Multiple approaches to identifying abnormal functional activity in 
the brain already are emerging, from functional magnetic resonance 
imaging to in vivo neurochemistry and studies of brain receptors. One 
approach uses functional imaging to identify differences in regional 
activity. For instance, evidence from several different approaches im-
plicates circuitry involving ventral, medial prefrontal cortex (Area 
25) with major depressive disorder. In addition to structural studies 
reporting decreased gray matter volume in this region, positron emis-
sion tomographic studies comparing responders and non-responders 
to selective serotonin reuptake inhibitors, treatment with selective 
serotonin reuptake inhibitors and cognitive behavior therapy, and 
even placebo responders with non-responders have all shown that re-
covery from depression is associated with a decrease in activity in this 
region. This region has nearly the highest serotonergic innervation in 
the human forebrain as measured by the expression of the serotonin 
transporter. Individuals with the short allele of the serotonin trans-
porter gene have reduced expression of the transporter and appear to 
be at a higher risk for developing depression following stressful life 
events. Recently, this short allele has been shown to be associated with 
reduced gray matter volume of Area 25 and uncoupling of an anterior 
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cingulate-amygdala circuit necessary for extinction of negative affect, 
providing a model for linking genetic risk and environmental stress to 
a specific neural circuit implicated in depression. Studies of this circuit 
might soon be used to predict response to treatment, just as imaging 
is used to predict treatment response in other areas of medicine.

As another approach, imaging of receptors may reveal regional 
abnormalities that could serve as a biomarker or diagnostic test. How-
ever, only a few applications to date are promising for patient care. 
Although there is a recent report of reduced serotonin 1a receptor bind-
ing in the cingulate cortex of patients with panic disorder and there 
are remarkable reports of enduring changes in striatal dopamine D2 
receptors following psychostimulant abuse, no receptor studies exist for 
the diagnosis or treatment of major mental disorders. Unfortunately, 
relatively few radioligands for membrane-bound receptors have been 
identified, and the technique may fail to detect small, localized changes 
or intracellular changes distal to the receptor. Despite these shortcom-
ings, it seems likely that imaging receptors or cell signaling pathways 
could allow a quantitative approach to biodiagnosis of mental disorders 
in the coming decade.

Training in clinical neuroscience: The recognition that mental 
disorders are brain disorders suggests that psychiatrists of the future 
will need to be educated as brain scientists. Indeed, psychiatrists and 
neurologists may be best considered clinical neuroscientists, applying 
the revolutionary insights from neuroscience to the care of those with 
brain disorders. The recent scientific recognition of the importance of 
effective treatments of mental illnesses in cardiovascular disease and 
diabetes mandates the incorporation of psychiatry into truly integrated 
and effective treatment teams.

Future treatment: Currently, patients with mental disorders are 
treated episodically with medications that are focused on symptoms and 
not on the core pathology. The available treatments are slow, incomplete, 
and can be limited by adverse effects. In mental disorders, just as in 
the rest of medicine, better understanding of pathophysiology should 
yield diagnosis based on biomarkers and treatments based on rational 
designs targeting the pathophysiology. It is critical to realize that clini-
cal neuroscience does not entail designing exotic technologies for a few 
privileged patients. The ultimate goal is personalized or individualized 
care for a broad spectrum of patients with mental disorders. Recently 
a better understanding of pathophysiology has led to a strategy for 
individualizing treatment of cancer. Currently in psychiatry, specific 
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treatments for any given patient are largely developed empirically. 
With more knowledge about the pathophysiology of mental disorders, 
treatments should become more specific, more effective, and ultimately 
more accessible.

Clinical neuroscience can now look forward to an era of translation 
with more accurate diagnoses and better treatments as well as very 
early detection and prevention. Early detection will require a thorough 
understanding of risk, based on a comprehensive understanding of 
genetics and experience. For example, preventive interventions might 
be available to prevent a first psychotic episode in an adolescent at 
high risk for schizophrenia.
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Aicardi syndrome is a rare genetic disorder that primarily affects 
newborn girls. The condition is sporadic, meaning it is not known to 
pass from parent to child. (An exception is a report of two sisters and 
a pair of identical twins, all of whom were affected.) The mutation 
that causes Aicardi syndrome has not been identified. Scientists be-
lieve that the gene associated with the condition is located on the X 
chromosome because nearly all affected individuals are female and 
the only reports of boys having Aicardi syndrome are in boys born 
with an extra X chromosome. (Females have two X chromosomes, 
while males normally have an X and a Y chromosome.) Girls with 
Aicardi syndrome often develop seizures prior to three months and 
most before one year of age.

Originally, Aicardi syndrome was characterized by three main fea-
tures: 1) partial or complete absence of the structure (corpus callosum) 
that links the two halves of the brain; 2) complex seizures, generally 
starting as infantile spasms; and, 3) retinal lacunae, lesions on the 

Chapter 19

Other Inherited 
Neurological Disorders

This chapter includes excerpts from the following National Institute of Neu-
rological Disorders and Stroke (NINDS) documents: “Aicardi Syndrome Informa-

2008; “Gerstmann-Sträussler-Scheinker Disease Information Page,” February 13, 
2007; “Infantile Neuroaxonal Dystrophy Information Page, February 14, 2007; and 
“Leigh Disease Information Page,” October 8, 2008.
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retina that look like yellowish spots. However, Aicardi syndrome is 
now known to have a much broader spectrum of abnormalities than 
was initially described. Not all girls with the condition have the three 
features described above and many girls have additional features.

Typical findings in the brain of girls with Aicardi syndrome include 
heterotopias, which are groups of brain cells that, during development, 
migrated to the wrong area of brain; polymicrogyria or pachygyria, 

filled cavities) in the brain. Girls with Aicardi syndrome have varying 
degrees of mental retardation and developmental delay. Many girls 
also have developmental abnormalities of their optic nerves and some 
have microphthalmia (small eyes). Skeletal problems such as absent 
or abnormal ribs and abnormalities of vertebrae in the spinal column 

-
ported. Some girls also have skin problems, facial asymmetry, or other 
characteristic facial features.

Treatment: There is no cure for Aicardi syndrome nor is there a 
standard course of treatment. Treatment generally involves medical 
management of seizures and programs to help parents and children 
cope with developmental delays. Long-term management by a pediatric 
neurologist with expertise in the management of infantile spasms is 
recommended.

Prognosis: The prognosis for girls with Aicardi syndrome varies 
according to the severity of their symptoms. There is an increased risk 
for death in childhood and adolescence, but survivors into adulthood 
have been described.

Alpers Disease

Alpers disease is a rare, genetically determined disease of the brain 
that causes progressive degeneration of grey matter in the cerebrum. 
The first sign of the disease usually begins early in life with convul-
sions. Other symptoms are developmental delay, progressive mental 
retardation, hypotonia (low muscle tone), spasticity (stiffness of the 
limbs), dementia, and liver conditions such as jaundice and cirrhosis 
that can lead to liver failure. Optic atrophy may also occur, often caus-
ing blindness. Researchers believe that Alpers disease is caused by an 
underlying metabolic defect. A number of individuals with Alpers 
disease have mutations in the polymerase-gamma gene, which re-
sults in the depletion of mitochondrial deoxyribonucleic acid (DNA). 
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Researchers suspect that Alpers disease is sometimes misdiagnosed 
as childhood jaundice or liver failure, since the only method of making 
a definitive diagnosis is by autopsy or brain biopsy after death.

Treatment: There is no cure for Alpers disease and no way to slow 
its progression. Treatment is symptomatic and supportive. Anticon-
vulsants may be used to treat the seizures. Valproate should be used 
with caution since it can increase the risk of liver failure. Physical 
therapy may help to relieve spasticity and maintain or increase muscle 
tone.

Prognosis: The prognosis for individuals with Alpers disease is 
poor. Those with the disease usually die within their first decade of 
life. Continuous, unrelenting seizures often lead to death. Liver failure 
and cardiorespiratory failure may also occur.

Gerstmann-Sträussler-Scheinker Disease

Gerstmann-Sträussler-Scheinker disease (GSS) is an extremely 
rare, neurodegenerative brain disorder. It is almost always inherited 
and is found in only a few families around the world. Onset of the 
disease usually occurs between the ages of 35 and 55. In the early 
stages, patients may experience varying levels of ataxia (lack of muscle 
coordination), including clumsiness, unsteadiness, and difficulty walk-
ing. As the disease progresses, the ataxia becomes more pronounced 
and most patients develop dementia. Other symptoms may include 
dysarthria (slurring of speech), nystagmus (involuntary movements of 
the eyes), spasticity (rigid muscle tone), and visual disturbances, some-
times leading to blindness. Deafness also can occur. In some families, 
parkinsonian features are present. GSS belongs to a family of human 
and animal diseases known as the transmissible spongiform encephal-

and fatal familial insomnia.

Treatment: There is no cure for GSS, nor are there any known 
treatments to slow progression of the disease. Current therapies are 
aimed at alleviating symptoms and making the patient as comfortable 
as possible.

Prognosis: GSS is a slowly progressive condition usually lasting 
from two to ten years. The disease ultimately causes severe disability 
and finally death, often after the patient goes into a coma or has a 
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secondary infection such as aspiration pneumonia due to an impaired 
ability to swallow.

Infantile Neuroaxonal Dystrophy

Infantile neuroaxonal dystrophy (INAD) is a rare inherited neurologi-
cal disorder. It affects axons, the part of a nerve cell that carries mes-
sages from the brain to other parts of the body, and causes progressive 
loss of vision, muscular control, and mental skills. While the basic genetic 
and metabolic causes are unknown, INAD is the result of an abnormal 
build-up of toxic substances in nerves that communicate with muscles, 
skin, and the conjunctive tissue around the eyes. Symptoms usually 
begin within the first two years of life, with the loss of head control and 
the ability to sit, crawl, or walk, accompanied by deterioration in vision 
and speech. Some children may have seizures. Distinctive facial defor-
mities may be present at birth, including a prominent forehead, crossed 
eyes, an unusually small nose or jaw, and large, low-set ears. INAD is 
an autosomal recessive disorder, which means that both parents must 
be carriers of the defective gene that causes INAD to pass it on to their 
child. Electrophysiology (nerve conduction velocities) may be helpful 
for diagnosis, although diagnosis is usually confirmed by tissue biopsy 
of skin, rectum, nerve, or conjunctive tissue to confirm the presence of 
characteristic swellings (spheroid bodies) in the nerve axons.

Treatment: There is no cure for INAD and no treatment that can 
stop the progress of the disease. Treatment is symptomatic and sup-
portive. Doctors can prescribe medications for pain relief and sedation. 
Physiotherapists and other physical therapists can teach parents and 
caregivers how to position and seat their child, and to exercise arms 
and legs to maintain comfort.

Prognosis: INAD is a progressive disease. Once symptoms begin, 

slow down between the ages of six months to three years. The first symp-
toms may be slowing of motor and mental development, followed by loss 
or regression of previously acquired skills. Rapid, wobbly eye movements 

body and legs (more than in the arms). For the first few years, a baby 
with INAD will be alert and responsive, despite being increasingly physi-
cally impaired. Eventually, because of deterioration in vision, speech, 
and mental skills, the child will lose touch with its surroundings. Death 
usually occurs between the ages of five to ten years.



237

Other Inherited Neurological Disorders

Leigh Disease

Leigh disease is a rare inherited neurometabolic disorder that af-
fects the central nervous system. This progressive disorder begins in 
infants between the ages of three months and two years. Rarely, it oc-
curs in teenagers and adults. Leigh disease can be caused by mutations 
in mitochondrial DNA or by deficiencies of an enzyme called pyruvate 
dehydrogenase. Symptoms of Leigh disease usually progress rapidly. 
The earliest signs may be poor sucking ability, and the loss of head 
control and motor skills. These symptoms may be accompanied by 
loss of appetite, vomiting, irritability, continuous crying, and seizures. 
As the disorder progresses, symptoms may also include generalized 
weakness, lack of muscle tone, and episodes of lactic acidosis, which 
can lead to impairment of respiratory and kidney function.

In Leigh disease, genetic mutations in mitochondrial DNA interfere 
with the energy sources that run cells in an area of the brain that plays 
a role in motor movements. The primary function of mitochondria is to 
convert the energy in glucose and fatty acids into a substance called 
adenosine triphosphate (ATP). The energy in ATP drives virtually all 

DNA, therefore, result in a chronic lack of energy in these cells, which 
in turn affects the central nervous system and causes progressive 
degeneration of motor functions.

There is also a form of Leigh disease (called X-linked Leigh disease) 
which is the result of mutations in a gene that produces another group 
of substances that are important for cell metabolism. This gene is only 
found on the X chromosome.

Treatment: The most common treatment for Leigh disease is thia-
mine or Vitamin B1. Oral sodium bicarbonate or sodium citrate may 
also be prescribed to manage lactic acidosis. Researchers are currently 
testing dichloroacetate to establish its effectiveness in treating lactic 
acidosis. In individuals who have the X-linked form of Leigh disease, 
a high-fat, low-carbohydrate diet may be recommended.

Prognosis: The prognosis for individuals with Leigh disease is poor. 
Individuals who lack mitochondrial complex IV activity and those with 
pyruvate dehydrogenase deficiency tend to have the worst prognosis 
and die within a few years. Those with partial deficiencies have a bet-
ter prognosis, and may live to be six or seven years of age. Some have 
survived to their mid-teenage years.
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Section 20.1

Agenesis of the Corpus Callosum
Text in this section is from “Agenesis of the Corpus Callosum 

Information Page,” National Institute of Neurological Disorders and 
Stroke (NINDS), October 1, 2007.

Agenesis of the corpus callosum (ACC) is a birth defect in which 
the structure that connects the two hemispheres of the brain (the 
corpus callosum) is partially or completely absent. ACC can occur 
as an isolated condition or in combination with other cerebral ab-
normalities, including Arnold-Chiari malformation, Dandy-Walker 
syndrome, Andermann syndrome, schizencephaly (clefts or deep divi-
sions in brain tissue), and holoprosencephaly (failure of the forebrain 
to divide into lobes). Girls may have a gender-specific condition called 
Aicardi syndrome, which causes severe mental retardation, seizures, 
abnormalities in the vertebra of the spine, and lesions on the retina of 
the eye. ACC can also be associated with malformations in other parts 
of the body, such as midline facial defects. The effects of the disorder 
range from subtle or mild to severe, depending on associated brain 
abnormalities. Intelligence may be normal with mild compromise of 
skills requiring matching of visual patterns. But children with the 
most severe brain malformations may have intellectual retardation, 
seizures, hydrocephalus, and spasticity.

Treatment: There is no standard course of treatment for ACC. 
Treatment usually involves management of symptoms and seizures 
if they occur.

Prognosis: Depends on the extent and severity of malformations. 
ACC does not cause death in the majority of children. Mental retarda-
tion does not worsen. Although many children with the disorder have 
average intelligence and lead normal lives, neuropsychological test-
ing reveals subtle differences in higher cortical function compared to 
individuals of the same age and education without ACC.
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Section 20.2

Arteriovenous Malformations 
and Other Vascular Lesions

Excerpted from “Arteriovenous Malformations and Other Vascular 
Lesions of the Central Nervous System,” National Institute of Neurologi-

cal Disorders and Stroke (NINDS), December 18, 2009.

Arteriovenous malformations (AVMs) are defects of the circulatory 
system that are generally believed to arise during embryonic or fetal 
development or soon after birth. They are comprised of snarled tangles 
of arteries and veins. Arteries carry oxygen-rich blood away from the 

lungs and heart. The absence of capillaries—small blood vessels that 
connect arteries to veins—creates a short-cut for blood to pass directly 
from arteries to veins. The presence of an AVM disrupts this vital cycli-
cal process. Although AVMs can develop in many different sites, those 
located in the brain or spinal cord—the two parts of the central nervous 
system—can have especially widespread effects on the body.

AVMs of the brain or spinal cord (neurological AVMs) are believed 
to affect approximately 300,000 Americans. They occur in males and 
females of all racial or ethnic backgrounds at roughly equal rates.

Symptoms: Most people with neurological AVMs experience few, 
if any, significant symptoms, and the malformations tend to be discov-
ered only incidentally, usually either at autopsy or during treatment 
for an unrelated disorder. But for about 12% of the affected population 
(about 36,000 of the estimated 300,000 Americans with AVMs), these 
abnormalities cause symptoms that vary greatly in severity. For a small 
fraction of the individuals within this group, such symptoms are severe 
enough to become debilitating or even life-threatening. Each year about 
1% of those with AVMs will die as a direct result of the AVM.

Seizures and headaches are the most generalized symptoms of 
AVMs, but no particular type of seizure or headache pattern has been 
identified. AVMs also can cause a wide range of more specific neurologi-
cal symptoms that vary from person to person, depending primarily 
upon the location of the AVM. Such symptoms may include muscle 
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weakness or paralysis in one part of the body; a loss of coordination 
(ataxia) that can lead to such problems as gait disturbances; apraxia, or 
difficulties carrying out tasks that require planning; dizziness; visual 
disturbances such as a loss of part of the visual field; an inability to con-
trol eye movement; papilledema (swelling of a part of the optic nerve 
known as the optic disk); various problems using or understanding 
language (aphasia); abnormal sensations such as numbness, tingling, 
or spontaneous pain (paresthesia or dysesthesia); memory deficits; 
and mental confusion, hallucinations, or dementia. Researchers have 
recently uncovered evidence that AVMs may also cause subtle learn-
ing or behavioral disorders in some people during their childhood or 
adolescence, long before more obvious symptoms become evident.

One of the more distinctive signs indicating the presence of an AVM 
is an auditory phenomenon called a bruit, coined from the French word 
meaning noise. (A sign is a physical effect observable by a physician, 
but not by a patient.) Doctors use this term to describe the rhythmic, 

arteries and veins of an AVM.
Symptoms caused by AVMs can appear at any age, but because 

these abnormalities tend to result from a slow buildup of neurologi-
cal damage over time they are most often noticed when people are in 
their twenties, thirties, or forties. If AVMs do not become symptomatic 
by the time people reach their late forties or early fifties, they tend 
to remain stable and rarely produce symptoms. In women, pregnancy 
sometimes causes a sudden onset or worsening of symptoms, due to 
accompanying cardiovascular changes, especially increases in blood 
volume and blood pressure.

In contrast to the vast majority of neurological AVMs, one especially 
severe type causes symptoms to appear at, or very soon after, birth. 
Called a vein of Galen defect after the major blood vessel involved, 
this lesion is located deep inside the brain. It is frequently associated 

the brain, often with visible enlargement of the head), swollen veins 
visible on the scalp, seizures, failure to thrive, and congestive heart 
failure. Children born with this condition who survive past infancy 
often remain developmentally impaired.

How do AVMs damage the brain and spinal cord?

AVMs become symptomatic only when the damage they cause to the 
brain or spinal cord reaches a critical level. This is one of the reasons 
why a relatively small fraction of people with these lesions experiences 
significant health problems related to the condition. AVMs damage the 
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brain or spinal cord through three basic mechanisms: by reducing the 
amount of oxygen reaching neurological tissues; by causing bleeding 
(hemorrhage) into surrounding tissues; and by compressing or displac-
ing parts of the brain or spinal cord.

Where do neurological AVMs tend to form?

AVMs can form virtually anywhere in the brain or spinal cord—wher-
ever arteries and veins exist. Some are formed from blood vessels located 
in the dura mater or in the pia mater, the outermost and innermost, re-
spectively, of the three membranes surrounding the brain and spinal cord. 
(The third membrane, called the arachnoid, lacks blood vessels.)

Dural and pial AVMs can appear anywhere on the surface of the brain. 
Those located on the surface of the cerebral hemispheres—the uppermost 

gray matter. Depending on their location, these AVMs may damage por-
tions of the cerebral cortex involved with thinking, speaking, understand-
ing language, hearing, taste, touch, or initiating and controlling voluntary 
movements. AVMs located on the frontal lobe close to the optic nerve or 
on the occipital lobe, the rear portion of the cerebrum where images are 
processed, may cause a variety of visual disturbances.

AVMs also can form from blood vessels located deep inside the 
interior of the cerebrum. These AVMs may compromise the functions 
of three vital structures: the thalamus, which transmits nerve signals 
between the spinal cord and upper regions of the brain; the basal gan-
glia surrounding the thalamus, which coordinate complex movements; 
and the hippocampus, which plays a major role in memory.

AVMs can affect other parts of the brain besides the cerebrum. The 
hindbrain is formed from two major structures: the cerebellum, which 
is nestled under the rear portion of the cerebrum, and the brainstem, 
which serves as the bridge linking the upper portions of the brain with 
the spinal cord. These structures control finely coordinated movements, 
maintain balance, and regulate some functions of internal organs, 
including those of the heart and lungs. AVM damage to these parts 
of the hindbrain can result in dizziness, giddiness, vomiting, a loss 
of the ability to coordinate complex movements such as walking, or 
uncontrollable muscle tremors.

What are the health consequences of AVMs?

The greatest potential danger posed by AVMs is hemorrhage. Re-
searchers believe that each year between 2%–4% of all AVMs hemor-
rhage. Most episodes of bleeding remain undetected at the time they 
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occur because they are not severe enough to cause significant neuro-
logical damage. But massive, even fatal, bleeding episodes do occur. The 
present state of knowledge does not permit doctors to predict whether 
or not any particular person with an AVM will suffer an extensive 
hemorrhage. The lesions can remain stable or can suddenly begin to 
grow. In a few cases, they have been observed to regress spontaneously. 
Whenever an AVM is detected, the individual should be carefully and 
consistently monitored for any signs of instability that may indicate 
an increased risk of hemorrhage.

A few physical characteristics appear to indicate a greater-than-
usual likelihood of clinically significant hemorrhage. Smaller AVMs 
have a greater likelihood of bleeding than do larger ones. Impaired 
drainage by unusually narrow or deeply situated veins also increases 
the chances of hemorrhage. Pregnancy also appears to increase the 
likelihood of clinically significant hemorrhage, mainly because of in-
creases in blood pressure and blood volume. Finally, AVMs that have 
hemorrhaged once are about nine times more likely to bleed again 
during the first year after the initial hemorrhage than are lesions that 
have never bled.

The damaging effects of a hemorrhage are related to lesion loca-
tion. Bleeding from AVMs located deep inside the interior tissues, or 
parenchyma, of the brain typically causes more severe neurological 
damage than does hemorrhage by lesions that have formed in the dural 
or pial membranes or on the surface of the brain or spinal cord. (Deeply 
located bleeding is usually referred to as an intracerebral or parenchy-
mal hemorrhage; bleeding within the membranes or on the surface of 
the brain is known as subdural or subarachnoid hemorrhage.) Thus, 
location is an important factor to consider when weighing the relative 
risks of surgical versus non-surgical treatment of AVMs.

What other types of vascular lesions affect the central ner-
vous system?

Besides AVMs, three other main types of vascular lesion can arise 
in the brain or spinal cord: cavernous malformations, capillary telangi-
ectases, and venous malformations. These lesions may form virtually 
anywhere within the central nervous system, but unlike AVMs, they 

contrast, cavernous malformations, telangiectases, and venous malfor-

and veins, each one involves only one type of blood vessel. These le-
sions are less unstable than AVMs and do not pose the same relatively 
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to cause fewer troubling neurological symptoms and require less ag-
gressive treatment than do AVMs.

What causes vascular lesions?

Although the cause of these vascular anomalies of the central ner-
vous system is not yet well understood, scientists believe that they 
most often result from mistakes that occur during embryonic or fetal 
development. These mistakes may be linked to genetic mutations in 
some cases. A few types of vascular malformations are known to be 
hereditary and thus are known to have a genetic basis. Some evidence 
also suggests that at least some of these lesions are acquired later in 
life as a result of injury to the central nervous system.

Researchers have recently identified changes in the chemical struc-
tures of various angiogenic factors in some people who have AVMs or 
other vascular abnormalities of the central nervous system. However, 
it is not yet clear how these chemical changes actually cause changes 
in blood vessel structure.

By studying patterns of familial occurrence, researchers have es-
tablished that one type of cavernous malformation involving multiple 
lesion formation is caused by a genetic mutation in chromosome 7. This 
genetic mutation appears in many ethnic groups, but it is especially 
frequent in a large population of Hispanic Americans living in the 
Southwest; these individuals share a common ancestor in whom the 
genetic change occurred

How are AVMs and other vascular lesions detected?

Physicians now use an array of traditional and new imaging tech-
nologies to uncover the presence of AVMs. Angiography provides the 
most accurate pictures of blood vessel structure in AVMs. The tech-
nique requires injecting a special water-soluble dye, called a contrast 
agent, into an artery. The dye highlights the structure of blood vessels 
so that it can be recorded on conventional x-rays. Although angiogra-
phy can record fine details of vascular lesions, the procedure is some-
what invasive and carries a slight risk of causing a stroke. Its safety, 
however, has recently been improved through the development of more 
precise techniques for delivering dye to the site of an AVM.

Two of the most frequently employed noninvasive imaging technolo-
gies used to detect AVMs are computed tomography (CT) and magnetic 
resonance imaging (MRI) scans. CT scans use x-rays to create a series 
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of cross-sectional images of the head, brain, or spinal cord and are es-
pecially useful in revealing the presence of hemorrhage. MRI imaging, 
however, offers superior diagnostic information by using magnetic fields 
to detect subtle changes in neurological tissues. A recently developed ap-
plication of MRI technology—magnetic resonance angiography (MRA)—

cord. CT, MRI, and MRA can provide three-dimensional representations 
of AVMs by taking images from multiple angles.

How can AVMs and other vascular lesions be treated?

Medication can often alleviate general symptoms such as head-
ache, back pain, and seizures caused by AVMs and other vascular 
lesions. However, the definitive treatment for AVMs is either surgery 
or focused irradiation therapy. Venous malformations and capillary 
telangiectases rarely require surgery; moreover, their structures are 
diffuse and usually not suitable for surgical correction and they usu-
ally do not require treatment anyway. Cavernous malformations are 
usually well defined enough for surgical removal, but surgery on these 
lesions is less common than for AVMs because they do not pose the 
same risk of hemorrhage.

The decision to perform surgery on any individual with an AVM 
requires a careful consideration of possible benefits versus risks. The 
natural history of an individual AVM is difficult to predict; however, left 
untreated, they have the potential of causing significant hemorrhage, 
which may result in serious neurological deficits or death.

Today, three surgical options exist for the treatment of AVMs: con-
ventional surgery, endovascular embolization, and radiosurgery. The 
choice of treatment depends largely on the size and location of an AVM. 
Because so many variables are involved in treating AVMs, doctors 
must assess the danger posed to individuals largely on a case-by-case 
basis.
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Section 20.3

Moebius Syndrome
Excerpted from “Moebius Syndrome Information Page,” 
National Institute of Neurological Disorders (NINDS), 

September 16, 2008.

Moebius syndrome is a rare birth defect caused by the absence or 
underdevelopment of the 6th and 7th cranial nerves, which control eye 
movements and facial expression. Many of the other cranial nerves 
may also be affected, including the 3rd, 5th, 8th, 9th, 11th, and 12th. The first 
symptom, present at birth, is an inability to suck. Other symptoms can 
include: feeding, swallowing, and choking problems; excessive drooling; 
crossed eyes; lack of facial expression; inability to smile; eye sensitiv-
ity; motor delays; high or cleft palate; hearing problems; and speech 
difficulties. Children with Moebius syndrome are unable to move their 
eyes back and forth. Decreased numbers of muscle fibers have been 
reported. Deformities of the tongue, jaw, and limbs, such as clubfoot 
and missing or webbed fingers, may also occur. As children get older, 
lack of facial expression and inability to smile become the dominant 
visible symptoms. Approximately 30%–40% of children with Moebius 
syndrome have some degree of autism.

There are four recognized categories of Moebius syndrome:

control the cranial nerves;

the facial peripheral nerve;

and other brain cells, microscopic areas of damage, and hard-
ened tissue in the brainstem nuclei; and

of lesions in the cranial nerve.

Treatment: There is no specific course of treatment for Moebius 
syndrome. Treatment is supportive and in accordance with symptoms. 
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Infants may require feeding tubes or special bottles to maintain suf-
ficient nutrition. Surgery may correct crossed eyes and improve limb 
and jaw deformities. Physical and speech therapy often improves motor 
skills and coordination, and leads to better control of speaking and eat-
ing abilities. Plastic reconstructive surgery may be beneficial in some 
individuals. Nerve and muscle transfers to the corners of the mouth 
have been performed to provide limited ability to smile.

Prognosis: There is no cure for Moebius syndrome. In spite of the 
impairments that characterize the disorder, proper care and treatment 
give many individuals a normal life expectancy.

Section 20.4

Neuronal Migration Disorders
Excerpted from “Neuronal Migration Disorders Information Page,” 
National Institute of Neurological Disorders and Stroke (NINDS), 

February 14, 2007.

Neuronal migration disorders (NMDs) are a group of birth defects 
caused by the abnormal migration of neurons in the developing brain 
and nervous system. In the developing brain, neurons must migrate 
from the areas where they are born to the areas where they will settle 
into their proper neural circuits. Neuronal migration, which occurs as 
early as the second month of gestation, is controlled by a complex as-
sortment of chemical guides and signals. When these signals are absent 
or incorrect, neurons do not end up where they belong. This can result 
in structurally abnormal or missing areas of the brain in the cerebral 
hemispheres, cerebellum, brainstem, or hippocampus. The structural 
abnormalities found in NMDs include schizencephaly, porencephaly, 
lissencephaly, agyria, macrogyria, pachygyria, microgyria, micropoly-
gyria, neuronal heterotopias (including band heterotopia), agenesis 
of the corpus callosum, and agenesis of the cranial nerves. Symptoms 
vary according to the abnormality, but often feature poor muscle tone 
and motor function, seizures, developmental delays, mental retarda-
tion, failure to grow and thrive, difficulties with feeding, swelling in 
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the extremities, and a smaller than normal head. Most infants with an 
NMD appear normal, but some disorders have characteristic facial or 
skull features that can be recognized by a neurologist. Several genetic 
abnormalities in children with NMDs have been identified. Defects in 
genes that are involved in neuronal migration have been associated 
with NMDs, but the role they play in the development of these dis-
orders is not yet well-understood. More than 25 syndromes resulting 
from abnormal neuronal migration have been described. Among them 
are syndromes with several different patterns of inheritance; genetic 
counseling thus differs greatly between syndromes.

Treatment: Treatment is symptomatic, and may include anti-seizure 
medication and special or supplemental education consisting of physi-
cal, occupational, and speech therapies.

Prognosis: The prognosis for children with NMDs varies depend-
ing on the specific disorder and the degree of brain abnormality and 
subsequent neurological losses.
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Cephalic disorders are congenital conditions that stem from damage 
to, or abnormal development of, the budding nervous system. Cephalic 
is a term that means head or head end of the body. Congenital means 
the disorder is present at, and usually before, birth. Although there 

describes only cephalic conditions.
Cephalic disorders are not necessarily caused by a single factor but 

-
mental exposures during pregnancy such as medication taken by the 
mother, maternal infection, or exposure to radiation. Some cephalic 
disorders occur when the cranial sutures (the fibrous joints that con-
nect the bones of the skull) join prematurely. Most cephalic disorders 
are caused by a disturbance that occurs very early in the development 
of the fetal nervous system.

The human nervous system develops from a small, specialized plate 
of cells on the surface of the embryo. Early in development, this plate 
of cells forms the neural tube, a narrow sheath that closes between 
the third and fourth weeks of pregnancy to form the brain and spinal 
cord of the embryo. Four main processes are responsible for the devel-
opment of the nervous system: cell proliferation, the process in which 
nerve cells divide to form new generations of cells; cell migration, the 
process in which nerve cells move from their place of origin to the place 
where they will remain for life; cell differentiation, the process during 

Excerpted from “Cephalic Disorders Fact Sheet,” National Institute of Neuro-

Chapter 21

Cephalic Disorders
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which cells acquire individual characteristics; and cell death, a natural 
process in which cells die.

Damage to the developing nervous system is a major cause of chronic, 
disabling disorders, and sometimes death in infants, children, and even 
adults. The degree to which damage to the developing nervous system 
harms the mind and body varies enormously. Many disabilities are mild 

society. Others are not. Some infants, children, and adults die, others 
remain totally disabled, and an even larger population is partially dis-
abled, functioning well below normal capacity throughout life.

Different Kinds of Cephalic Disorders

Anencephaly: A neural tube defect that occurs when the cephalic 
(head) end of the neural tube fails to close, usually between the 23rd and 
26th days of pregnancy, resulting in the absence of a major portion of 
the brain, skull, and scalp. Infants with this disorder are born without 
a forebrain—the largest part of the brain consisting mainly of the cere-
brum, which is responsible for thinking and coordination. The remaining 
brain tissue is often exposed—not covered by bone or skin.

Infants born with anencephaly are usually blind, deaf, unconscious, 
and unable to feel pain. Although some individuals with anencephaly 
may be born with a rudimentary brainstem, the lack of a functioning 
cerebrum permanently rules out the possibility of ever gaining con-

touch may occur. The disorder is one of the most common disorders of 
the fetal central nervous system. Approximately 1,000 to 2,000 Ameri-
can babies are born with anencephaly each year. The disorder affects 
females more often than males. 

Recent studies have shown that the addition of folic acid to the diet 
of women of child-bearing age may significantly reduce the incidence 
of neural tube defects. Therefore it is recommended that all women of 
child-bearing age consume 0.4 milligrams (mg) of folic acid daily.

Colpocephaly: A disorder in which there is an abnormal enlarge-
ment of the occipital horns—the posterior or rear portion of the lateral 
ventricles (cavities or chambers) of the brain. This enlargement oc-
curs when there is an underdevelopment or lack of thickening of the 
white matter in the posterior cerebrum. Colpocephaly is characterized 
by microcephaly (abnormally small head) and mental retardation. 
Other features may include motor abnormalities, muscle spasms, and 
seizures.
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Although the cause is unknown, researchers believe that the disor-
der results from an intrauterine disturbance that occurs between the 
second and sixth months of pregnancy. Colpocephaly may be diagnosed 
late in pregnancy, although it is often misdiagnosed as hydrocephalus 

more accurately diagnosed after birth when signs of mental retarda-
tion, microcephaly, and seizures are present.

There is no definitive treatment for colpocephaly. Anticonvulsant 
medications can be given to prevent seizures, and doctors try to prevent 
contractures (shrinkage or shortening of muscles). The prognosis for 
individuals with colpocephaly depends on the severity of the associ-
ated conditions and the degree of abnormal brain development. Some 
children benefit from special education.

Holoprosencephaly: A disorder characterized by the failure of the 
prosencephalon (the forebrain of the embryo) to develop. During normal 
development the forebrain is formed and the face begins to develop in 
the fifth and sixth weeks of pregnancy. Holoprosencephaly is caused by 

hemispheres (the left and right halves of the brain), causing defects in 
the development of the face and in brain structure and function.

There are three classifications of holoprosencephaly. Alobar hol-
oprosencephaly, the most serious form in which the brain fails to sepa-
rate, is usually associated with severe facial anomalies. Semilobar 

tendency to separate, is an intermediate form of the disease. Lobar 
holoprosencephaly, in which there is considerable evidence of separate 
brain hemispheres, is the least severe form. In some cases of lobar 

Although the causes of most cases of holoprosencephaly remain 
unknown, researchers know that approximately one-half of all cases 
have a chromosomal cause. There is no treatment for holoprosenceph-
aly and the prognosis for individuals with the disorder is poor. Most 
of those who survive show no significant developmental gains. For 
children who survive, treatment is symptomatic. Although it is possible 
that improved management of diabetic pregnancies may help prevent 
holoprosencephaly, there is no means of primary prevention.

Hydranencephaly: A rare condition in which the cerebral hemi-

Usually the cerebellum and brainstem are formed normally. An infant 
with hydranencephaly may appear normal at birth. However, after 
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a few weeks the infant usually becomes irritable and has increased 
muscle tone (hypertonia). After several months of life, seizures and 
hydrocephalus may develop. Other symptoms may include visual im-
pairment, lack of growth, deafness, blindness, spastic quadriparesis 
(paralysis), and intellectual deficits.

Hydranencephaly is an extreme form of porencephaly (a rare dis-
order, discussed later in this chapter, characterized by a cyst or cavity 
in the cerebral hemispheres) and may be caused by vascular insult 
(such as stroke) or injuries, infections, or traumatic disorders after the 
12th week of pregnancy.

early behavior appears to be relatively normal. There is no standard 
treatment for hydranencephaly. Treatment is symptomatic and sup-
portive. Hydrocephalus may be treated with a shunt. The outlook for 
children with hydranencephaly is generally poor, and many children 
with this disorder die before age one. However, in rare cases, children 
with hydranencephaly may survive for several years or more.

Iniencephaly: A rare neural tube defect that combines extreme 

spine. The affected infant tends to be short, with a disproportionately 
large head. Diagnosis can be made immediately after birth because 

skin of the face is connected directly to the skin of the chest and the 
scalp is directly connected to the skin of the back. Generally, the neck 
is absent.

Most individuals with iniencephaly have other associated anomalies 
such as anencephaly, cephalocele (a disorder in which part of the crani-
al contents protrudes from the skull), hydrocephalus, cyclopia, absence 
of the mandible (lower jaw bone), cleft lip and palate, cardiovascular 
disorders, diaphragmatic hernia, and gastrointestinal malformation. 
The disorder is more common among females.

The prognosis for those with iniencephaly is extremely poor. New-
borns with iniencephaly seldom live more than a few hours. The distor-

Lissencephaly: A rare brain malformation characterized by 
microcephaly and the lack of normal convolutions (folds) in the brain. 
It is caused by defective neuronal migration, the process in which 
nerve cells move from their place of origin to their permanent loca-
tion. Symptoms of the disorder may include unusual facial appear-
ance, difficulty swallowing, failure to thrive, and severe psychomotor 
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retardation. Anomalies of the hands, fingers, or toes, muscle spasms, 
and seizures may also occur. Lissencephaly may be diagnosed at or 
soon after birth.

Treatment for those with lissencephaly is symptomatic and depends 
on the severity and locations of the brain malformations. The progno-
sis for children with lissencephaly varies depending on the degree of 
brain malformation. Many individuals show no significant develop-
ment beyond a 3- to 5-month-old level. Some may have near-normal 
development and intelligence. Many will die before the age of two. 
Respiratory problems are the most common causes of death.

Megalencephaly: Also called macrencephaly, this is a condition 
in which there is an abnormally large, heavy, and usually malfunc-
tioning brain. By definition, the brain weight is greater than average 
for the age and gender of the infant or child. Head enlargement may 
be evident at birth or the head may become abnormally large in the 
early years of life.

Symptoms of megalencephaly may include delayed development, 
convulsive disorders, corticospinal (brain cortex and spinal cord) dys-
function, and seizures. Megalencephaly affects males more often than 
females.

The prognosis for individuals with megalencephaly largely depends 
on the underlying cause and the associated neurological disorders. 
Treatment is symptomatic. Megalencephaly may lead to a condition 
called macrocephaly.

Microcephaly: A neurological disorder in which the circumfer-
ence of the head is smaller than average for the age and gender of the 
infant or child. Microcephaly may be congenital or it may develop in 
the first few years of life. The disorder may stem from a wide variety of 
conditions that cause abnormal growth of the brain, or from syndromes 
associated with chromosomal abnormalities.

Infants with microcephaly are born with either a normal or reduced 
head size. Subsequently the head fails to grow while the face continues 
to develop at a normal rate, producing a child with a small head, a 
large face, a receding forehead, and a loose, often wrinkled scalp. As 
the child grows older, the smallness of the skull becomes more obvi-
ous, although the entire body also is often underweight and dwarfed. 
Development of motor functions and speech may be delayed. In gen-
eral, life expectancy for individuals with microcephaly is reduced and 
the prognosis for normal brain function is poor. The prognosis varies 
depending on the presence of associated abnormalities.
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Porencephaly: An extremely rare disorder of the central nervous 
system involving a cyst or cavity in a cerebral hemisphere. The cysts 
or cavities are usually the remnants of destructive lesions, but are 
sometimes the result of abnormal development. The disorder can oc-
cur before or after birth. Porencephaly most likely has a number of 
different, often unknown causes, including absence of brain develop-
ment and destruction of brain tissue. The presence of porencephalic 
cysts can sometimes be detected by transillumination of the skull 
in infancy.

Individuals with porencephaly may have poor or absent speech 
development, epilepsy, hydrocephalus, spastic contractures (shrinkage 
or shortening of muscles), and mental retardation. Treatment may 
include physical therapy, medication for seizure disorders, and a shunt 
for hydrocephalus. The prognosis for individuals with porencephaly 
varies according to the location and extent of the lesion. Some patients 
with this disorder may develop only minor neurological problems and 
have normal intelligence, while others may be severely disabled. Oth-
ers may die before the second decade of life.

Schizencephaly: A rare developmental disorder characterized by 
abnormal slits, or clefts, in the cerebral hemispheres. Schizencephaly 
is a form of porencephaly. Individuals with clefts in both hemispheres, 
or bilateral clefts, are often developmentally delayed and have delayed 
speech and language skills and corticospinal dysfunction. Individu-
als with smaller, unilateral clefts (clefts in one hemisphere) may be 
weak on one side of the body and may have average or near-average 
intelligence. Patients with schizencephaly may also have varying de-
grees of microcephaly, mental retardation, hemiparesis (weakness or 
paralysis affecting one side of the body), or quadriparesis (weakness 
or paralysis affecting all four extremities), and may have reduced 
muscle tone (hypotonia). Most patients have seizures and some may 
have hydrocephalus.

Other Less Common Cephalic Disorders

Acephaly: Literally means absence of the head. It is a much rarer 
condition than anencephaly. The acephalic fetus is a parasitic twin 
attached to an otherwise intact fetus.

Exencephaly: A condition in which the brain is located outside of 
the skull. This condition is usually found in embryos as an early stage 
of anencephaly.
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Macrocephaly: A condition in which the head circumference is 
larger than average for the age and gender of the infant or child. It is 
a descriptive rather than a diagnostic term and is a characteristic of 
a variety of disorders. Macrocephaly also may be inherited.

Micrencephaly: A disorder characterized by a small brain and 
may be caused by a disturbance in the proliferation of nerve cells. 
Micrencephaly may also be associated with maternal problems such 
as alcoholism, diabetes, or rubella (German measles). A genetic factor 
may play a role in causing some cases of micrencephaly.

Otocephaly: A lethal condition in which the primary feature is 
agnathia—a developmental anomaly characterized by total or virtual 
absence of the lower jaw. The condition is considered lethal because of 
a poorly functioning airway.

Craniostenoses: Deformities of the skull caused by the premature 
fusion or joining together of the cranial sutures. Cranial sutures are 
fibrous joints that join the bones of the skull together. The nature of 
these deformities depends on which sutures are affected.

Brachycephaly: This occurs when the coronal suture fuses prema-
turely, causing a shortened front-to-back diameter of the skull.

Oxycephaly: This is a term sometimes used to describe the pre-
mature closure of the coronal suture plus any other suture, or it may 
be used to describe the premature fusing of all sutures. Oxycephaly is 
the most severe of the craniostenoses.

Plagiocephaly: This results from the premature unilateral fusion 
(joining of one side) of the coronal or lambdoid sutures. It is a common 
finding at birth and may be the result of brain malformation, a restric-
tive intrauterine environment, or torticollis (a spasm or tightening of 
neck muscles).

Scaphocephaly: Applies to premature fusion of the sagittal su-
ture. The sagittal suture joins together the two parietal bones of the 
skull. Scaphocephaly is the most common of the craniostenoses and is 
characterized by a long, narrow head.

Trigonocephaly: The premature fusion of the metopic suture (part 
of the frontal suture which joins the two halves of the frontal bone of 
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the skull) in which a V-shaped abnormality occurs at the front of the 
skull. It is characterized by the triangular prominence of the forehead 
and closely set eyes.
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Doctors use the term cerebral palsy to refer to any one of a number 
of neurological disorders that appear in infancy or early childhood and 

cerebral refers to the two halves or hemispheres of the brain, in this 

cortex), the part of the brain that directs muscle movement; palsy 
refers to the loss or impairment of motor function.

problems in the muscles or nerves. It is caused by abnormalities inside the 

developed normally during fetal growth. In others, the damage is a re-
sult of injury to the brain either before, during, or after birth. In either 
case, the damage is not repairable and the disabilities that result are 
permanent.

Children with cerebral palsy exhibit a wide variety of symptoms, 
including:

-
ments (ataxia);

Chapter 22

Excerpted from “Cerebral Palsy: Hope through Research,” National Institute 
of Neurological Disorders and Stroke (NINDS), NIH Publication No. 06-159, up-
dated December 18, 2009.

Cerebral Palsy
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shirt.

The symptoms of cerebral palsy differ in type and severity from one 
person to the next, and may even change in an individual over time. 
Some people with cerebral palsy also have other medical disorders, 
including mental retardation, seizures, impaired vision or hearing, 
and abnormal physical sensations or perceptions.

one child with severe cerebral palsy might be unable to walk and need 
extensive, lifelong care, another with mild cerebral palsy might be only 
slightly awkward and require no special assistance.

passed from one generation to the next. There is no cure for cerebral 
palsy, but supportive treatments, medications, and surgery can help 
many individuals improve their motor skills and ability to communi-
cate with the world.

The early signs of cerebral palsy usually appear before a child reaches 

-
diatrician. A doctor can determine the difference between a normal lag 
in development and a delay that could indicate cerebral palsy.

Causes: Research has given us a bigger and more accurate picture 
of the kinds of events that can happen during early fetal development, 
or just before, during, or after birth, that cause the particular types 
of brain damage that will result in congenital cerebral palsy. There 
are multiple reasons why cerebral palsy happens—as the result of 
genetic abnormalities, maternal infections or fevers, or fetal injury, 
for example. But, in all cases, the disorder is the result of four types 
of brain damage that cause its characteristic symptoms:

-
komalacia [PVL])
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ischemic encephalopathy or intrapartum asphyxia)

Risk factors:
that cause cerebral palsy, there are also certain medical conditions 
or events that can happen during pregnancy and delivery that will 

palsy is inevitable, but it does increase the chance for the kinds of 
brain damage that cause it.

-
zures

Different Forms of and Conditions Associated with 
Cerebral Palsy

The specific forms of cerebral palsy are determined by the extent, 

palsy according to the type of movement disorder involved—spastic 
(stiff muscles), athetoid (writhing movements), or ataxic (poor balance 
and coordination)—plus any additional symptoms. Doctors will often 
describe the type of cerebral palsy a child has based on which limbs 
are affected.

Spastic hemiplegia/hemiparesis: This type of cerebral palsy 
typically affects the arm and hand on one side of the body, but it can 
also include the leg. Children with spastic hemiplegia generally walk 
later and on tip-toe because of tight heel tendons. The arm and leg of 
the affected side are frequently shorter and thinner. Some children 
will develop an abnormal curvature of the spine (scoliosis). Depending 
on the location of the brain damage, a child with spastic hemiplegia 
may also have seizures. Speech will be delayed and, at best, may be 
competent, but intelligence is usually normal.
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Spastic diplegia/diparesis: In this type of cerebral palsy, muscle 
stiffness is predominantly in the legs and less severely affects the 

hyperactive. Toes point up. Tightness in certain leg muscles makes the 
legs move like the arms of a scissor. Children with this kind of cerebral 
palsy may require a walker or leg braces. Intelligence and language 
skills are usually normal.

Spastic quadriplegia/quadriparesis: This is the most severe form 
of cerebral palsy, often associated with moderate-to-severe mental re-
tardation. It is caused by widespread damage to the brain or significant 
brain malformations. Children will often have severe stiffness in their 

understood are difficult. Seizures can be frequent and hard to control.

Dyskinetic cerebral palsy (also includes athetoid, choreoath-
etoid, and dystonic cerebral palsies): This type of cerebral palsy 
is characterized by slow and uncontrollable writhing movements of 
the hands, feet, arms, or legs. In some children, hyperactivity in the 
muscles of the face and tongue makes them grimace or drool. They find 
it difficult to sit straight or walk. Children may also have problems 
coordinating the muscle movements required for speaking. Intelligence 
is rarely affected in these forms of cerebral palsy.

Ataxic cerebral palsy: This rare type of cerebral palsy affects bal-
ance and depth perception. Children will often have poor coordination 
and walk unsteadily with a wide-based gait, placing their feet unusually 
far apart. They have difficulty with quick or precise movements, such 
as writing or buttoning a shirt. They may also have intention tremor, in 
which a voluntary movement, such as reaching for a book, is accompanied 
by trembling that gets worse the closer their hand gets to the object.

Mixed types: It is common for children to have symptoms that 

are a mix of types. For example, a child with mixed cerebral palsy may 
have some muscles that are too tight and others that are too relaxed, 

Other conditions associated with cerebral palsy: Many in-
dividuals with cerebral palsy have no additional medical disorders. 
However, because cerebral palsy involves the brain and the brain con-
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seizures, impair intellectual development, and affect vision, hearing, 
and behavior. Coping with these disabilities may be even more of a 
challenge than coping with the motor impairments of cerebral palsy. 
These additional medical conditions include mental retardation; sei-
zure disorder; delayed growth and development; spinal deformities; 
impaired vision, hearing, or speech; drooling; incontinence; and abnor-
mal sensations and perceptions.

Diagnosing Cerebral Palsy

Early signs of cerebral palsy may be present from birth. Most chil-
dren with cerebral palsy are diagnosed during the first two years of 

to make a reliable diagnosis before the age of four or five.

and taking a careful and thorough look at their medical history. In ad-
dition to checking for the most characteristic symptoms—slow develop-
ment, abnormal muscle tone, and unusual posture—a doctor also has 
to rule out other disorders that could cause similar symptoms. Most 

getting worse. Although symptoms may change over time, cerebral 
palsy by definition is not progressive. Additional tests are often used 
to rule out other movement disorders that could cause the same symp-
toms as cerebral palsy. Neuroimaging techniques that allow doctors 
to look into the brain (such as a magnetic resonance imaging [MRI] 
scan) can detect abnormalities that indicate a potentially treatable 
movement disorder. If it is cerebral palsy, an MRI scan can also show 
a doctor the location and type of brain damage.

Other types of disorders can also be mistaken for cerebral palsy. 
For example, coagulation disorders (which prevent blood from clot-
ting) can cause prenatal or perinatal strokes that damage the brain 
and cause symptoms characteristic of cerebral palsy. Because stroke 
is so often the cause of hemiplegic cerebral palsy, a doctor may find it 
necessary to perform diagnostic testing on children with this kind of 
cerebral palsy to rule out the presence of a coagulation disorder. If left 
undiagnosed, coagulation disorders can cause additional strokes and 
more extensive brain damage.

Managing Cerebral Palsy
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lives if their disabilities are properly managed. In general, the earlier 
treatment begins, the better chance children have of overcoming de-
velopmental disabilities or learning new ways to accomplish the tasks 
that challenge them.

There is no standard therapy that works for every individual with 
cerebral palsy. Once the diagnosis is made, and the type of cerebral 
palsy is determined, a team of health care professionals will work 
with a child and his or her parents to identify specific impairments 
and needs, and then develop an appropriate plan to tackle the core 

A comprehensive management plan will pull in a combination of 
health professionals with expertise in physical therapy; occupational 
therapy; speech therapy; counseling and behavioral therapy; drugs to 
control seizures, relax muscle spasms, and alleviate pain; surgery to 
correct anatomical abnormalities or release tight muscles; braces and 
other orthotic devices; mechanical aids; and communication aids.

of disability, and then make decisions about the types of treatments 
and the best timing and strategy for interventions. Early intervention 
programs typically provide all the required therapies within a single 

support groups, babysitting services, and respite care.
Regardless of age or the types of therapy that are used, treatment 

-
ment center. Most of the work is done at home. Members of the treatment 
team often act as coaches, giving parents and children techniques and 
strategies to practice at home. Studies have shown that family support 
and personal determination are two of the most important factors in 
helping individuals with cerebral palsy reach their long-term goals.

Treatments for Cerebral Palsy

Physical therapy: Usually begun in the first few years of life or 
soon after the diagnosis is made, physical therapy is a cornerstone of 
cerebral palsy treatment. Physical therapy programs use specific sets 
of exercises and activities to work toward two important goals: pre-

used (disuse atrophy), and keeping muscles from becoming fixed in a 
rigid, abnormal position (contracture).

Resistive exercise programs (also called strength training) and 
other types of exercise are often used to increase muscle performance, 
especially in children and adolescents with mild cerebral palsy. Daily 
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active and less prone to wasting away. Exercise also reduces the risk 
of contracture, one of the most common and serious complications of 
cerebral palsy. Physical therapy alone or in combination with special 
braces (called orthotic devices) helps prevent contracture by stretch-
ing spastic muscles.

Occupational therapy: This kind of therapy focuses on optimiz-
ing upper body function, improving posture, and making the most 

the basic activities of daily living, such as eating, dressing, and using 
the bathroom alone. Fostering this kind of independence boosts self-
reliance and self-esteem, and also helps reduce demands on parents 
and caregivers.

Recreational therapies: Recreational therapies, such as thera-
peutic horseback riding (also called hippotherapy), are sometimes used 
with mildly impaired children to improve gross motor skills. Parents 
of children who participate in recreational therapies usually notice 

well-being.

Controversial physical therapies: Patterning, the Bobath tech-
nique, and conductive education are physical therapies which have 
not had documented evidence of value or effectiveness in producing 
consistent or significant improvements in study groups.

Speech and language therapy: About 20% of children with ce-
rebral palsy are unable to produce intelligible speech. They also ex-
perience challenges in other areas of communication, such as hand 
gestures and facial expressions, and they have difficulty participating 
in the basic give and take of a normal conversation. These challenges 
will last throughout their lives.

Speech and language therapists (also known as speech therapists 
or speech-language pathologists) observe, diagnose, and treat the com-
munication disorders associated with cerebral palsy. They can also help 
children with severe disabilities learn how to use special communica-
tion devices, such as a computer with a voice synthesizer, or a special 
board covered with symbols of everyday objects and activities to which 
a child can point to indicate his or her wishes.

Treatments for problems with eating and drooling are often nec-
essary when children with cerebral palsy have difficulty eating and 
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drinking because they have little control over the muscles that move 
their mouth, jaw, and tongue. They are also at risk for breathing food 

-

The irritation of the acid can cause bleeding and pain.
Individuals with cerebral palsy are also at risk for malnutrition, 

recurrent lung infections, and progressive lung disease. The individuals 
most at risk for these problems are those with spastic quadriplegia.

Initially, children should be evaluated for their swallowing ability, 
which is usually done with a modified barium swallow study. Rec-
ommendations regarding diet modifications will be derived from the 
results of this study.

Drug Treatments

Oral medications such as diazepam, baclofen, dantrolene sodium, 
and tizanidine are usually used as the first line of treatment to relax 
stiff, contracted, or overactive muscles. These drugs are easy to use, 
except that dosages high enough to be effective often have side ef-
fects, among them drowsiness, upset stomach, high blood pressure, 
and possible liver damage with long-term use. Oral medications are 
most appropriate for children who need only mild reduction in muscle 
tone or who have widespread spasticity.

Doctors also sometimes use alcohol washes—injections of alcohol 
into muscles—to reduce spasticity. The benefits last from a few months 
to two years or more, but the adverse effects include a significant risk of 
pain or numbness, and the procedure requires a high degree of skill to 
target the nerve. The availability of new and more precise methods to 
deliver antispasmodic medications is moving treatment for spasticity 
toward chemo-denervation, in which injected drugs are used to target 
and relax muscles.

Botulinum toxin (BT-A), injected locally, has become a standard 
treatment for overactive muscles in children with spastic movement 
disorders such as cerebral palsy. BT-A relaxes contracted muscles by 
keeping nerve cells from over-activating muscle. Although BT-A is not 
approved by the Food and Drug Administration (FDA) for treating 
cerebral palsy, since the 1990s doctors have been using it off-label to 
relax spastic muscles. A number of studies have shown that it reduces 
spasticity and increases the range of motion of the muscles it tar-
gets. The relaxing effect of a BT-A injection lasts approximately three 
months. Because BT-A does not have FDA approval to treat spasticity 
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in children, parents and caregivers should make sure that the doctor 
giving the injection is trained in the procedure and has experience 
using it in children.

Intrathecal baclofen therapy uses an implantable pump to deliver 

Studies have shown it reduces spasticity and pain and improves sleep. 
The pump is the size of a hockey puck and is implanted in the abdomen. 
It contains a refillable reservoir connected to an alarm that beeps when 
the reservoir is low. The pump is programmable with an electronic 
telemetry wand. The program can be adjusted if muscle tone is worse 
at certain times of the day or night. As a muscle-relaxing therapy, the 
baclofen pump is most appropriate for individuals with chronic, severe 
stiffness or uncontrolled muscle movement throughout the body. Doc-
tors have successfully implanted the pump in children as young as 
three years of age.

Surgery

Orthopedic surgery is often recommended when spasticity and 
stiffness are severe enough to make walking and moving about dif-
ficult or painful. For many people with cerebral palsy, improving the 
appearance of how they walk—their gait—is also important. A more 
upright gait with smoother transitions and foot placements is the 
primary goal for many children and young adults.

In the operating room, surgeons can lengthen muscles and ten-
dons that are proportionately too short. But first, they have to deter-
mine the specific muscles responsible for the gait abnormalities. In 
the past, doctors relied on clinical examination, observation of the 
gait, and the measurement of motion and spasticity to determine the 
muscles involved. Now, doctors have a diagnostic technique known as 
gait analysis.

Gait analysis uses cameras that record how an individual walks, 
force plates that detect when and where feet touch the ground, a special 
recording technique that detects muscle activity (known as electro-
myography), and a computer program that gathers and analyzes the 
data to identify the problem muscles. Using gait analysis, doctors can 
precisely locate which muscles would benefit from surgery and how 
much improvement in gait can be expected.

Most of the surgical procedures can be done on an outpatient basis 
or with a short inpatient stay. Children usually return to their normal 
lifestyle within a week. With shorter recovery times and new, less 
invasive surgical techniques, doctors can schedule surgeries at times 
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the best possible result.

Selective dorsal rhizotomy (SDR): A surgical procedure rec-
ommended only for cases of severe spasticity when all of the more 
conservative treatments—physical therapy, oral medications, and in-
trathecal baclofen—have failed to reduce spasticity or chronic pain. In 
the procedure, a surgeon locates and selectively severs overactivated 
nerves at the base of the spinal column.

Spinal cord stimulation: Developed in the 1980s to treat spinal 
cord injury and other neurological conditions involving motor neurons. 
An implanted electrode selectively stimulates nerves at the base of the 
spinal cord to inhibit and decrease nerve activity. The effectiveness of 
spinal cord stimulation for the treatment of cerebral palsy has yet to 
be proven in clinical studies. It is considered a treatment alternative 
only when other conservative or surgical treatments have been unsuc-
cessful at relaxing muscles or relieving pain.

Orthotic Devices

Orthotic devices—such as braces and splints—use external force 
to correct muscle abnormalities. The technology of orthotics has ad-
vanced over the past 30 years from metal rods that hooked up to 
bulky orthopedic shoes, to appliances that are individually molded 
from high-temperature plastics for a precise fit. Ankle-foot orthoses 
are frequently prescribed for children with spastic diplegia to prevent 
muscle contracture and to improve gait. Splints are also used to correct 
spasticity in the hand muscles.

Assistive Technology

Devices that help individuals move about more easily and commu-
nicate successfully at home, at school, or in the workplace can help a 
child or adult with cerebral palsy overcome physical and communica-
tion limitations. There are a number of devices that help individuals 
stand straight and walk, such as postural support or seating systems, 
open-front walkers, quadrupedal canes (lightweight metal canes with 
four feet), and gait poles. Electric wheelchairs let more severely im-
paired adults and children move about successfully.

The computer is probably the most dramatic example of a commu-
nication device that can make a big difference in the lives of people 
with cerebral palsy. Equipped with a computer and voice synthesizer, 
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a child or adult with cerebral palsy can communicate successfully 
with others. For example, a child who is unable to speak or write but 
can make head movements may be able to control a computer using a 
special light pointer that attaches to a headband.

Alternative Therapies

Therapeutic (subthreshold) electrical stimulation, also called 
neuromuscular electrical stimulation (NES): Pulses electricity 
into the motor nerves to stimulate contraction in selective muscle 
groups. Many studies have demonstrated that NES appears to increase 
range of motion and muscular strength.

Hyperbaric oxygen therapy: Some children have cerebral palsy 
as the result of brain damage from oxygen deprivation. Proponents of 
hyperbaric oxygen therapy propose that the brain tissue surrounding 
the damaged area can be awakened by forcing high concentrations 
of oxygen into the body under greater than atmospheric pressure. A 
recent study compared a group of children who received no hyperbaric 
treatment to a group that received 40 treatments over eight weeks. On 
every measure of function (gross motor, cognitive, communication, and 
memory) at the end of two months of treatment and after a further 
three months of follow up, the two groups were identical in outcome. 
There was no added benefit from hyperbaric oxygen therapy.
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AIDS (acquired immune deficiency syndrome) is a condition that 
occurs in the most advanced stages of human immunodeficiency virus 
(HIV) infection. It may take many years for AIDS to develop follow-
ing the initial HIV infection. Although AIDS is primarily an immune 
system disorder, it also affects the nervous system and can lead to a 
wide range of severe neurological disorders.

How does AIDS affect the nervous system?

The virus does not appear to directly invade nerve cells but it jeop-
ardizes their health and function. The resulting inflammation may 
damage the brain and spinal cord and cause symptoms such as con-
fusion and forgetfulness, behavioral changes, severe headaches, pro-
gressive weakness, loss of sensation in the arms and legs, and stroke. 
Cognitive motor impairment or damage to the peripheral nerves is 
also common. Research has shown that the HIV infection can signifi-
cantly alter the size of certain brain structures involved in learning 
and information processing.

In the United States, neurological complications are seen in more 
than 40% of adult patients with AIDS. They can occur at any age but 
tend to progress more rapidly in children. Nervous system complica-
tions in children may include developmental delays, loss of previously 
achieved milestones, brain lesions, nerve pain, smaller than normal 

Chapter 23

Acquired Immune 
Deficiency Syndrome (AIDS): 
Neurological Complications

Excerpted from “Neurological Complications of AIDS Fact Sheet,” National 
Institute of Neurological Disorders and Stroke (NINDS), February 12, 2010.
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skull size, slow growth, eye problems, and recurring bacterial infec-
tions.

What are some of the neurological complications that are 
associated with AIDS?

AIDS-related disorders of the nervous system may be caused directly 
by the HIV virus, by certain cancers and opportunistic infections (illness-
es caused by bacteria, fungi, and other viruses that would not otherwise 
affect people with healthy immune systems), or by toxic effects of the 
drugs used to treat symptoms. Other neuro-AIDS disorders of unknown 
origin may be influenced by but are not caused directly by the virus.

AIDS dementia complex (ADC), or HIV-associated encephalopa-
thy, occurs primarily in persons with more advanced HIV infection. 
Symptoms include encephalitis (inflammation of the brain), behavioral 
changes, and a gradual decline in cognitive function, including trouble 
with concentration, memory, and attention. Persons with ADC also 
show progressive slowing of motor function and loss of dexterity and 
coordination. When left untreated, ADC can be fatal.

Central nervous system (CNS) lymphomas are cancerous tu-
mors that either begin in the brain or result from a cancer that has 
spread from another site in the body. CNS lymphomas are almost al-
ways associated with the Epstein-Barr virus (a common human virus 
in the herpes family). Symptoms include headache, seizures, vision 
problems, dizziness, speech disturbance, paralysis, and mental dete-
rioration. AIDS patients may develop one or more CNS lymphomas. 
Prognosis is poor due to advanced and increasing immunodeficiency.

Cryptococcal meningitis is seen in about 10% of untreated 
AIDS patients and in other persons whose immune systems have 
been severely suppressed by disease or drugs. It is caused by the fun-
gus Cryptococcus neoformans, which is commonly found in dirt and 
bird droppings. The fungus first invades the lungs and spreads to the 
covering of the brain and spinal cord, causing inflammation. Symp-
toms include fatigue, fever, headache, nausea, memory loss, confusion, 
drowsiness, and vomiting. If left untreated, patients with cryptococcal 
meningitis may lapse into a coma and die.

Cytomegalovirus (CMV) infections can occur concurrently with 
other infections. Symptoms of CMV encephalitis include weakness in 
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the arms and legs, problems with hearing and balance, altered mental 
states, dementia, peripheral neuropathy, coma, and retinal disease that 
may lead to blindness. CMV infection of the spinal cord and nerves can 
result in weakness in the lower limbs and some paralysis, severe lower 
back pain, and loss of bladder function. It can also cause pneumonia 
and gastrointestinal disease.

Herpes virus infections are often seen in AIDS patients. The 
herpes zoster virus, which causes chickenpox and shingles, can infect 
the brain and produce encephalitis and myelitis (inflammation of 
the spinal cord). It commonly produces shingles, which is an erup-
tion of blisters and intense pain along an area of skin supplied by 
an infected nerve. In people exposed to herpes zoster, the virus can 
lay dormant in the nerve tissue for years until it is reactivated as 
shingles. This reactivation is common in persons with AIDS because 
of their weakened immune systems. Signs of shingles include painful 
blisters (like those seen in chickenpox), itching, tingling, and pain 
in the nerves.

AIDS patients may suffer from several different forms of 
neuropathy, or nerve pain, each strongly associated with a specific 
stage of active immunodeficiency disease. Peripheral neuropathy de-
scribes damage to the peripheral nerves, the vast communications 
network that transmits information from the brain and spinal cord 
to every other part of the body. Peripheral nerves also send sensory 
information back to the brain and spinal cord. HIV damages the nerve 
fibers that help conduct signals and can cause several different forms 
of neuropathy. Distal sensory polyneuropathy causes either a numbing 
feeling or a mild to painful burning or tingling sensation that normally 
begins in the legs and feet. These sensations may be particularly strong 
at night and may spread to the hands. Affected persons have a height-
ened sensitivity to pain, touch, or other stimuli. Onset usually occurs 
in the later stages of the HIV infection and may affect the majority of 
advanced-stage HIV patients.

Neurosyphilis, the result of an insufficiently treated syphilis infec-
tion, seems more frequent and more rapidly progressive in people with 
HIV infection. It may cause slow degeneration of the nerve cells and 
nerve fibers that carry sensory information to the brain. Symptoms, 
which may not appear for some decades after the initial infection and 
vary from patient to patient, include weakness, diminished reflexes, 
unsteady gait, progressive degeneration of the joints, loss of coordination, 
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episodes of intense pain and disturbed sensation, personality changes, 
dementia, deafness, visual impairment, and impaired response to light. 
The disease is more frequent in men than in women. Onset is common 
during mid-life.

Progressive multifocal leukoencephalopathy (PML) primarily 
affects individuals with suppressed immune systems (including nearly 
5% of people with AIDS). PML is caused by the JC virus, which travels 
to the brain, infects multiple sites, and destroys the cells that make 
myelin—the fatty protective covering for many of the body’s nerve and 
brain cells. Symptoms include various types of mental deterioration, 
vision loss, speech disturbances, ataxia (inability to coordinate move-
ments), paralysis, brain lesions, and ultimately, coma. Some patients 
may also have compromised memory and cognition, and seizures may 
occur. PML is relentlessly progressive and death usually occurs within 
six months of initial symptoms.

Psychological and neuropsychiatric disorders can occur in 
different phases of the HIV infection and AIDS and may take various 
and complex forms. Some illnesses, such as AIDS dementia complex, 
are caused directly by HIV infection of the brain, while other condi-
tions may be triggered by the drugs used to combat the infection. Pa-
tients may experience anxiety disorder, depressive disorders, increased 
thoughts of suicide, paranoia, dementia, delirium, cognitive impair-
ment, confusion, hallucinations, behavioral abnormalities, malaise, 
and acute mania.

Stroke brought on by cerebrovascular disease has been con-
sidered a somewhat rare complication of AIDS, although the associa-
tion between AIDS and stroke may be much larger than previously 
thought. Researchers at the University of Maryland conducted the 
first population-based study to quantify an AIDS-associated stroke 
risk and found that AIDS increases the chances of suffering a stroke 
by as much as ten-fold. Researchers caution that additional studies 
are needed to confirm this association. Earlier studies have indicated 
that the HIV infection, other infections, or the body’s immune system 
reaction to HIV may cause vascular abnormalities and make the blood 
vessels less responsive to changes in blood pressure, which could lead 
to rupture and hemorrhagic stroke.

Toxoplasma encephalitis, also called cerebral toxoplasmosis, 
occurs in about 10% of untreated AIDS patients. It is caused by the 
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parasite Toxoplasma gondii, which is carried by cats, birds, and other 
animals and can be found in soil contaminated by cat feces and some-
times in raw or undercooked meat. Once the parasite invades the 
immune system, it remains there; however, the immune system in a 
healthy person can fight off the parasite, preventing disease. Symptoms 
include encephalitis, fever, severe headache that does not respond to 
treatment, weakness on one side of the body, seizures, lethargy, in-
creased confusion, vision problems, dizziness, problems with speaking 
and walking, vomiting, and personality changes. Not all patients show 
signs of the infection.

Vacuolar myelopathy causes the protective myelin sheath to pull 
away from nerve cells of the spinal cord, forming small holes called 
vacuoles in nerve fibers. Symptoms include weak and stiff legs and 
unsteadiness when walking. Walking becomes more difficult as the 
disease progresses and many patients eventually require a wheelchair. 
Some patients also develop AIDS dementia. Vacuolar myelopathy may 
affect up to 30% of untreated adults with AIDS and its incidence may 
be even higher in HIV-infected children.

How are these disorders treated?

No single treatment can cure the neurological complications of 
AIDS. Some disorders require aggressive therapy while others are 
treated symptomatically.

Neuropathic pain is often difficult to control. Medicines range from 
analgesics sold over the counter to antiepileptic drugs, opiates, and 
some classes of antidepressants. Inflamed tissue can press on nerves, 
causing pain. Inflammatory and autoimmune conditions leading to 
neuropathy may be treated with corticosteroids, and procedures such 
as plasmapheresis (or plasma exchange) can clear the blood of harmful 
substances that cause inflammation.

Treatment options for AIDS- and HIV-related neuropsychiatric 
or psychotic disorders include antidepressants and anticonvulsants. 
Psychostimulants may also improve depressive symptoms and combat 
lethargy. Anti-dementia drugs may relieve confusion and slow mental 
decline, and benzodiazepines may be prescribed to treat anxiety. Psy-
chotherapy may also help some patients.

Aggressive antiretroviral therapy is used to treat AIDS dementia 
complex, vacuolar myopathy, progressive multifocal leukoencephal-
opathy, and cytomegalovirus encephalitis. HAART, or highly active 
antiretroviral therapy, combines at least three drugs to reduce the 
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amount of virus circulating in the blood and may also delay the start 
of some infections.

Other neuro-AIDS treatment options include physical therapy and 
rehabilitation, radiation therapy and chemotherapy to kill or shrink 
cancerous brain tumors that may be caused by the HIV virus, anti-
fungal or antimalarial drugs to combat certain bacterial infections 
associated with the disorder, and penicillin to treat neurosyphilis.



279

Definition: A brain abscess is a collection of immune cells, pus, 
and other material in the brain, usually from a bacterial or fungal 
infection.

Causes

Brain abscesses commonly occur when bacteria or fungi infect part 
of the brain. Swelling and irritation (inflammation) develops in re-
sponse. Infected brain cells, white blood cells, live and dead bacteria, 
and fungi collect in an area of the brain. A membrane forms around 
this area and creates a mass.

While this immune response can protect the brain by isolating the 
infection, it can also do more harm than good. The brain swells. Because 
the skull cannot expand, the mass may put pressure on delicate brain 
tissue. Infected material can block the blood vessels of the brain.

The bacteria or fungi that cause a brain abscess commonly reach 
the brain through the blood. The source of the infection is often not 
found. However, the most common source is a lung infection. Bacteria 
or fungi may also travel from a nearby infected area (for example, an 
ear infection) or be introduced into the body during an injury (such as 
a gun or knife wound) or surgery.

In children with heart disease or a birth defect, such as those born 
with Tetralogy of Fallot, infections are more able to reach the brain 
from the intestines, teeth, or other body areas.

“Brain Abscess,” © 2009 A.D.A.M., Inc. Reprinted with permission.

Brain Abscess

Chapter 24
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The following raise your risk of a brain abscess:

-
motherapy)

Symptoms

Symptoms may develop slowly, over a period of two weeks, or they 
may develop suddenly. They may include the following:
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Exams and Tests

A brain and nervous system (neurological) exam will usually show 
increased intracranial pressure and problems with brain function.

Tests to diagnose a brain abscess may include:

toxoplasma and Tinea solium).

A needle biopsy is usually performed to identify the cause of the infec-
tion.

Treatment

A brain abscess is a medical emergency. Pressure inside the skull may 
become high enough to be life threatening. You will need to stay in the hos-
pital until the condition is stable. Some people may need life support.

Medication, not surgery, is recommended if you have:

may need to be removed temporarily or replaced), or

You will get antibiotics. Antibiotics that work against a number 
of different bacteria (broad spectrum antibiotics) are most commonly 
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used. You may be prescribed several different types of antibiotics to 
make sure treatment works.

Antifungal medications may also be prescribed if the infection is 
likely caused by a fungus.

Immediate treatment may be needed if an abscess is injuring brain 
tissue by pressing on it, or there is a large abscess with a large amount 
of swelling around that it is raising pressure in the brain.

Surgery is needed if :

-
ria), or

Surgery consists of opening the skull, exposing the brain, and 
draining the abscess. Laboratory tests are often done to examine 
the fluid. This can help identify what is causing the infection, so 
that more appropriate antibiotics or antifungal drugs can be pre-
scribed.

The surgical procedure used depends on the size and depth of the 
abscess. The entire abscess may be removed (excised) if it is near the 
surface and enclosed in a sac.

Needle aspiration guided by CT or MRI scan may be needed for a 
deep abscess. During this procedure, medications may be injected di-
rectly into the mass.

Certain diuretics and steroids may also be used to reduce swelling 
of the brain.

Outlook (prognosis): If untreated, a brain abscess is almost al-
ways deadly. With treatment, the death rate is about 10%–30%. The 
earlier treatment is received, the better. Some patients may have long-
term neurological problems after surgery.

Possible complications:
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When to contact a medical professional: -
gency room or call the local emergency number (such as 911) if you 
have symptoms of a brain abscess.

Prevention: You can reduce the risk of developing a brain abscess 
by treating any disorders that can cause them. Have a follow-up ex-
amination after infections are treated. Some people, including those 
with certain heart disorders, may receive antibiotics before dental or 
urological procedures to help reduce the risk.
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Section 25.1

Recognizing and Treating Encephalitis
“Encephalitis,” November 2007, reprinted with permission from www.
kidshealth.org. Copyright © 2007 The Nemours Foundation. This information 
was provided by KidsHealth, one of the largest resources online for medically 
reviewed health information written for parents, kids, and teens. For more 
articles like this one, visit www.KidsHealth.org, or www.TeensHealth.org.

Encephalitis is an inflammation (swelling) of the brain. Encephalitis is 
usually caused by a virus, but other things, including bacteria, may cause 
it as well. Although encephalitis sounds scary, most cases aren’t serious.

What is encephalitis?

Encephalitis (pronounced: in-seh-fuh-lye-tus) is typically caused by 
three different groups of viruses. The herpes viruses is one group, and 
includes chickenpox, EBV (Epstein-Barr virus—the virus that causes 
mono), and herpes simplex (the virus that causes cold sores). The second 
group is made up of viruses and other germs that are transmitted by in-
sects. Viruses like West Nile virus, which is transmitted through a mos-
quito bite, and the germs that cause Lyme disease and Rocky Mountain 
spotted fever, which are transmitted thorough tick bites, can also cause 
encephalitis. The third group is made up of viruses that cause childhood 
infections that used to be common. These include measles, mumps, and 

diseases, it’s rarer today that a person will develop encephalitis as a 
result of an illness like measles or mumps.

Some cases of encephalitis are mild and symptoms only last for a 
short time. However, it is possible to develop a severe case of encepha-
litis that can be serious and possibly even life threatening. When a per-
son has encephalitis, his or her brain becomes inflamed—inflammation 
means swelling and irritation.

Is it contagious?

Infection with many different viruses can lead to encephalitis. So how 
contagious the infection is depends on which virus caused it. Viruses 
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like West Nile are only transmitted through the bite of infected insects; 
it’s not possible to catch them from other people. But viruses like EBV 
are passed from person to person.

Even if a person catches a virus that can cause encephalitis, it does 
not mean that person will automatically develop the condition. In fact, 
very few of the people who are infected with these viruses actually 
develop encephalitis.

What are the signs and symptoms?

Encephalitis may cause fever, headache, poor appetite, loss of en-
ergy, or just a general sick feeling. In more severe cases, other symp-
toms might occur, including:

your eyes);

When encephalitis happens after a common illness like chickenpox, 
the signs and symptoms of that illness usually come before symptoms 
of inflammation in the brain. But encephalitis can also appear without 
warning. If you have symptoms of encephalitis, get in touch with your 
doctor right away.

How is it diagnosed and treated?

To diagnose encephalitis, the doctor may take blood samples and 
order a spinal tap (also called a lumbar puncture), a procedure that 
involves inserting a very thin needle into the lower back to remove 
some cerebrospinal fluid (CSF) that surrounds the brain and spinal 
cord. The samples will be sent to a laboratory to be checked for viruses 
or bacteria.

A special brain scan (a magnetic resonance image [MRI] or a computed 
tomography [CT] scan) also may be ordered to look for inflammation. 
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records your brain waves and can reveal any abnormalities that are 
consistent with encephalitis.

Treatment for encephalitis depends on the virus or other germ that 
caused it. People with mild cases of encephalitis can recover at home 
as long as they’re watched carefully by a parent or other adult in the 
household. Most cases of encephalitis just run their course and the 
person gets better without treatment.

Some viruses that cause encephalitis can be treated with medica-
tion. For example, acyclovir, an antiviral drug, can help treat encephali-
tis caused by the herpes simplex virus. In addition, steroid medications 
can be used to reduce swelling in the brain (these aren’t the same as 
the dangerous performance-enhancing steroids that some athletes 
use). Because antibiotics are not effective against viruses, they’re not 
used to treat viral encephalitis.

Severe cases of encephalitis require a hospital stay so the patient 
can be carefully monitored and medical treatment is close at hand if 
needed. For people who have had severe encephalitis that has affected 
some of the brain’s functions, doctors may recommend physical therapy 
or speech therapy to help with recovery.

How long does it last?

The worst symptoms of encephalitis generally last up to one week, 
but full recovery may take weeks or longer. Because encephalitis affects 
the brain, people with severe cases can sometimes develop problems 
like seizures, difficulties with muscle coordination, and learning dis-
abilities.

Can I prevent encephalitis?

The best way to prevent encephalitis is to avoid getting infected with 
the viruses or other germs that can cause it. Regular hand washing will 
help limit the spread of some of these germs. Staying as healthy as pos-
sible by eating a balanced diet and getting plenty of rest can help keep 
your immune system in shape. Immunizations are also an important 
way to protect people from diseases like chickenpox and measles.

In areas where viruses are transmitted by insect bites, protect your-
self by wearing long sleeves and pants and applying an insect repellent. 
Also, try to avoid unnecessary outdoor activities at dawn and dusk 
when mosquitoes are most likely to bite.
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Section 25.2

Rabies Virus Causes Encephalomyelitis
Excerpted from “Human Rabies Prevention—United States, 2008,” Mor-
bidity and Mortality Weekly Report (MMWR), May 23, 2008, Centers for 
Disease Control and Prevention (CDC). The full document is available at 
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5703a1.htm.

Rabies is a zoonotic disease caused by ribonucleic acid (RNA) vi-
ruses in the Family Rhabdoviridae Lyssavirus. The virus is 
typically present in the saliva of clinically ill mammals and is trans-
mitted through a bite. After entering the central nervous system of 
the next host, the virus causes an acute, progressive encephalomyelitis 
that is almost always fatal. The incubation period in humans is usually 
several weeks to months, but ranges from days to years.

As a result of improved canine vaccination programs and stray ani-
mal control, a marked decrease in domestic animal rabies cases in the 
United States occurred after World War II. In 2006, a total of 79 cases 
of rabies were reported in domestic dogs, none of which was attributed 
to enzootic dog-to-dog transmission, and three cases were reported in 
humans. The infectious sources of the 79 cases in dogs were wildlife 
reservoirs or dogs that were translocated from localities where canine 
rabies virus variants still circulate. None of the 2006 human rabies 
cases was acquired from indigenous domestic animals.

Unlike the situation in developing countries, wild animals are the 
most important potential source of infection for both humans and 
domestic animals in the United States. Most reported cases of rabies 
occur among carnivores, primarily raccoons, skunks, foxes, and various 
species of bats. Rabies among insectivorous bats occurs throughout 
the continental United States. Hawaii remains consistently rabies-
free. For the past several decades, the majority of naturally acquired, 
indigenous human rabies cases in the United States have resulted 
from variants of rabies viruses associated with insectivorous bats. 
The lone human case reported in the United States during 2005 and 
two of the three human rabies cases in 2006 were attributed to bat 
exposures. During 2004, two of the eight human rabies cases resulted 
from bat exposures.
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Approximately 16,000–39,000 persons come in contact with poten-
tially rabid animals and receive rabies postexposure prophylaxis each 
year. To appropriately manage potential human exposures to rabies, 
the risk for infection must be accurately assessed. Administration of 
rabies postexposure prophylaxis is a medical urgency, not a medical 
emergency, but decisions must not be delayed. Prophylaxis is occasion-
ally complicated by adverse reactions, but these reactions are rarely 
severe.

For these recommendations, data on the safety and efficacy of ac-
tive and passive rabies vaccination were derived from both human and 
animal studies. Because controlled human trials cannot be performed, 
studies describing extensive field experience and immunogenicity stud-
ies from certain areas of the world were reviewed. These studies in-
dicated that postexposure prophylaxis combining wound treatment, 

uniformly effective when appropriately administered. However, rabies 
has occasionally developed among humans when key elements of the 
rabies postexposure prophylaxis regimens were omitted or incorrectly 
administered. Timely and appropriate human pre-exposure and postex-
posure prophylaxis will prevent human rabies; however, the number 
of persons receiving prophylaxis can be reduced if other basic public 
health and veterinary programs are working to prevent and control 
rabies. Practical and accurate health education about rabies, domestic 
animal vaccination and responsible pet care, modern stray animal 
control, and prompt diagnosis can minimize unnecessary animal ex-
posures, alleviate inherent natural risks after exposure, and prevent 
many circumstances that result in the need for rabies prophylaxis.
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Section 25.3

Arboviral Encephalitides
Text in this section is excerpted from “Information on Arboviral Encepha-
litides,” Centers for Disease Control and Prevention (CDC) November 7, 
2005. Reviewed in January, 2010 by Dr. David A. Cooke, MD, FACP, Diplo-
mate, American Board of Internal Medicine. Table 25.1 is excerpted from 
“Confirmed and Probable California Serogroup Viral (mainly La Crosse) 
Encephalitis Cases, Human, United States, 1964–2008, By State (as of 
4/7/2009),” National Center for Infectious Diseases, Centers for Disease 
Control and Prevention (CDC), April 7, 2009.

Arthropod-borne viruses, also called arboviruses, are viruses that 
are maintained in nature through biological transmission between sus-
ceptible vertebrate hosts by blood-feeding arthropods (mosquitoes, psy-
chodids, ceratopogonids, and ticks). Vertebrate infection occurs when 
the infected arthropod takes a blood meal. The term arbovirus has no 
taxonomic significance. Arboviruses that cause human encephalitis are 
members of three virus families: the Togaviridae (genus Alphavirus), 
Flaviviridae, and Bunyaviridae.

All arboviral encephalitides are zoonotic, being maintained in com-
plex life cycles involving a nonhuman primary vertebrate host and a 
primary arthropod vector. These cycles usually remain undetected 
until humans encroach on a natural focus, or the virus escapes this 
focus via a secondary vector or vertebrate host as the result of some 
ecologic change. Humans and domestic animals can develop clinical 
illness but usually are dead-end hosts because they do not produce 
significant viremia, and do not contribute to the transmission cycle. 
Many arboviruses that cause encephalitis have a variety of different 
vertebrate hosts and some are transmitted by more than one vector. 
Maintenance of the viruses in nature may be facilitated by vertical 
transmission (for example, the virus is transmitted from the female 
through the eggs to the offspring).

Arboviral encephalitides have a global distribution, but there are 
four main virus agents of encephalitis in the United States: eastern 
equine encephalitis (EEE), western equine encephalitis (WEE), St. 
Louis encephalitis (SLE) and La Crosse (LAC) encephalitis, all of 
which are transmitted by mosquitoes. Another virus, Powassan, is 
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a minor cause of encephalitis in the northern United States, and is 
transmitted by ticks. A new Powassan-like virus has recently been 
isolated from deer ticks. Most cases of arboviral encephalitis occur from 
June through September, when arthropods are most active. In milder 
(warmer) parts of the country, where arthropods are active late into 
the year, cases can occur into the winter months.

The majority of human infections are asymptomatic or may result 
in a nonspecific flu-like syndrome. Onset may be insidious or sudden 
with fever, headache, myalgias, malaise, and occasionally prostration. 
Infection may, however, lead to encephalitis, with a fatal outcome or 
permanent neurologic sequelae. Fortunately, only a small proportion 
of infected persons progress to frank encephalitis.

Because the arboviral encephalitides are viral diseases, antibiotics 
are not effective for treatment and no effective antiviral drugs have 
yet been discovered. Treatment is supportive, attempting to deal with 
problems such as swelling of the brain, loss of the automatic breathing 
activity of the brain and other treatable complications like bacterial 
pneumonia.

There are no commercially available human vaccines for these U.S. 
diseases. There is a Japanese encephalitis vaccine available in the U.S. 
A tick-borne encephalitis vaccine is available in Europe. An equine 
vaccine is available for EEE, WEE and Venezuelan equine encephali-
tis (VEE). Arboviral encephalitis can be prevented in two major ways: 
personal protective measures and public health measures to reduce the 
population of infected mosquitoes. Personal measures include reducing 
time outdoors particularly in early evening hours, wearing long pants 
and long sleeved shirts and applying mosquito repellent to exposed 
skin areas. Public health measures often require spraying of insecti-
cides to kill juvenile (larvae) and adult mosquitoes.

La Crosse encephalitis: Discovered in La Crosse, Wisconsin in 
1963, the virus has since then been identified in several Midwestern 
and Mid-Atlantic states. During an average year, about 75 cases of 
LAC encephalitis are reported to the Centers for Disease Control and 
Prevention (CDC). Most cases of LAC encephalitis occur in children 
under 16 years of age.

LAC encephalitis initially presents as a nonspecific summertime 
illness with fever, headache, nausea, vomiting, and lethargy. Severe 
disease occurs most commonly in children under the age of 16 and is 
characterized by seizures, coma, paralysis, and a variety of neurological 
sequelae after recovery. Death from LAC encephalitis occurs in less 
than 1% of clinical cases.
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Eastern equine encephalitis (EEE): Caused by a virus trans-
mitted to humans and equines by the bite of an infected mosquito. 
EEE virus is an alphavirus that was first identified in the 1930s and 

Coast and some inland Midwestern locations of the United States. 
While small outbreaks of human disease have occurred in the United 
States, equine epizootics can be a common occurrence during the sum-
mer and fall.

It takes from 4–10 days after the bite of an infected mosquito for an 
individual to develop symptoms of EEE. These symptoms begin with a 
sudden onset of fever, general muscle pains, and a headache of increas-
ing severity. Many individuals will progress to more severe symptoms 
such as seizures and coma. Approximately one-third of all people with 
clinical encephalitis caused by EEE will die from the disease and of 
those who recover, many will suffer permanent brain damage with 
many of those requiring permanent institutional care.

Western equine encephalitis (WEE): The alphavirus WEE was 
first isolated in California in 1930 from the brain of a horse with en-
cephalitis, and remains an important cause of encephalitis in horses 
and humans in North America, mainly in western parts of the USA 
and Canada. Human WEE cases are usually first seen in June or July. 
Most WEE infections are asymptomatic or present as mild, nonspecific 
illness. Patients with clinically apparent illness usually have a sudden 
onset with fever, headache, nausea, vomiting, anorexia and malaise, 
followed by altered mental status, weakness and signs of meningeal 
irritation. Children, especially those under one year old, are affected 
more severely than adults and may be left with permanent sequelae, 
which is seen in 5% to 30% of young patients. The mortality rate is 
about 3%.

St. Louis encephalitis: In the United States, the leading cause of 
epidemic flavivirus encephalitis is St. Louis encephalitis (SLE) virus. 
SLE is the most common mosquito-transmitted human pathogen in 
the U.S. While periodic SLE epidemics have occurred only in the Mid-
west and Southeast, SLE virus is distributed throughout the lower 
48 states. Since 1964, there have been 4,437 confirmed cases of SLE 
with an average of 193 cases per year (range of 4–1,967). However, less 
than 1% of SLE viral infections are clinically apparent and the vast 
majority of infections remain undiagnosed. Illness ranges in sever-
ity from a simple febrile headache to meningoencephalitis, with an 
overall case-fatality ratio of 5%–15%. The disease is generally milder 
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in children than in adults, but in those children who do have disease, 
there is a high rate of encephalitis. The elderly are at highest risk for 
severe disease and death.

Powassan encephalitis (POW): A flavivirus and currently the 
only well documented tick-borne transmitted arbovirus occurring in 
the United States and Canada. Recently a Powassan-like virus was 
isolated from the deer tick, Ixodes scapularis. Its relationship to POW 
and its ability to cause human disease has not been fully elucidated. 
POW’s range in the United States is primarily in the upper tier states. 
Patients who recover may have residual neurological problems.

Venezuelan equine encephalitis: Like EEE and WEE viruses, 
Venezuelan equine encephalitis (VEE) is an alphavirus and causes 
encephalitis in horses and humans and is an important veterinary 
and public health problem in Central and South America.

Other arboviral encephalitides: Many other arboviral encepha-
litides occur throughout the world. Most of these diseases are problems 
only for those individuals traveling to countries where the viruses are 
endemic. These include Japanese encephalitis, tick-borne encephalitis; 
West Nile encephalitis, and Murray Valley encephalitis.
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Section 25.4

Acute Disseminated Encephalomyelitis
“Acute Disseminated Encephalomyelitis Information Page,” National In-
stitute of Neurological Disorders and Stroke (NINDS), August 16, 2007.

Acute disseminated encephalomyelitis (ADEM) is characterized by 
a brief but intense attack of inflammation in the brain and spinal cord 
that damages myelin—the protective covering of nerve fibers. It often 
follows viral infection, or less often, vaccination for measles, mumps, 
or rubella. The symptoms of ADEM come on quickly, beginning with 
encephalitis-like symptoms such as fever, fatigue, headache, nausea 
and vomiting, and in severe cases, seizures and coma. It may also 
damage white matter (brain tissue that takes its name from the white 
color of myelin), leading to neurological symptoms such as visual loss 
(due to inflammation of the optic nerve) in one or both eyes, weakness 
even to the point of paralysis, and difficulty coordinating voluntary 
muscle movements (such as those used in walking). ADEM is some-
times misdiagnosed as a severe first attack of multiple sclerosis (MS), 
since some of the symptoms of the two disorders, particularly those 
caused by white matter injury, may be similar. However, ADEM usu-
ally has symptoms of encephalitis (such as fever or coma), as well as 
symptoms of myelin damage (visual loss, paralysis), as opposed to MS, 
which doesn’t have encephalitis symptoms. In addition, ADEM usually 
consists of a single episode or attack, while MS features many attacks 
over the course of time. Doctors will often use imaging techniques, 
such as MRI (magnetic resonance imaging), to search for old and new 
lesions (areas of damage) on the brain. Old inactive brain lesions on 
MRI suggest that the condition may be MS rather than ADEM, since 
MS often causes brain lesions before symptoms become obvious. In rare 
situations, brain biopsy may show findings that allow differentiation 
between ADEM and severe, acute forms of MS. Children are more 
likely than adults to have ADEM.

Treatment: For ADEM, treatment is targeted at suppressing in-
flammation in the brain using anti-inflammatory drugs. Most individu-
als respond to intravenous corticosteroids such as methylprednisolone. 
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When corticosteroids fail to work, plasmapheresis or intravenous im-
munoglobulin therapy has been shown to produce improvement. Ad-
ditional treatment is symptomatic and supportive.

Prognosis: Corticosteroid therapy can shorten the duration of 
neurological symptoms and halt further progression of the disease in 
the short term, but the long term prognosis for individuals with ADEM 
varies. For most, recovery begins within days, and half will recover 
completely. Others may have mild to moderate lifelong impairment. 
Severe cases of ADEM can be fatal. Some individuals who initially 
diagnosed as having ADEM will later be reclassified as MS, but there 
is currently no method to determine whom those individuals will be.
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Meningitis is an inflammation of the membranes that cover the 
brain and spinal cord. People sometimes refer to it as spinal menin-
gitis. Meningitis is usually caused by a viral or bacterial infection. 
Knowing whether meningitis is caused by a virus or bacterium is 
important because the severity of illness and the treatment differ 
depending on the cause. Viral meningitis is generally less severe and 
clears up without specific treatment. But, bacterial meningitis can be 
quite severe and may result in brain damage, hearing loss, or learn-
ing disabilities. For bacterial meningitis, it is also important to know 
which type of bacteria is causing the meningitis because antibiotics can 
prevent some types from spreading and infecting other people. Before 
the 1990s, Haemophilus influenzae type b (Hib) was the leading cause 
of bacterial meningitis. Hib vaccine is now given to all children as part 
of their routine immunizations. This vaccine has reduced the number 
of cases of Hib infection and the number of related meningitis cases. 
Today, Streptococcus pneumoniae and Neisseria meningitidis are the 
leading causes of bacterial meningitis.

High fever, headache, and stiff neck are common symptoms of men-
ingitis in anyone over the age of two years. These symptoms can de-
velop over several hours, or they may take 1–2 days. Other symptoms 
may include nausea, vomiting, discomfort looking into bright lights, 
confusion, and sleepiness. In newborns and small infants, the classic

Chapter 26

This chapter begins with excerpts from “Meningitis Questions and Answers,” 
Centers for Disease Control and Prevention (CDC), June 24, 2009; and concludes 
with excerpts from “Meningitis: Prevention,” CDC, updated August 6, 2009.

Meningitis
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symptoms of fever, headache, and neck stiffness may be absent or 
difficult to detect. Infants with meningitis may appear slow or inac-
tive, have vomiting, be irritable, or be feeding poorly. As the disease 
progresses, patients of any age may have seizures.

Bacterial meningitis: Early diagnosis and treatment are very 
important. If symptoms occur, the patient should see a doctor immedi-
ately. The diagnosis is usually made by growing bacteria from a sample 
of spinal fluid. The spinal fluid is obtained by performing a spinal tap, 
in which a needle is inserted into an area in the lower back where fluid 
in the spinal canal can be collected. Identification of the type of bacteria 
responsible is important for selection of correct antibiotics.

Bacterial meningitis can be treated with a number of effective anti-
biotics. It is important, however, that treatment be started early in 
the course of the disease. Appropriate antibiotic treatment of most 
common types of bacterial meningitis should reduce the risk of dying 
from meningitis to below 15%, although the risk is higher among the 
elderly.

Some forms of bacterial meningitis are contagious. The bacteria can 
mainly be spread from person to person through the exchange of respi-
ratory and throat secretions. This can occur through coughing, kissing, 
and sneezing. Fortunately, none of the bacteria that cause meningitis 
are as contagious as things like the common cold or the flu. Also, the 
bacteria are not spread by casual contact or by simply breathing the air 
where a person with meningitis has been. There are vaccines against 
Hib, against some serogroups of N. meningitidis and many types of 
Streptococcus pneumoniae. The vaccines are safe and highly effective.

Viral meningitis: Meningitis caused by viral infections is some-
times called aseptic meningitis. Viral (aseptic) meningitis is serious 
but rarely fatal in people with normal immune systems. Usually, the 
symptoms last from 7–10 days and the patient recovers completely. 
Bacterial meningitis, on the other hand, can be very serious and result 
in disability or death if not treated promptly. Often, the symptoms of 
viral meningitis and bacterial meningitis are the same. For this rea-
son, if you think you or your child has meningitis, see your doctor as 
soon as possible.

Different viral infections can lead to viral meningitis. But most 
cases in the United States, particularly during the summer and fall 
months, are caused by enteroviruses (which include enteroviruses, 
coxsackieviruses, and echoviruses). Most people who are infected with 
enteroviruses either have no symptoms or only get a cold, rash, or 
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mouth sores with low-grade fever. And, only a small number of people 
with enterovirus infections go on to develop meningitis. Symptoms 
can appear quickly or they can also take several days to appear, usu-
ally after a cold or runny nose, diarrhea, vomiting, or other signs of 
infection show up.

The exact cause of viral meningitis can sometimes be found through 
tests that show which virus has infected a patient; however, identify-
ing the exact virus causing meningitis may be difficult. Because the 
symptoms of viral meningitis are similar to those of bacterial menin-
gitis, which is usually more severe and can be fatal, it is important for 
people suspected of having meningitis to seek medical care and have 
their spinal fluid tested.

There is no specific treatment for viral meningitis. Most patients 
completely recover on their own within two weeks. Antibiotics do not 
help viral infections, so they are not useful in the treatment of viral 
meningitis. Doctors often will recommend bed rest, plenty of fluids, 
and medicine to relieve fever and headache.

Different viruses that cause viral meningitis are spread in differ-
ent ways. Enteroviruses, the most common cause of viral meningitis, 
are most often spread through direct contact with an infected person’s 
stool. The virus is spread through this route mainly among small chil-
dren who are not yet toilet trained. It can also be spread this way to 
adults changing the diapers of an infected infant. Enteroviruses and 
other viruses (such as mumps and varicella-zoster virus) can also be 
spread through direct or indirect contact with respiratory secretions 
(saliva, sputum, or nasal mucus) of an infected person. The viruses 
can also stay on surfaces for days and can be transferred from objects. 
Viruses also can spread directly when infected people cough or sneeze 
and send droplets containing the virus into the air we breathe.

The time from when a person is infected until they develop symp-
toms (incubation period) is usually between 3–7 days for enteroviruses. 
An infected person is usually contagious from the time they develop 
symptoms until the symptoms go away. Young children and people with 
low immune systems may spread the infection even after symptoms 
have resolved.

Prevention

Keeping up to date with recommended immunizations is the best 
-

tions. Avoid sharing drinking glasses, water bottles, eating utensils, tis-
sues, and lip-gloss or lipsticks. Wash hands often with soap. If you are 
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pregnant, you can reduce your risk of listeriosis (an infection caused by 
listeria bacteria) by cooking meats thoroughly and by avoiding cheeses 
made from unpasteurized milk.

Bacterial meningitis prevention: Routine immunizations can 
be very effective in preventing meningitis. There are vaccines against 
Haemophilus influenzae serotype b (Hib), measles, meningococcus, 
mumps, pneumococcus, and polio that can protect against meningitis 
caused by these organisms. There are vaccines for the three main 
causes of bacterial meningitis: Streptococcus pneumoniae, Haemophi-
lus influenzae serotype b (Hib), and Neisseria meningitidis:

Viral meningitis prevention: Preventing the spread of viruses 
can be difficult, especially since sometimes people are infected with 
a virus (like enterovirus), but they do not appear sick. In such cases, 
people can still spread the virus to others. Following good hygiene 
practices, being vaccinated, and avoiding mosquito bites can help lower 
your chances of becoming infected with viruses or of passing one on 
to someone else.

Fungal meningitis prevention: There is little evidence that 
specific activities can lead to developing fungal meningitis, although 
avoiding exposure to environments likely to contain fungal elements 
is prudent. People who are immunosuppressed should try to avoid bird 
droppings, digging, and dusty activities, particularly if they live in a 
geographic region where Histoplasma, Coccidioides, or Blastomyces 
exists.
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Cysticercosis is an infection caused by the pork tapeworm, Taenia 
solium. Infection occurs when the tapeworm larvae enter the body 
and form cysticerci (cysts). When cysticerci are found in the brain, the 
condition is called neurocysticercosis.

The tapeworm that causes cysticercosis is found worldwide. In-
fection is found most often in rural, developing countries with poor 
hygiene where pigs are allowed to roam freely and eat human feces. 
This allows the tapeworm infection to be completed and the cycle to 
continue. Infection can occur, though rarely, if you have never traveled 
outside of the United States. Taeniasis and cysticercosis are very rare 
in Muslim countries where eating pork is forbidden.

Cysticercosis is spread by accidentally swallowing pork tapeworm 
eggs. Tapeworm eggs are passed in the bowel movement of a person 
who is infected. These tapeworm eggs are spread through food, water, 
or surfaces contaminated with feces. This can happen by drinking con-
taminated water or food, or by putting contaminated fingers to your 
mouth. A person who has a tapeworm infection can reinfect themselves 
(autoinfection). Once inside the stomach, the tapeworm egg hatches, 
penetrates the intestine, travels through the bloodstream and may 
develop into cysticerci in the muscles, brain, or eyes.

Symptoms will depend on the location and number of cysticerci in 
your body.

Chapter 27

Neurocysticercosis

Excerpted from “Cysticercosis,” Centers for Disease Control and Prevention 
(CDC), March 31, 2008.
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Cysticerci in the muscles: 
However, you may be able to feel lumps under your skin.

Cysticerci in the eyes: Although rare, cysticerci may float in the 
eye and cause blurry or disturbed vision. Infection in the eyes may 
cause swelling or detachment of the retina.

Neurocysticercosis (cysticerci in the brain, spinal cord):
Symptoms of neurocysticercosis depend upon where and how many 
cysticerci (often called lesions) are found in the brain. Seizures and 
headaches are the most common symptoms. However, confusion, lack 
of attention to people and surroundings, difficulty with balance, or 
swelling of the brain (called hydrocephalus) may also occur. Death can 
occur suddenly with heavy infections.

How long will I be infected before symptoms begin?

Symptoms can occur months to years after infection, usually when 
the cysts are in the process of dying. When this happens, the brain 
can swell. The pressure caused by swelling is what causes most of the 
symptoms of neurocysticercosis. Most people with cysticerci in muscles 
will not have symptoms of infection.

Diagnosis: Can be difficult and may require several testing meth-
ods. Your health care provider will ask you about where you have 
traveled and your eating habits. Diagnosis of neurocysticercosis is 
usually made by magnetic resonance imaging (MRI) or computed to-
mography (CT) brain scans. Blood tests are available to help diagnose 
an infection, but may not always be accurate. If surgery is necessary, 
confirmation of the diagnosis can be made by the laboratory.

Treatment: Infections are generally treated with anti-parasitic 
drugs in combination with anti-inflammatory drugs. Surgery is some-
times necessary to treat cases in the eyes, cases that are not respon-
sive to drug treatment, or to reduce brain edema (swelling). Not all 
cases of cysticercosis are treated. The decision of whether or not to 
treat neurocysticercosis is based upon the number of lesions found in 
the brain and the symptoms you have. When only one lesion is found, 
often treatment is not given. It there is more than one lesion, specific
anti-parasitic treatment is generally recommended. Also, if the brain 
lesion is considered calcified (this means that a hard shell has formed 
around the tapeworm larvae), the cysticerci is considered dead and 
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specific anti-parasitic treatment is not beneficial. As the cysticerci die, 
the lesion will shrink. The swelling will go down, and often symptoms 
(such as seizures) will go away.

Can infection spread from person to person?

No. Cysticercosis is not spread from person to person. However, a 
person infected with the intestinal tapeworm stage of the infection (T. 
solium) will shed tapeworm eggs in their bowel movements. Tapeworm 
eggs that are accidentally swallowed by another person can cause 
infection. Family members may also be tested. Because the tapeworm 
infection can be difficult to diagnose, your health care provider may ask 
you to submit several stool specimens over several days to examine 
your stools for evidence of a tapeworm.

How can I prevent cysticercosis and other disease causing 
germs?

tapeworm.

-
fore handling food, especially when traveling in developing coun-
tries.

food that may be contaminated with feces.

(bubbly) drinks in cans or bottles. Do not drink fountain drinks 
or any drinks with ice cubes. Another way to make water safe is 
by filtering it through an “absolute 1-micron or less” filter and 
dissolving iodine tablets in the filtered water. Absolute 1-micron 
filters can be found in camping and outdoor supply stores.





Part Five

Acquired and Traumatic 
Brain Injuries
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Definition: A head injury is any trauma that leads to injury of the 
scalp, skull, or brain. The injuries can range from a minor bump on 
the skull to serious brain injury.

Head injury is classified as either closed or open (penetrating):

head from striking an object, but the object did not break the 
skull.

an object that broke the skull and entered the brain. This usual-

gunshot to the head.

Chapter 28

Head Injury: 
Identification and First Aid
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Considerations:

systems injured. For example, a head injury is sometimes accompanied 
by a spinal injury.

Causes: Common causes of head injury include traffic accidents, 

-
ible brain damage. This can occur as a result of bleeding inside the 
brain or forces that damage the brain directly. These more serious 

and language problems.

Symptoms: The symptoms of a head injury can occur immediately 

fractured, the brain can bang against the inside of the skull and be 
bruised. The head may look fine, but complications could result from 

is also injured.

-
ment:
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-

-
sciousness)

First Aid: Get medical help immediately if the person:

-
essary, begin rescue breathing and cardiopulmonary resuscita-

person is unconscious, treat as if there is a spinal injury. Stabi-

4. Stop any bleeding by firmly pressing a clean cloth on the 
-
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-

problem, but call a doctor for further guidance.)

-

bleeding.

When to contact a medical professional:

any signs or symptoms of a serious head injury.



315

Head Injury: Identification and First Aid

Prevention

in head injury. These include seat belts, bicycle or motorcycle hel-
mets, and hard hats.

children.

References
 Rosen’s Emergency Med-

icine: Concepts and Clinical Practice. 6th

Pediatr Rev
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A concussion is a brain injury. Concussions are caused by a bump, 

-

from happening.

Wear a seat belt

Buckle your child in the car using a child safety seat, booster 

should continue to ride in a booster seat until the lap and shoulder 

Never drive while under the influence of alcohol or drugs. 

Wear a helmet

Chapter 29

Preventing Brain Injuries
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-
hicle

boxing

Use the right protective equipment (should be fitted and main-

athletic games and practices:

-
-

priate health care professional.

Make living areas safer for seniors:

strength and balance.

Make living areas safer for children:

-
dren are around.



Preventing Brain Injuries

platforms. 

Playgrounds:

is maintained to an appropriate depth.
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Concussion
(Mild Traumatic Brain Injury)
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Section 30.1

Facts about Concussion and Brain Injury

-

a complex pathophysiologic process affecting the brain, induced by 
traumatic biomechanical forces secondary to direct or indirect forces 

the function of the brain. This disturbance of brain function is typi-

Magnitude of MTBI

emergency department.



Concussion (Mild Traumatic Brain Injury)

-

adolescents.

a sign of post-concussion syndrome.

Neuropathophysiology of MTBI:
-

tion of brain metabolism rather than to structural injury or damage. 

-
metabolic cascade.

Physical signs and symptoms:

Cognitive signs and symptoms:
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Emotional signs and symptoms:

Sleep problems:

Diagnosis:

-
dromes), and the onset or recognition of symptoms may occur days or 

and its manifestations is essential to proper management and reduced 
morbidity.



Concussion (Mild Traumatic Brain Injury)

Section 30.2

Children’s Concussion Recovery: 
No Sports, No Schoolwork, No Text Messages

Concussion Experts: For Kids—No Sports, No School-
work, No Text Messages

consensus recommendations. The British Journal of Sports Medicine’s

-

-
-

and teens, and adult athletes. “These consensus recommendations 
-

-

to the important role parents, coaches, and teachers play in assessing 

-
eral key points for coaches, parents, and physicians:

may increase the risk of long-term effects in children, so no 
return-to-play until completely symptom free.
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-
mance.

-

Post-Concussion Home and School Instructions*

further injury.

Returning to Daily Activities

-
-



Concussion (Mild Traumatic Brain Injury)

-
-

It is okay

There is no need

Do not

Returning to School

-

-

-
ing the school day can also be helpful. As symptoms decrease dur-

Returning to Sports and Recreation

-
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trainer on the first day he or she returns.

-

Serious Signs to Watch For

department immediately.

-
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Traumatic Brain Injury (TBI)
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Section 31.1

Facts about TBI
-

-

Overview of Traumatic Brain Injury

of deaths and cases of permanent disability annually. The Centers 

-

-

from an emergency department.

Groups at risk:
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-

Traumatic Brain Injury: What You Need to Know

causes damage to the brain. The damage can be focal (confined to one 

but the object does not break through the skull. A penetrating injury 

Figure 31.1. Race or Ethnicity of Individuals with TBI (n=8777) (Source: 
Traumatic Brain Injury Model Systems National Data and Statistical Center, 
Englewood, CO, © 2009. Reprinted with permission.)
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eyes, ringing in the ears, bad taste in the mouth, fatigue or lethargy, 

specific to young children, such as persistent crying, inability to be 

-
tomobiles, motorcycles, bicycles, and pedestrians. These accidents are 

-

Figure 31.2. Causes of Injury (n=8749) (Source: Traumatic Brain Injury 
Model Systems National Data and Statistical Center, Englewood, CO, © 2009. 
Reprinted with permission.)
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Medical care of TBI: -

-

-
cal examination.

Immediate post-injury complications: Sometimes, health com-
-

arise as a result of the injury. Although complications are rare, the 

-

failure in unconscious patients, and polytrauma (trauma to other parts 
of the body in addition to the brain).

General trauma:
of the body in addition to the head and brain. Physicians call this 

Disabilities from a TBI:

and general health of the patient. Some common disabilities include 

processing (sight, hearing, touch, taste, and smell), communication 
-

pression, anxiety, personality changes, aggression, acting out, and 
social inappropriateness).
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around the patient), memory problems, trouble concentrating, sleeping 
problems, restlessness, irritability, apathy, depression, and anxiety. 

such as depression or anxiety, before the injury.
Cognition is a term used to describe the processes of thinking, 

-

some loss of specific memories and the partial inability to form or 

-

-

-

months after the injury and more gradual after that.

Figure 31.3. Severity of TBI Based on Days of Post-Traumatic Amnesia 
(mean = 24.9 days; n = 6536) (Source: Traumatic Brain Injury Model Systems 
National Data and Statistical Center, Englewood, CO, © 2009. Reprinted with 
permission.)
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-

Language and communication problems are common disabilities in 

-

complete sentences. They may speak in broken phrases and pause 
-

Wernicke aphasia or sensory aphasia, display little meaning in their 

communication disabilities.

called dysarthria, the patient can think of the appropriate language, 

-
guage deficits can lead to miscommunication, confusion, and frustra-

are the most difficult disabilities to handle. Psychiatric problems that 
may surface include depression, apathy, anxiety, irritability, anger, 
paranoia, confusion, frustration, agitation, insomnia or other sleep 

-

-
-

and alcohol or drug abuse or addiction.

Long-term problems associated with a TBI: 
immediate post-injury complications, other long-term problems can 
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dementia.

Figure 31.4. Glasgow Outcome Scale-Extended (Source: Traumatic Brain 
Injury Model Systems National Data and Statistical Center, Englewood, CO, 
© 2009. Reprinted with permission.)

Section 31.2

Impact of a Recent TBI on Family Members

-
-

How does brain injury affect family members?

-
lems that many family members experience such as less time for you, 

communication, and lack of support from other family members and 
friends. These are just some of the problems that family members 
may face after injury. Sometimes these problems can seem too much 
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and frustrated.

Ways to reduce stress:
under a great deal of stress. A little stress is part of life, but stress 

and body. Stress is related to medical problems such as heart disease, 
cancer, and stroke.

people because it makes you irritable, less patient, and more 
likely to lash out at others.

Learn to relax:
more ready for the things you need to do. Learning to relax is not 
easy, especially in your current situation. There are relaxation tech-

all areas of your life.

Learn which coping strategies work for you:
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day.

Learn how to reward yourself:

Problem Solving for Caregivers

Steps in Problem Solving

one problem at a time.

or realistic. This is the time to think about all possibilities, 
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-

-

solution next time.

Ways Family Members Can Help the Injured Person

-

from the hospital.

Provide structure and normalcy to daily life:

-
tigued.

former status in the family. Communication is important to the 
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possible.

they pass.

-
bers, friends, and familiar places.

Provide support in a respectful way:

-

-

help the person to do the same.

entertainment, music, and so forth.

such as spilling something.

-
-

Avoid over-stimulation: Agitation can be heightened by too much 

-
tra response time.
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Safety tips:

to use in the home:

-
ping or falls.

guns).

counter medication.

-

outside.

agitated.

a bell attached to the door.

person gets up during the night.

-
sumed only after consulting a health care professional include contact 

care professional prior to using alcohol or other substances at any point 
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Section 31.3

Difficulties with Cognition, 
Emotions, or Fatigue after TBI

Cognition

-
ity to choose, understand, remember, and use information. Cognition 

How does TBI affect cognition and what can be done about 
it?

concentration, speech and language, learning and memory, reasoning, 

Attention and concentration:
to focus, pay attention, or attend to more than one thing at a time. 
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long periods of time. Since attention skills are considered a “building 

What can be done to improve attention and concentration?

-

room. Gradually make the tasks harder (read a short story or 

Problems with processing and understanding information:
-

-

-

What can be done to improve the ability to process and un-
derstand information?



344

Brain Disorders Sourcebook, Third Edition

on.

make sure you understood it correctly.

Language and communication problems: Communication prob-

-
-

cation)

-
tion

What can be done to improve language and communica-
tion?

-

-
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Problems learning and remembering new information: Per-
-

not lies.

What can be done to improve memory problems?

daily schedules, daily task lists, computer reminder programs 
and cue cards.

-
tion often.

memory.

Planning and organization problems: 

particular order, such as laundry or cooking.

What can be done to improve planning and organization?
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Problems with reasoning, problem solving, and judgment: 

-
ciding the best solution, or get stuck on one solution and not consider 

What can be done to improve reasoning and problem-solving?

-

-

Inappropriate, embarrassing, or impulsive behavior: -

-

-

-
creased reasoning abilities and lack of control. The injured person 

-

Things family members can do:

-
ment.
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and consistent.

doing. For example, if you are at the mall, return home immedi-
ately.

Cognitive outcome, recovery, and rehabilitation: Cognition 

-

-

Discuss your concerns with your physician or treatment 
provider:

Emotional Problems after Traumatic Brain Injury

Brain injury and emotions:
-

eral types of emotional problems.

Difficulty controlling emotions or mood swings: Some people 

little lasting effect. For example, they may get angry easily but get 

This is called emotional lability.



Brain Disorders Sourcebook, Third Edition

What causes this problem?

-
jury can cause sudden episodes of crying or laughing. These emotional 

person cannot control these expressions of emotion.

What can be done about it?

after injury, and people often return to a more normal emotional balance 

is important to talk to a physician or psychologist to find out the cause 

What family members and others can do:

emotionally yourself.

and regain control.

feelings.

control.

Anxiety:

about making too many mistakes, or failing at a task, or if they feel 
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or adjusting to sudden changes in plan.
-

(post-traumatic stress disorder). Since each form of anxiety calls for a 

health professional or physician.

What causes anxiety after TBI?

-
jured person, such as returning to employment too soon after injury. 

What can be done about anxiety?

stresses that may be causing anxiety.

-

Depression: Feeling sad is a normal response to the losses and 

and loss are common after brain injury. These feelings often appear 

-

depression.
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loss of interest or pleasure in life, lethargy (feeling tired and slug-

necessarily mean the injured person is depressed. The problems are 

injury rather than soon after it.

What causes depression?

-

occur if the injury has affected areas of the brain that control emo-

depression.

What can be done about depression?

-

sometimes help reduce depression.

-
-

ening up.

Temper outbursts and irritability: -

-

slam fists into things, slam doors, or threaten or hurt family members 
or others.

including: injury to the parts of the brain that control emotional expres-
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-

What can be done about temper problems?

brain injury can learn some basic anger management skills such as 
self-calming strategies, relaxation, and better communication meth-

temper outbursts.

temper outbursts:

to the brain injury. Try not to take it personally.

-
mands.

-
ing a temper tantrum.

outburst. Encourage the injured person to discuss the problem in 

-

Questions to ask your physician or treatment provider to 

experiencing anxiety, feelings of sadness or depression, irritability or 
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More about medications:

-

are felt.

benefit.

Peer and other support:

-

-
line to find brain injury resources near you.

-

Fatigue

What is fatigue?
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-
-

-

Why is fatigue important?

When you are fatigued, you are less able to think clearly or do 

-

of mental fatigue.

What causes fatigue?

is not clear but may be due to the extra effort and attention it takes 

function may be less efficient than before the injury.

-

-
tion than they did before. Working harder to think and stay focused 
can make you mentally tired.

-
ing: depression, sleep problems such as sleep apnea, seasonal allergies, 
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hypothyroidism or other endocrine gland disorders, respiratory or 
-

and pain medication.

What can be done to decrease fatigue?

Pay attention to what triggers your fatigue, and learn to iden-
tify the early signs of fatigue, such as becoming more irritable or dis-

Get more sleep and rest:
There may be a medical condition causing this, or there may be useful 
treatments.

Set a regular schedule of going to bed and awakening the 
-

Alcohol and marijuana

Caffeine
sleeping is a problem.

Resume activities gradually, 

Start with familiar tasks

breaks as needed.

Improve your time management:

can help manage mental fatigue.
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Exercise daily:

Talk to your doctor:

-
ment can be started.

Section 31.4

TBI Often Causes Sleep Problems

-
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the location and extent of injury, many different kinds of sleep distur-
bances can occur after brain injury.

Common sleep disorders:

the day.

Common sleep syndromes:

-
ment of legs and arms during sleep.

What causes sleep problems?

Physical and chemical changes: The internal clock in the brain 

sleep are injured, a condition called post-traumatic hypersomnia may 

Changes in breathing control:
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Medications:
problems going to sleep or staying asleep, or can make people sleepy 

cause insomnia. Also, stimulants that are meant to treat day-
time sleepiness can cause insomnia if taken too close to bedtime. 

the medication or by substituting a different drug, of course, in 

-
tamine (commonly diphenhydramine) and are not recommended 

-

falls, and constipation are also possible side effects of this class 
of medications.

Daytime sleeping (napping) and physical inactivity:

Pain: -
ence pain in other parts of the body. This discomfort may disturb sleep. 

Depression:
traumatic brain injury than in the general population. Sleep problems 

symptoms of depression.

Alcohol: While alcohol may help bring on sleep, drinking alcohol 

Caffeine and nicotine:
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What can be done to improve sleep?

sleep difficulties.

Daytime Suggestions

-

light box therapy.

Nighttime Suggestions

for the next day.

morning, brush your teeth, and then read or listen to relaxing 
music for ten minutes before turning out the light.

bedtime.

bills there.

-
tractions, noise, extreme temperatures, and light.

-
thing relaxing or boring until you feel sleepy.
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Talk to your doctor:
-

lems should include a thorough history of such problems, medication 

-
-

Treatment Options

Non-pharmacological therapies:

causing sleep difficulties, psychotherapy (counseling) may be an 
appropriate treatment.

the number of hours spent in bed to the actual number of hours 
slept.

mind.

studies to help promote sleep. When exposed to these lights at 
strategic times in the day, you may be able to sleep more at night. 

can cause eyestrain and headaches.

Medications: Ask your doctor about medications that can help you 

Natural remedies: -

your doctor if you are using them.
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Section 31.5

TBI Can Affect Ability to Drive

family members, and health professionals should all be included in 

put the injured person or others in danger, health professionals may 
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Warning signs of unsafe driving:

How often do individuals with TBI return to driving?

Driving evaluations and training: -

-

-
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-

some cases, a training program might focus on specific skills such as 

Vehicle modifications:

-

modifications could include hand-controlled gas and brake systems, 
spinner knobs for steering, left foot accelerator, or lifts for entering 

Legal and insurance considerations: -

should check local regulations relating to licenses and insurance.

Other transportation options: Accessible and reliable trans-

public transportation specifically for disabled riders.

Should you be driving?

professionals and family members.
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Section 31.6

Employment after TBI
-

Are traumatic brain injuries (TBI) disabilities under the 
Americans with Disabilities Act (ADA)?

disability if he or she has a physical or mental impairment that sub-

Are employees (or applicants) with TBI required to disclose 
their disability to their employers?

need an accommodation to perform the essential functions of the job. 

Can an employer ask an employee with TBI to submit to a 
medical examination?

Yes, if the need for the medical examination is job-related, consis-
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Why does employment play such an important role in the 
recovery of individuals with TBI?

greater social interaction and connections that can reduce isolation and 

in our society and helps create a sense of personal efficacy and social 
integration that contributes to greater life satisfaction. According to 

-
-

these reasons, gainful employment can be one important component 

What challenges might people with TBI encounter in the 
workplace?

Figure 31.5. Occupational Status (Source: Traumatic Brain Injury Model 
Systems National Data and Statistical Center, Englewood, CO, © 2009. Re-
printed with permission.)
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For some, headaches and mental fatigue may persist.

What sorts of jobs are well-suited for people with TBI?

-

checklists).

How can employers help people with TBI do their jobs more 
effectively?

-
tigue

coaches
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-
ments or accommodations.

Tips for Communicating with People with Traumatic 
Brain Injury (TBI)

-

respect and courtesy.

General tips for communicating with people with disabili-
ties:

the left hand is an acceptable greeting.)

-
ed. Then listen to or ask for instructions.

Tips for communicating with people with TBI:

-
-

focusing on short-term goals.

-
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interrupting the person.

Section 31.7

Outcomes of TBI

VA Research Currents
-

Trial Compares Methods for Brain Injury Rehabilitation

-
-

Archives of Physical Medicine 
and Rehabilitation. -

-

Long-term gains from both approaches:
-

-



Brain Disorders Sourcebook, Third Edition

crashes, falls, or other incidents.

Younger patients fare better with cognitive method:

and grooming.

-

instruction and encouraged learning through trial and error. They 

Results

functioning before and after treatment and one year later. Among the 
findings:

Overall function was similar between the two groups after 
one year: 

-

participants.)

Immediate post-treatment cognitive function was better in 
the cognitive group: 
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-
lems after one year.

Younger patients (those age 30 or under) in the cognitive 
arm had a higher rate of return to work or school than their 
age peers in the functional arm. On the other hand, older patients and 

The study authors offered a tentative analysis
-

-

Victimization of Persons with Traumatic Brain Injury or 
Other Disabilities

-

other disabilities.

and
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Why are people with a TBI at risk for victimization?

What can be done to help a friend or family member who is 
being victimized?

-
ance.

Getting Help

National Domestic Violence Hotline

-
-

Spanish, and in other languages.
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-

How These Injuries Happen

-

and eight months, although these injuries are occasionally seen in 
children up to four years old.

-
-

at first the baby cries more, he or she may stop crying as the brain is 
damaged.

Chapter 32

Abusive Head Trauma 
(Shaken Baby Syndrome)
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-

and tearing the brain tissue. The brain may strike the inside of the 
skull, causing bruising and bleeding to the brain.

a baby under any circumstances because gentle shaking can rapidly 
escalate.

What Are the Effects?

die due to their injuries.
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Signs and Symptoms

Diagnosis
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system.

any brain injury or damage.

The Child’s Development and Education

-

-
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-
tal assessments for kids under the age of three. Parents can turn to 

-

Preventing AHT

-

-

describing the sometimes inconsolable infant crying that can some-

Five S’s:

putting the sleeping baby in the crib or bassinet on his or her 
back).

the baby a pacifier or finger to suck on).

him or her feel more secure).

taking a car ride to help duplicate the constant motion the baby 
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-

safety seat in the car.

close the door, and check on the baby in ten minutes.

case there is a medical reason for the fussiness.
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-

spilling blood into the surrounding tissue (called a hemorrhage). Some 

the brain, but most are located along a loop of arteries that run be-

Cerebral aneurysms can be congenital, resulting from an inborn 

tissue disorders and polycystic kidney disease, and certain circulatory 

include trauma or injury to the head, high blood pressure, infection, 

cigarette smoking, and drug abuse. Aneurysms that result from an 

Chapter 33

Brain Aneurysm

-
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of brain aneurysms. 
There are three types of cerebral aneurysm. A saccular aneurysm 

that is attached by a neck or stem to an artery or a branch of a blood 

on arteries at the base of the brain. A lateral aneurysm appears as 

-

-

-

Aneurysms may burst and bleed into the brain, causing serious 
-

age, or death. Once it has burst, the aneurysm may burst again and 

areas of the brain can cause stroke or tissue damage.

Symptoms:

-
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sentinel headache prior to aneurysm rupture.

Diagnosis: -

for another condition.

Treatment:

-

-

-

the entire artery that leads to the aneurysm. This procedure is often 

Other treatment for cerebral aneurysm is symptomatic and may 

-
-

disability.

Prevention: -



Brain Disorders Sourcebook, Third Edition

about the benefits and risks of taking aspirin or other drugs that thin 

or permanent brain damage.

Prognosis: Largely dependent on the age and general health of 

neurological conditions, location of the aneurysm, extent of bleeding 

-

complications from a burst aneurysm may include hydrocephalus and 
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Chapter 34

Cavernous Angioma
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Section 34.1

What We Know and Don’t Know about 
Cavernous Angioma

About Cavernous Angioma

brain, spinal cord, and rarely, in other areas of the body including the 

like appearance due to their composition of multiple bubble-like struc-

endothelial cells and due to the loss of other structural components 

-
toms, hemorrhages, and headaches.

Incidence: -
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-

-

Familial cavernous angioma:

angioma can happen in any family, it occurs at a higher rate among 

mutation in any one of three genes can lead to the illness.

Sporadic cavernous angioma:

is no associated inherited genetic mutation. The sporadic form typi-

-

Associated venous angioma:

-

Other vascular malformations:

-
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Symptoms:
-

-

Cavernous angiomas can bleed in a number of different 
ways:

deterioration in function.

-
-

sure on the surrounding brain tissue.

-

hemorrhage.

The risk of hemorrhage is dependent on the number of angiomas. The 
higher the number, the greater the chance of one or more hemorrhages 
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the brain stem can be life threatening, as the brainstem is responsible 
for regulating critical life processes including breathing and heart-
beat.

Cavernous Angioma Statistics

form of the illness.

-

Diagnosis and Treatment

-
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-

-

testing is another option for diagnosis.

Surgery:
(resected) using a craniotomy, or opening the skull. This is usually 

-

include stroke, paralysis, coma, or death, although these complications 

prolonged period of rehabilitation.

What We Don’t Know about Cavernous Angioma

-
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-

problematic.

Questions to Ask Your Doctor

-

General Questions

-

-
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-

Management



Cavernous Angioma

Surgery Resection Recommendation

Surgeon’s Background

-
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Section 34.2

Raising Children with or at 
Risk for Cavernous Angioma

-
-

for these conditions is not included here.

My infant can’t tell me when she has a headache. What are 
the symptoms of a cavernous malformation hemorrhage in 
an infant?

-

neurosurgeon.

-
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1. Your baby loses a function that she could once perform such as 

-
stagmus), or both eyes no longer looking in the same direction 
(strabismus).

-

sign of increased pressure in the brain.

behind it. For example, if your baby is in his or her rear-facing 

-

call to the doctor.

and appears to be unable to straighten his or her neck, this is 
called torticollis and may indicate a hemorrhage in the area of 
the brain called the posterior fossa.

What are the symptoms of a cavernous malformation hem-
orrhage in a child over two years?

Please read the symptoms for children already listed, because many 
of these continue to apply to older children. Additionally, preschool age 
and older children may be able to communicate headache pain associ-

they describe as brief, cold, and sharp going through their head. Others 
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more serious contagious illness. The irritability may go on for days 

to note.

-

-

-

A child may be able to communicate to you that they are experienc-
ing tingling or numbness in a part of their body, most often in arms or 

slurred speech, or difficulty understanding oral instructions.

Should my child have any medication restrictions?

occur. For aspirin, this effect lasts long after the aspirin has left the 

-

because most increase blood pressure and heart rate, if only slightly. 
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malformation bleeding, but the impact of the small blood pressure increase 

What are the symptoms of a seizure disorder?

-

jerking in a single body part that is not in their conscious control, may 

-
ness, but no loss of body control. These are often called stop and stare 

space for thirty seconds or more.

Can my child be treated with anti-seizure medication?

-

-

medication is at its peak. Common side effects include sedation, nausea 

mood disturbance, and 
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beginning treatment.

Should my child have any activity restrictions?

Table 34.1. Activity Restrictions for Children with Cavernous Malfor-
mations with or without Epilepsy

No or Very Little Risk: 
No extra supervision 
needed

Moderate Risk: May need 
supervision or help during a 
seizure High Risk: Avoid

Jogging Climbing a tree or jungle gym: 
Always have a spotter under-
neath; avoid being upside down

Mountain or rock 
climbing

Aerobics Swimming: Always swim with a 
buddy and/or lifeguard

Bungee jumping

Cross-country skiing Horseback riding: Wear a helmet Scuba diving

Dancing Bike and scooter riding: Wear a 
helmet

Skydiving

Hiking Canoeing: Wear a life vest and 
helmet

Caving

Golf Ice-skating or hockey: Wear a 
helmet

Boxing

Ping-pong Tennis Hang gliding or 
surfing/windsurfing

Bowling Gymnastics: Always have a 
spotter underneath; avoid being 
upside down

Solo flying

Baseball: wear a hel-
met

Rollerblading, skate boarding: 
Wear a helmet

Field hockey: wear a 
helmet

Football: There is concern about 
the level of contact those with 
cavernous malformations

Most track and field 
events

Soccer: Restrict heading the ball
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for 

epilepsy.

-
jury, such as skateboarding, biking, scooter riding, or inline skating. 

skiing.

Cavernous malformations run in our family. When should 
I have my child tested for the illness?

to their patients that children be screened before school age. Some 

a childhood as possible.
Screening as early as possible and at minimum before school age 

-

address these problems. Third, parents are better prepared to make 
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contact sports. Fourth, teachers may notice symptoms of neurologi-

for your family.
-

How is an MRI for a child different from that for an adult?

-
-

analgesia first, but some children become agitated by or are unable to 

My child seems tired most of the time. What could be caus-
ing this?

There are a number of factors that may be causing your child to 
be fatigued:

effect of stroke and of mild traumatic brain injury. There is no 

malformation hemorrhage. The mechanism behind the fatigue 
is not understood, but the fatigue itself can feel debilitating to 

rest at night and has opportunity for rest during the day is es-

neurologist for suggestions.

-



Cavernous Angioma

-

less rested.

your child seems debilitated by this, speak to his neurologist to 

-

of them.





hydro
cephalus meaning head. As the name implies, it is 

-

pressure on the tissues of the brain.

brain, bathes the surfaces of the brain and spinal cord, and then reab-
sorbs into the bloodstream. CSF has three important life-sustaining 
functions: 1) to keep the brain tissue buoyant, acting as a cushion or 

-

Chapter 35

Hydrocephalus



Brain Disorders Sourcebook, Third Edition

Hydrocephalus may be congenital or acquired: Congenital 

-

of all ages and may be caused by injury or disease.

Hydrocephalus may also be communicating or non-commu-
nicating:

-

There are two other forms of hydrocephalus
fit exactly into the categories mentioned and primarily affect adults: 

-
-

-
noid hemorrhage, head trauma, infection, tumor, or complications of 

-

The number of people who develop hydrocephalus or who 
are currently living with it is difficult to establish since there is 

-

understood.

Symptoms of hydrocephalus vary

-

can expand to accommodate the buildup of CSF because the sutures 

closed.



Hydrocephalus

-

Older children and adults may experience different symptoms 
because their skulls cannot expand to accommodate the buildup of 

other changes in personality or cognition including memory loss.
Symptoms of normal pressure hydrocephalus include, problems 

-
-

intracranial pressure monitoring, and neuropsychological tests, to help 
them accurately diagnose normal pressure hydrocephalus and rule out 
any other conditions.

Treatment: Hydrocephalus is most often treated by surgically 

be absorbed as part of the normal circulatory process.

-

-
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around the surface of the brain.

Possible complications:
Complications may include mechanical failure, infections, obstructions, 
and the need to lengthen or replace the catheter. Generally, shunt sys-

-

under-draining. When there is reason to suspect that a shunt system is 
not functioning properly (for example, if the symptoms of hydrocepha-
lus return), medical attention should be sought immediately.

Prognosis: -

the specific cause of the hydrocephalus and the outcome. Prognosis 
is further complicated by the presence of associated disorders, the 
timeliness of diagnosis, and the success of treatment. The degree to 

-
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Stroke
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Section 36.1

Stroke Basics

common symptoms of stroke are:

-

the blockage or rupture has occurred. Strokes that predominantly affect 
one hemisphere of the brain are common. Since each hemisphere controls 

partly on the type of stroke and the age of the affected person. Although 

Ischemic Stroke and Transient Ischemic Attack



Stroke

to cause damage for hours to days after the initial insult.

the blood is an embolus. A cardioembolic stroke is caused by a clot 
that originates in the heart. Cardiac emboli are most likely to form in 

the heart. They also may occur post-heart attack.
Another contributor to ischemic stroke is chronic atherosclerosis, 

penumbra. The longer reperfusion is delayed, the more cells in the 

is called an infarct.

by brain imaging.
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-

-

Hemorrhagic Stroke

brain prone to rupture and bleeding. Chronic hypertension and a con-

-

Figure 36.1. Ischemic Stroke and Hemorrhagic Stroke. An ischemic stroke 
occurs when a blood vessel supplying the brain becomes blocked, as by a 
clot (L). A hemorrhagic stroke occurs when a blood vessel bursts, leaking 
blood into the brain (R).



Stroke

-

Cerebral amyloid angiopathy (CAA) refers to a buildup of pro-

is a major contributing factor to intracerebral hemorrhage in older 

A subarachnoid hemorrhage

thunderclap headache and it demands immediate medical attention. 

-

to oxygen and other nutrients in the blood, but generally impermeable 
-

rhagic stroke, these cells and molecules are released en masse into 

damages the brain by compression.

Vascular cognitive impairment: -
-
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-

-
tiating a business deal.

Stroke Diagnostics and Brain Imaging

-

include blood tests and an electrocardiogram to check for cardiac ab-

-

three-dimensional reconstructions. This in-depth look at the brain 
helps to: rule out other potential neurological conditions such as a 
brain tumor, differentiate ischemic from hemorrhagic stroke, identify 

location of the infarct.

Stroke Risk Factors

it should be no surprise that similar modifiable risk factors contribute 

to dramatically reduce these risks through healthier lifestyle choices 

Hypertension



Stroke

Cigarette smoking
of ischemic stroke and up to a four-fold increase in the risk of hemor-
rhagic stroke. Smoking promotes atherosclerosis and aneurysm for-
mation, and stimulates blood clotting factors. Stroke risk decreases 

Having diabetes,

common among diabetics and accounts for much of their increased 

the risk of recurrent stroke. 

Physical inactivity and obesity:

Atrial fibrillation (AF)

-

increased clotting. Warfarin, a blood-thinning medication, can reduce 

Cholesterol imbalance: -
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is speculation that statins reduce stroke risk by acting through some 

Stroke in Infants and Children

is often considered a disease of aging, the risk of stroke in childhood is 

often mistakenly attribute these symptoms to other causes, leading to 

for strokes during the perinatal period.

factors include congenital (inborn) heart abnormalities, head trau-
ma, and blood-clotting disorders. An important risk factor for African 
American children is sickle cell disease. Strokes during the perinatal 

-
tions, maternal drug abuse, prior infertility treatments, and maternal
health conditions such as autoimmune disease and preeclampsia (a 
potentially serious combination of hypertension and kidney problems 

-

appears in infancy or early childhood. A stroke that occurs during 
infancy or childhood can also cause permanent disability. Generally, 

-

brain are often still pliable enough to compensate for damaged areas. 



411

Stroke

Stroke in Adults

-
erage, African and Hispanic Americans tend to experience stroke at 
younger ages than Caucasians. The stroke mortality rate is higher in 
African Americans than in Caucasians or Hispanics. The incidence 

ethnic groups. 

-

-
-

graphic trends is not fully understood. For example, higher rates of 
hypertension and diabetes explain some, but not all, of the increased 

-
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Section 36.2

Stroke Treatment and Rehabilitation

Medication

stroke are antithrombotics (antiplatelet agents and anticoagulants) 
and thrombolytics.

to the clotting property of blood. These drugs reduce the risk of blood-clot 

antiplatelet drugs include clopidogrel, ticlopidine, and dipyridamole.
Anticoagulants reduce stroke risk by reducing the clotting prop-

erty of the blood. The most commonly used anticoagulants include 
®), heparin, and enoxaparin (also 

of antico
Atrial Fibrillation (SPAF) trial found that, although aspirin is an effec-

-

Thrombolytic agents are used to treat an ongoing, acute ischemic 
stroke caused by an artery blockage. These drugs halt the stroke by 
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-

form of t-PA, a thrombolytic substance made naturally by the body. 

symptom onset, but it should be used only after a physician has con-
firmed that the patient has suffered an ischemic stroke. Thrombolytic 
agents can increase bleeding and therefore must be used only after 

-

thrombolytics are currently being tested in clinical trials.

secondary injury caused by stroke. Although no neuro-protectants 

antioxidants, apoptosis inhibitors, and many others.

Surgery

Carotid endarterectomy -

blood to the brain. As mentioned earlier, the disease atherosclerosis is 

and the blockage of an artery by this fatty material is called stenosis. 

-
-

surgeon.
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catheter is in place in the carotid artery, the radiologist expands the 

Extracranial/intracranial (EC/IC) bypass surgery is a proce-

by rerouting a healthy artery in the scalp to the area of brain tissue 

Clipping: One useful surgical procedure for treatment of brain 

Detachable coil:
-

tracranial aneurysms. A small platinum coil is inserted through an 
artery in the thigh and threaded through the arteries to the site of 

-

death to the patient.

Rehabilitation Therapy

Stroke is the number one cause of serious adult disability in the 

patients.
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Physical therapy: For most stroke patients, physical therapy (PT) 
is the cornerstone of the rehabilitation process. A physical therapist 
uses training, exercises, and physical manipulation of the stroke pa-

Occupational therapy: -

-

independent or semi-independent.

Speech therapy:

great ability to learn and change (called brain plasticity), other areas 

pathologists help stroke patients relearn language and speaking skills, 

-
-

-

to regain some, and sometimes all, language and speaking abilities.

Talk therapy: -
chiatric help after a stroke. Psychological problems, such as depression, 
anxiety, frustration, and anger, are common post-stroke disabilities. 

some of the mental and emotional problems that result from stroke. 
Sometimes it is also beneficial for family members of the stroke patient 
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Section 36.3

Preventing Stroke

Association is the sole distributor of those publications and materials.

Know Your Blood Pressure

-
pertension) is a leading cause of stroke. You can check your blood pres-

blood pressure, she or he may recommend some changes in your diet, 

Find Out If You Have Atrial Fibrillation

blood stream, and can cause a stroke. Your doctor can diagnose AF by 

®) are 
the most commonly prescribed treatments.
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If You Smoke, Stop

can significantly reduce your risk of stroke from this factor.

If You Drink Alcohol, Do So in Moderation

each day can increase your risk for stroke by as much as three times 

Find Out If You Have High Cholesterol

medicine.

If You Are Diabetic

eating program that fits your lifestyle. Your doctor can prescribe life-
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Exercise

care of yourself by exercising.

Enjoy a Lower Sodium (Salt), Lower Fat Diet

Circulation Problems

them. Together, they are your circulation. Your doctor can check to see 

your brain. These arteries, located on each side of your neck, are called 

can cause stroke. You can be tested for this problem by your doctor. Your 
doctor can listen to your arteries just as she or he listens to your heart, or 

cause stroke.



Stroke

®), ticlopidine (Ticlid®), 
®), dipyridamole (Aggrenox®), or other medicine for 

circulation problems, take it exactly as prescribed. Occasionally, sur-
gery is necessary to correct circulation problems such as a blocked 
artery.

Symptoms

-
tion. These include:

simple test:

Table 36.1. Act F.A.S.T.

Face Ask the person to smile.

Does one side of the face droop?

Arms Ask the person to raise both arms.

Does one arm drift downward?

Speech Ask the person to repeat a simple sentence.

Are the words slurred? Can he or she repeat the sen-
tence correctly?

Time If the person shows any of these symptoms, time is im-
portant.

Call 911 or get to the hospital fast. Brain cells are dying.





Part Six

Brain Tumors  
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Just like a cyst elsewhere in your body, a cyst in the brain is a 
sphere filled with fluid, similar to a miniature balloon filled with water. 
Cysts may contain fluid, blood, minerals, or tissue. Although cysts tend 
to be benign growths, they are sometimes found in parts of the brain 
that control vital functions, or they may be found inside malignant 
tumors.

The symptoms associated with a cyst in the brain depend on where 
the cyst is located. Each part of the brain controls a function somewhere 
in the body. Some parts of the brain are relatively silent, allowing a 
cyst to grow quite large before it causes symptoms. Other parts of the 
brain control functions such as swallowing, dexterity, or balance; a cyst 
growing in those locations may be noticed sooner than other locations. 
We offer extensive information about each part of the brain, what it 
controls, and what you might see when a tumor or cyst is present.

Computed tomography (CT) and magnetic resonance imaging (MRI) 
scans are used to diagnose brain cysts. CT scans show the detail of 
the skull bones, and provides a visual image of mineral content in or 
around these masses. MRI scans complement CT scanning by provid-
ing a picture of the location of the cyst in relation to the blood vessels 
and vital structures of the brain. When a cyst is found in the brain, 
there is usually only one; however, multiple tiny cysts may be found 
inside a malignant tumor. On a scan, a cyst has well-defined edges, as 
opposed to malignant tumors which have irregular borders.

“Cysts,” © 2006 American Brain Tumor Association (www.abta.org). Reprint-
ed with permission.

Benign and Tumor-
Associated Brain Cysts

Chapter 37
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There are specific types of cysts. They are named for the type of 
tissue from which they arise and for their contents. The most common 
cysts found in the brain are arachnoid, colloid, dermoid, epidermoid, 
and pineal cysts.

Arachnoid cyst (also called leptomeningeal cyst): An arach-
noid cyst is an enlarged sphere containing cerebrospinal fluid. Arach-
noid cysts are found in the subarachnoid space—the space between the 
arachnoid and pia mater layers of the meninges. Those layers form a 
membrane-like covering around the brain and spinal cord. Arachnoid 
cysts are thought to represent a duplication or split in these normal 
membranes, which creates a localized pouch of trapped cerebrospinal 
fluid. Arachnoid cysts can occur in both adults and children, but are 
most often found in infants and adolescents. They affect more males 
than females. Arachnoid cysts tend to be located in the area of the 
Sylvian fissure (a deep fold which separates the frontal, temporal and 
parietal lobes of the brain), the cerebellopontine angle (the corner at 
which the upper parts of the brain meet the lower parts), the cisterna 
magna (a fluid-containing space near the brain stem), or the supra-
sellar region (the area above the sella—a bony pouch near the center 
of the skull).

Treatment for an arachnoid cyst may be watchful waiting, or it may 
be surgery. If the cyst is small and is not causing problems, your doctor 
may suggest watching the cyst for a while to see if it grows. During that 
time, it is important to keep your appointments for follow-up scans on 
a regular basis, as these cysts may slowly continue to enlarge. After 
each scan, your doctor will compare the new scan to the old scan to 
monitor the size of the cyst. Some arachnoid cysts never enlarge.

If the cyst is causing symptoms or is located in a part of the brain 
where continued growth would cause a problem, your doctor may sug-
gest surgery to remove the cyst. The usual procedure is to drain and 
attempt to remove the entire cyst, including its outermost lining. Some-
times, when this is not feasible, the surgeon will open the cyst wall 
to drain the contents into the normal cerebrospinal fluid pathways. If 
the cyst is blocking the flow of cerebrospinal fluid through the brain, a 
shunt may be used to help move the fluid and open these passageways. 
If the fluid in the cyst is aspirated through a needle, without the cyst 
wall being addressed, the fluid generally reaccumulates rapidly.

Colloid cyst: Although scientists are not sure exactly which cells 
give rise to colloid cysts, they do agree that this type of cyst begins 
during the embryonic formation of the central nervous system. These 
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grape-like spheres contain a thick, gelatinous substance called colloid. 
As the colloid filling of the sphere increases, the size of the cyst in-
creases. These cysts may quietly sit in the brain during childhood, not 
making their presence known until the adult years when they finally 
reach a large enough size to cause symptoms. In addition to the colloid 
filling, they may also contain blood, minerals, or cholesterol crystals.

Colloid cysts are typically found growing along the roof of the third 
ventricle (a space in the center of the brain which holds spinal fluid) or 
in the choroid plexus (the lining of the third ventricle). Cysts in these 
locations may block the flow of fluid through the brain, causing a fluid 
backup called hydrocephalus. As the fluid builds up in the ventricles, 
increased pressure occurs and causes headaches. Other symptoms 
may include confusion, difficulty walking, and brief interruption of 
consciousness.

Continued, untreated pressure from a cyst in this location may 
cause brain herniation or sudden death. For that reason, the first goal 
of therapy for a colloid cyst will be to relieve the pressure buildup. A 
shunt may be used to drain fluid, or surgery may be done to remove or 
drain the cyst. Removing the entire cyst can be challenging because of 
its location on or near the third ventricle. Some surgeons are exploring 
the use of endoscopes for operating in the ventricles; others are explor-
ing computer-assisted surgical navigation tools for tumor removal in 
this area. The best treatment is still under discussion and study.

Dermoid cyst (also called dermoid): Dermoid cysts most likely 
form during the very early weeks of fetal growth. As an embryo is de-
veloping, the neural tube—the cells which eventually form the brain 
and spine—separate from the cells destined to become the skin and 
bones of the face, nose, and vertebrae. A dermoid cyst results when 
cells predestined for the face become entrapped in the brain or the 
spinal cord. Consequently, the inside of a dermoid cyst often contains 
hair follicles, bits of cartilage, or glands which produce skin oils and 
fats. On very rare occasions, a dermoid cyst may spontaneously open, 
releasing these oils into the brain or spinal cord. This event can cause 
a situation called chemical meningitis, in which the released contents 
irritate the meninges.

Dermoid cysts located in the brain are relatively rare; more often, 
they are found in the ovaries, spine, face, neck, or scalp. Outside the 
brain, they are sometimes referred to as sebaceous cysts. In the brain, 
these benign masses tend to be located in the posterior fossa (the lower 
back portion of the brain) or the neighboring meninges (the thin mem-
branes which form the covering of the brain and spinal cord).
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Dermoid cysts in the brain tend to be found in children under ten 
years old. In older children and young adults, they are usually located 
at the lower end of the spine. The cavity of the fourth ventricle and 
the base of the brain, under the surface of the frontal lobes, are also 
common sites.

The standard treatment for a dermoid cyst is surgical removal. If 
the lining of the cyst (the complete outer wall of the sphere) is unable 
to be completely removed, it will likely regrow. But that growth may 
be very slow, and it could be years before symptoms again return.

Epidermoid cyst (also called epidermoid, or epidermoid tu-
mor): Epidermoid cysts, also referred to as epidermoid tumors, develop 
in the same manner as dermoid cysts. These masses arise when em-
bryonic cells meant to be skin, hair, or nail tissue become entrapped 
in the cells forming the brain and spinal cord. The distinction between 
dermoid cysts and epidermoids is that epidermoid cysts do not contain 
hair or sebaceous glands. These cysts contain a thick yellow substance 
that may also contain hair, skin oils, or cholesterol crystals. As with 
dermoid cysts, on very rare occasions, an epidermoid cyst may spon-
taneously open, releasing these contents into the brain or spinal cord. 
Epidermoid cysts are benign masses, occurring more frequently in 
the brain than in the spine. They are most often found in middle-aged 
adults. These cysts tend to be located near the cerebellopontine angle 
(the area where the top part of the brain meets the brain stem), near 
the pituitary gland, or along the skull where they may actually grow 
through the skull bone.

Standard treatment of epidermoid cysts is surgical removal. If the 
complete cyst (including the sac-like lining of the cyst) is able to be re-
moved, the cyst may be considered cured. If the complete lining cannot 
be removed, however, the cyst may begin to grow. Regrowth tends to 
occur slowly, often with years passing before symptoms again return. 
There are a few, albeit extremely rare, cases of these benign tumors 
transforming themselves into squamous cell cancer. If this were to 
occur, surgery and radiation therapy may be suggested.

Pineal cysts: Cysts in the pineal gland are found in 1–4% of people 
undergoing MRI for other causes. Why they develop remains unclear. 
They may be developmental in origin, or they may arise when the pin-
eal gland begins the normal process of shrinkage following puberty. It 
is rare for pineal cysts to cause neurologic problems. When this does oc-
cur, problems arise either because there has been increased cerebrospi-
nal fluid production or bleeding into the cyst. Symptoms may include 
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headache and difficulty looking upwards; if hydrocephalus (blockage 
of fluid pathways in the brain) occurs, patients may experience sleepi-
ness, confusion, trouble walking, and double vision. Most patients with 
asymptomatic pineal cysts (cysts not causing symptoms) will never 
experience cyst enlargement or the development of symptoms. Pineal 
cysts are rarely associated with underlying tumors, and typically an 
associated tumor is readily identified with MRI scanning. Some doctors 
obtain repeat scans of pineal cysts over time to make sure there is no 
associated tumor or cyst enlargement. Once it has been determined 
that there is no associated tumor, some doctors continue to recommend 
periodic scans to look for cyst growth. Others advocate getting further 
scans if, and only if, the person develops symptoms.

Tumor-associated cysts: The cysts already discussed are gener-
ally not considered neoplasms or tumors because they originate as 
developmental abnormalities. Both benign and malignant tumors, 
however, may be associated with cysts (sometimes known as tumor 
cysts). When a cyst is associated with an underlying tumor, the tumor 
is usually obvious because CT or MRI scan shows a nodule or lump 
adjoining the cyst. Certain benign tumors—including hemangioblas-
tomas, pilocytic astrocytomas, and gangliogliomas—are commonly 
associated with cysts and are usually treated with surgery. Malignant 
tumors may also be associated with cysts; these tumors may require 
radiation and/or chemotherapy in addition to surgery, when feasible.

Frequently Asked Questions about Cysts

I’ve been told to wait to see if my cyst grows. Should I worry 
about this?

Very often, cysts do not produce any symptoms and do not enlarge 
over time. If a cyst is not causing symptoms and is not thought to be 
associated with a tumor, that patient might never develop a problem 
from the cyst. An operation to remove the cyst might carry a greater 
risk than living with the cyst. Your doctor can help you weigh the risks 
of watching and waiting with the risks of undergoing surgery.

Can my cyst explode if it isn’t removed?

Cysts rarely produce explosive symptoms; much more commonly, a 
gradual increase in fluid inside a cyst leads to progressive symptoms. 
As mentioned, some cysts (such as dermoids and epidermoids) contain 
fluid that if released may be irritating to the brain or meninges. On the 
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rare occasions that such cysts spontaneously burst and release their 
contents, patients may experience fever, headache, or neck stiffness.

How can the doctors tell this is a cyst, and not some type of 
cancerous brain tumor?

A CT, or particularly, an MRI scan of a cyst generally shows no solid 
or nodular components which could suggest an associated malignant 
tumor. Sometimes, when a cyst appears benign but the doctor cannot 
be 100% certain, repeated radiological studies over time will be rec-
ommended. A malignant tumor would be expected to grow over time, 
whereas a benign cyst might not.

What is the difference between a cyst and a tumor? Why are 
epidermoid cysts also called epidermoid tumors?

The term cyst refers to a fluid-filled structure, whereas a tumor 
consists of a mass of abnormal cells with abnormal growth potential. 
Cysts not associated with tumors typically have a very thin rim sur-
rounding the fluid. When a tumor has an associated cyst, there is gen-
erally a mass, or at least a thickening of the rim, visible on CT or MRI 
scan. Since the growth rate of the skin cells in an epidermoid cyst is 
generally the same as that of normal skin, from a technical standpoint, 
epidermoids are more accurately classified as cysts than tumors.

It appears that surgery may, or may not, be suggested. 
What are the guidelines a neurosurgeon uses to make this 
decision?

There are no rigorous guidelines. If the cyst is causing symptoms, 
or it is a size that it is likely soon to cause symptoms, surgery will 
generally be recommended. If the cyst is associated with an undiag-
nosed tumor, this may be grounds for surgery. If a cyst is asymptomatic 
(the patient has no symptoms) and the neurosurgeon believes growth 
potential is low, the surgeon may recommend observation with surveil-
lance brain scanning.

Is radiation therapy ever used to treat a cyst?

In general, radiation is used to kill dividing cells. The fluid inside 
a cyst does not contain dividing cells, and the cells forming the walls 
of most cysts (including arachnoid, colloid, dermoid, epidermoid, and 
pineal cysts) are not dividing. Targeting the fluid or the cyst walls would 
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therefore not be of use. If the cyst is associated with a tumor, radiation 
is sometimes directed (usually from outside the body) at the tumor 
plus or minus the cyst wall. Rarely, in tumor-associated cysts such 
as craniopharyngiomas, particles emitting radiation may be injected 
into the cyst fluid to deliver a very high dose of radiation to the cells 
comprising the wall of the cyst.

What are the odds of a cyst regrowing?

It depends on what is causing the cyst. In general, if the wall of 
the cyst is completely removed, the chance of cyst recurrence is quite 
low. If the cyst is drained but the wall is left intact, the odds of fluid 
reaccumulating are much higher.

Can cysts be prevented?

There is nothing specifically to be done to prevent development of 
cysts.

What does it mean when a cyst is an incidental finding?

This means that the cyst is unlikely to be causing any symptoms, 
and the cyst is unrelated to what the doctor who ordered the brain 
scan was looking for.

Can a cyst affect your white blood cell count?

As a general rule, it would not.

Can you tell a cyst from a tumor on MRI?

A cyst may be part of a tumor, or it may exist without a tumor. Some-
times it is easy to tell if a cyst is associated with a tumor, particularly 
if there is a lump of excess, abnormal tissue next to a cyst. Sometimes 
it is very clear that a cyst is not associated with a tumor. Occasionally, it 
is hard to be sure—even with an MRI.
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The brain directs the things we choose to do (like walking and talk-
ing) and the things our body does without thinking (like breathing). 
The brain is also in charge of our senses (sight, hearing, touch, taste, 
and smell), memory, emotions, and personality. The three major parts 
of the brain control different activities:

Cerebrum: The cerebrum uses information from our senses to tell 
us what is going on around us and tells our body how to respond. It 
controls reading, thinking, learning, speech, and emotions. The cere-
brum is divided into the left and right cerebral hemispheres. The right 
hemisphere controls the muscles on the left side of the body. The left 
hemisphere controls the muscles on the right side of the body.

Cerebellum: The cerebellum controls balance for walking and 
standing, and other complex actions.

Brain stem: The brain stem connects the brain with the spinal 
cord. It controls breathing, body temperature, blood pressure, and 
other basic body functions.

Tumor Grades and Types

When most normal cells grow old or get damaged, they die, and new 
cells take their place. Sometimes, this process goes wrong. New cells form 

This chapter includes excerpts from “What You Need to Know about Brain Tumors,” 
National Cancer Institute (NCI), NIH Publication No. 09–1558, Fe bruary 2009.

Chapter 38

Primary Brain Tumors
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when the body doesn’t need them, and old or damaged cells don’t die as 
they should. The buildup of extra cells often forms a mass of tissue called 
a growth or tumor. Primary brain tumors can be benign or malignant.

Benign brain tumors do not contain cancer cells:

back.

Cells from benign tumors rarely invade tissues around them. 
They don’t spread to other parts of the body. However, benign 
tumors can press on sensitive areas of the brain and cause seri-
ous health problems.

brain tumors are sometimes life threatening.

Malignant brain tumors (also called brain cancer) contain cancer 
cells:

are a threat to life.

Figure 38.1. Major Parts of the Brain
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healthy brain tissue.

spread to other parts of the brain or to the spinal cord. They rare-
ly spread to other parts of the body.

Tumor Grade

Doctors group brain tumors by grade. The grade of a tumor refers 
to the way the cells look under a microscope:

brain cells, and they grow slowly.

from normal cells. The abnormal cells are actively growing (ana-
plastic).

-
mal and tend to grow quickly.

Cells from low-grade tumors (grades I and II) look more normal 
and generally grow more slowly than cells from high-grade tumors 
(grades III and IV).

Over time, a low-grade tumor may become a high-grade tumor. 
However, the change to a high-grade tumor happens more often among 
adults than children.

Types of Primary Brain Tumors

There are many types of primary brain tumors. Primary brain tu-
mors are named according to the type of cells or the part of the brain 
in which they begin. For example, most primary brain tumors begin 
in glial cells. This type of tumor is called a glioma.

Adults: Common Types of Tumors

Astrocytoma: The tumor arises from star-shaped glial cells called 
astrocytes. It can be any grade. In adults, an astrocytoma most often 
arises in the cerebrum.
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anaplastic astrocytoma.

-
nant astrocytic glioma.

Meningioma: The tumor arises in the meninges. It can be grade I, 
II, or III. It’s usually benign (grade I) and grows slowly.

Oligodendroglioma: The tumor arises from cells that make the fatty 
substance that covers and protects nerves. It usually occurs in the cere-
brum. It’s most common in middle-aged adults. It can be grade II or III.

Children: Common Types of Tumors

Medulloblastoma: The tumor usually arises in the cerebellum. It’s 
sometimes called a primitive neuroectodermal tumor. It is grade IV.

Grade I or II astrocytoma: In children, this low-grade tumor 
occurs anywhere in the brain. The most common astrocytoma among 
children is juvenile pilocytic astrocytoma. It’s grade I.

Ependymoma: The tumor arises from cells that line the ventricles 
or the central canal of the spinal cord. It’s most commonly found in 
children and young adults. It can be grade I, II, or III.

Brain stem glioma: The tumor occurs in the lowest part of the 
brain. It can be a low-grade or high-grade tumor. The most common 
type is diffuse intrinsic pontine glioma.

Risk Factors

When you’re told that you have a brain tumor, it’s natural to won-
der what may have caused your disease. But no one knows the exact 
causes of brain tumors. Doctors seldom know why one person develops 
a brain tumor and another doesn’t. Researchers are studying whether 
people with certain risk factors are more likely than others to develop 
a brain tumor. A risk factor is something that may increase the chance 
of getting a disease.

Studies have found the following risk factors for brain tumors:

(such as radiation therapy from a large machine aimed at the 
head) and other sources can cause cell damage that leads to a 
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tumor. People exposed to ionizing radiation may have an in-
creased risk of a brain tumor, such as meningioma or glioma.

Only a very small number of families have several members 
with brain tumors.

Researchers are studying whether using cell phones, having had 
a head injury, or having been exposed to certain chemicals at work or 
to magnetic fields are important risk factors. Studies have not shown 
consistent links between these possible risk factors and brain tumors, 
but additional research is needed.

Symptoms

The symptoms of a brain tumor depend on tumor size, type, and 
location. Symptoms may be caused when a tumor presses on a nerve 
or harms a part of the brain. Also, they may be caused when a tumor 
blocks the fluid that flows through and around the brain, or when the 
brain swells because of the buildup of fluid.

These are the most common symptoms of brain tumors:

Most often, these symptoms are not due to a brain tumor. Another 
health problem could cause them. If you have any of these symptoms, you 
should tell your doctor so that problems can be diagnosed and treated.

Diagnosis

If you have symptoms that suggest a brain tumor, your doctor will 
give you a physical exam and ask about your personal and family 
health history. You may have one or more of the following tests:
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Neurologic exam: Your doctor checks your vision, hearing, alert-
ness, muscle strength, coordination, and reflexes. Your doctor also 
examines your eyes to look for swelling caused by a tumor pressing 
on the nerve that connects the eye and the brain.

Magnetic resonance imaging (MRI): A large machine with a 
strong magnet linked to a computer is used to make detailed pictures 
of areas inside your head.

Computed tomography (CT) scan: An x-ray machine linked to 
a computer takes a series of detailed pictures of your head. You may 
receive contrast material by injection into a blood vessel in your arm 
or hand.

Angiogram: Dye injected into the bloodstream makes blood vessels 
in the brain show up on an x-ray. If a tumor is present, the x-ray may 
show the tumor or blood vessels that are feeding into the tumor.

Figure 38.2. The Brain and Nearby Structures
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Spinal tap: Your doctor may remove a sample of cerebrospinal 
fluid (the fluid that fills the spaces in and around the brain and spinal 
cord).

Biopsy: The removal of tissue to look for tumor cells is called a 
biopsy. A biopsy can show cancer, tissue changes that may lead to 
cancer, and other conditions. A biopsy is the only sure way to diagnose 
a brain tumor, learn what grade it is, and plan treatment. However, if 
the tumor is in the brain stem or certain other areas, the doctor may 
use MRI, CT, or other imaging tests to learn about the brain tumor.

Treatment

People with brain tumors have several treatment options. The op-
tions are surgery, radiation therapy, and chemotherapy. Many people 
get a combination of treatments. The choice of treatment depends 
mainly on the type and grade of brain tumor, its location in the brain, 
its size, and your age and general health. For some types of brain can-
cer, the doctor also needs to know whether cancer cells were found in 
the cerebrospinal fluid.

Your doctor can describe your treatment choices, the expected 
results, and the possible side effects. Because cancer therapy often 
damages healthy cells and tissues, side effects are common. Before 
treatment starts, ask your health care team about possible side effects 
and how treatment may change your normal activities. You and your 
health care team can work together to develop a treatment plan that 
meets your medical and personal needs.

You may want to talk with your doctor about taking part in a clini-
cal trial, a research study of new treatment methods. Your doctor may 
refer you to a specialist, or you may ask for a referral.

Editor’s note: For further information about treatments for brain 
tumors, please refer to Chapters 8–14 in Part II: Diagnosing and Treat-
ing Brain Disorders of this book.

Second Opinion

Before starting treatment, you might want a second opinion about 
your diagnosis and treatment plan. Some people worry that the doctor 

is true. Most doctors welcome a second opinion. And many health in-
surance companies will pay for a second opinion if you or your doctor 
requests it. Some companies require a second opinion.
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If you get a second opinion, the doctor may agree with your first 
doctor’s diagnosis and treatment plan. Or the second doctor may sug-
gest another approach. Either way, you’ll have more information and 
perhaps a greater sense of control. You can feel more confident about 
the decisions you make, knowing that you’ve looked at your options.

It may take some time and effort to gather your medical records 
and see another doctor. In many cases, it’s not a problem to take sev-
eral weeks to get a second opinion. The delay in starting treatment 
usually won’t make treatment less effective. To make sure, you should 
discuss this delay with your doctor. Some people with a brain tumor 
need treatment right away.

There are many ways to find a doctor for a second opinion. You can 
ask your doctor, a local or state medical society, a nearby hospital, or 
a medical school for names of specialists. Also, you can request a con-
sultation with specialists at the National Institutes of Health Clinical 
Center in Bethesda, Maryland, toll-free at 866-251-9686.

Care during Treatment

Nutrition: It’s important for you to take care of yourself by eating 
well. You need the right amount of calories to maintain a good weight. 
You also need enough protein to keep up your strength. Eating well 
may help you feel better and have more energy.

Sometimes, especially during or soon after treatment, you may not 
feel like eating. You may be uncomfortable or tired. You may find that 
foods don’t taste as good as they used to. In addition, the side effects 
of treatment (such as poor appetite, nausea, vomiting, or mouth blis-
ters) can make it hard to eat well. Your doctor, a registered dietitian, 
or another health care provider can suggest ways to deal with these 
problems.

Supportive care: A brain tumor and its treatment can lead to 
other health problems. You may receive supportive care to prevent or 
control these problems. You can have supportive care before, during, 
and after cancer treatment. It can improve your comfort and quality of 
life during treatment. Your health care team can help you with swell-
ing of the brain, seizures, fluid buildup in the skull, and emotional 
distress.

Many people with brain tumors receive supportive care along with 
treatments intended to slow the progress of the disease. Some decide 
not to have antitumor treatment and receive only supportive care to 
manage their symptoms.
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Rehabilitation: Can be a very important part of the treatment 
plan. The goals of rehabilitation depend on your needs and how the tu-
mor has affected your ability to carry out daily activities. Some people 
may never regain all the abilities they had before the brain tumor and 
its treatment. But your health care team makes every effort to help 
you return to normal activities as soon as possible.

Follow-up care: You’ll need regular checkups after treatment for a 
brain tumor. For example, for certain types of brain tumors, checkups 
may be every three months. Checkups help ensure that any changes 
in your health are noted and treated if needed. If you have any health 
problems between checkups, you should contact your doctor.

Your doctor will check for return of the tumor. Also, checkups help 
detect health problems that can result from cancer treatment. Check-
ups may include careful physical and neurologic exams, as well as 
MRI or CT scans. If you have a shunt, your doctor checks to see that 
it’s working well.

Taking Part in Cancer Research

Cancer research has led to real progress in the detection and treat-
ment of brain tumors. Continuing research offers hope that in the 
future even more people with brain tumors will be treated successfully. 
Doctors all over the country are conducting many types of clinical tri-
als (research studies in which people volunteer to take part). Clinical 
trials are designed to find out whether new approaches are safe and 
effective. Doctors are trying to find better ways to care for adults and 
children with brain tumors. They are testing new drugs and combining 
drugs with radiation therapy. They are also studying how drugs may 
reduce the side effects of treatment.

Even if the people in a trial do not benefit directly, they may still 
make an important contribution by helping doctors learn more about 
brain tumors and how to control them. Although clinical trials may 
pose some risks, doctors do all they can to protect their patients. If 
you’re interested in being part of a clinical trial, talk with your doc-
tor.
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Definition: A metastatic brain tumor is brain cancer that has 
spread from another part of the body.

Causes

Many tumor or cancer types can spread to the brain, the most com-
mon being lung cancer, breast cancer, melanoma, kidney cancer, bladder 
cancer, certain sarcomas, testicular and germ cell tumors, and a number 
of others. Some types of cancers only spread to the brain infrequently, 
such as colon cancer, or very rarely, such as prostate cancer.

Brain tumors can directly destroy brain cells, or they may indirectly 
damage cells by producing inflammation, compressing other parts of 
the brain as the tumor grows, inducing brain swelling, and causing 
increased pressure within the skull.

Metastatic brain tumors are classified depending on the exact site 
of the tumor within the brain, type of tissue involved, original location 
of the tumor, and other factors. Infrequently, a tumor can spread to the 
brain, yet the original site or location of the tumor is unknown. This 

Metastatic brain tumors occur in about one-fourth of all cancers 
that metastasize (spread through the body). They are much more com-
mon than primary brain tumors. They occur in approximately 10–30% 
of adult cancers.

Chapter 39

Metastatic Brain Tumors

“Metastatic Brain Tumor,” © 2009 A.D.A.M., Inc. Reprinted with permission.
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Symptoms

Note: Specific symptoms vary. The symptoms commonly seen with 
most types of metastatic brain tumor are those caused by increased 
pressure in the brain.

Exams and Tests

An examination reveals neurologic changes that are specific to the 
location of the tumor. Signs of increased pressure within the skull are 
also common. Some tumors may not show symptoms until they are 
very large. Then, they suddenly cause rapid decline in the person’s 
neurologic functioning.

The original (primary) tumor may already be known, or it may be 
discovered after an examination of tumor tissues from the brain indi-
cates that it is a metastatic type of tumor.

(MRI) of the brain can confirm the diagnosis of brain tumor and 
identify the location of the tumor. MRI is usually better for find-
ing tumors in the brain.
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space-occupying mass, which may or may not be highly vascular 
(filled with blood vessels).

pelvis, and other tests are performed to look for the original site 
of the tumor.

-
gery or CT scan-guided biopsy is used to confirm the exact type 
of tumor. If the primary tumor can be located outside of the brain, 
the primary tumor is usually biopsied rather than the brain tu-
mor.

test the cerebral spinal fluid.

Treatment

Treatment depends on the size and type of the tumor, the initial site 
of the tumor, and the general health of the person. The goals of treat-
ment may be relief of symptoms, improved functioning, or comfort.

Radiation to the whole brain is often used to treat tumors that have 
spread to the brain, especially if there is more than one tumor.

Surgery may be used for metastatic brain tumors when there is a 
single lesion and when there is no cancer elsewhere in the body. Some 
may be completely removed. Tumors that are deep or that infiltrate 
brain tissue may be debulked (removing much of the tumor’s mass to 
reduce its size). Surgery may reduce pressure and relieve symptoms 
in cases when the tumor cannot be removed.

Chemotherapy for brain metastases is not as helpful as surgery or 
radiation for many types of cancer.

Medications for some symptoms of a brain tumor may include the 
following:

swelling
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When multiple metastases (widespread cancer) are discovered, 
treatment may focus primarily on relief of pain and other symptoms. 
Comfort measures, safety measures, physical therapy, occupational 
therapy, and other interventions may improve the patient’s quality of 

as power of attorney, in cases where continued physical or intellectual 
decline is likely.

Outlook (Prognosis)

In general, the probable outcome is fairly poor. For many people 
with metastatic brain tumors, the cancer spreads to other areas of the 
body. Death often occurs within two years.

Possible Complications

When to contact a medical professional: Call your health care 
provider if you develop a persistent headache that is new or differ-
ent for you. Call your provider or go to the emergency room if you 
or someone else suddenly develops stupor, vision changes, or speech 
impairment, or has seizures that are new or different.
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The pituitary gland is a bean-sized organ located in the midline 
at the base of the brain, just behind the bridge of the nose, in a bony 
pouch called the sella turcica.

The pituitary itself is known as the master gland because it helps to 
control the secretion of hormones from a number of other glands and 
organs in the body. These include the thyroid, the adrenals, testes, and 
ovaries. The pituitary gland releases hormones into the blood stream, 
where they are carried to distant glands or organs in the body. Those 
distant glands release other hormones which, in turn, feed back to 
the brain through the bloodstream. Once back in the brain, hormones 
cause the hypothalamus (a part of the brain near the pituitary) to 

Chapter 40

Pituitary Tumors

Excerpted from “Pituitary Tumors,” © 2009 American Brain Tumor Association 
(www.abta.org). Reprinted with permission.

Figure 40.1.
Pituitary Gland
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signal the pituitary gland to secrete more hormones or slow down hor-
mone production, depending on the needs of the body. A stem-like stalk 
connects the pituitary gland to the hypothalamus and it is through 
this stalk that the hypothalamus sends signals to control the activity 
of the pituitary gland.

The medical term for pituitary tumors is pituitary adenoma—adeno
means gland, oma means tumor. Most pituitary adenomas develop 
in the front two-thirds of the pituitary gland. That area is called the 
adenohypophysis, or the anterior pituitary. Pituitary tumors rarely 
develop in the rear one-third of the pituitary gland, called the neuro-
hypophysis or the posterior pituitary. The tumors are almost always 
benign and are very treatable. Some tumors can be treated effectively 
with medications while others require surgery. Because the pituitary 
gland is important in the function of other glands in the body, treating 
a pituitary tumor requires an active coordinated multi-disciplinary 
health care approach, support, and follow-up care.

Incidence

Pituitary tumors account for 9–12% of all primary brain tumors, 
making them the third most common primary brain tumor in adults fol-
lowing meningiomas and the gliomas. Abnormalities including small tu-
mors and benign cysts within the pituitary are quite common. Although 

Figure 40.2.
Endocrine Glands
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exact statistics are not yet available on these tumors (registries only 
recently began counting pituitary tumors in their data) it is estimated 
that 20–25% of the general population may have small, symptomless 
pituitary tumors. It appears that 10% of the general population will have 
an abnormality big enough to see on magnetic resonance imaging (MRI). 
These abnormalities most often do not cause symptoms and generally 
do not require medical or surgical therapy.

Pituitary tumors can be found in every age group, but their inci-
dence tends to increase with age. Functioning (also called secreting) 
tumors most frequently occur in younger adults. Non-functioning (non-
secreting) tumors tend to occur in older adults. Women are diagnosed 
with pituitary tumors slightly more often than men. This may be due 
to the tumors’ interference with the female menstrual cycle, which 
sometimes makes symptoms more obvious.

Causes

Pituitary tumors, similar to tumors located elsewhere in the body, 
develop from one single abnormal cell that multiplies into many abnor-
mal cells, eventually forming a tumor. Stimulation from the hypothala-
mus may also contribute to tumor growth. If your doctor determines 
you have a tumor, the next step is learning the type of pituitary tu-
mor.

Types of Tumors

Pituitary tumors may be classified and named by the hormones 
they secrete, if any; their size; and the appearance of the tumor cells 
under a microscope.

Hormones: Some pituitary tumors inappropriately secrete exces-
sive amounts of a particular hormone. These are known by several 
names including functioning adenomas, hormonally active adenomas, 
and secretory adenomas. Functioning or secreting tumors may cause 
the pituitary gland to ignore the signals from the hypothalamus, al-
lowing the pituitary gland to secrete excessive amounts of hormones 

hormone (ACTH), or thyroid-stimulating hormone (TSH).
Sometimes these tumors secrete more than one type of hormone. 

Other pituitary tumors do not over-secrete any active hormone at all 
and may even cause a slow down or a stoppage in hormone production 
(a condition called hypopituitarism). These tumors are commonly called 
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nonfunctioning adenomas (NFAs).Other names for these nonsecreting 
tumors include hormonally inactive or non-secretory adenomas.

Size: Pituitary tumors are also classified by their size. Tumors ap-
pearing to be less than ten millimeters (mm), or about three-quarters 
inch, in diameter on an MRI scan are called microadenomas. Those 
larger than ten mm are called macroadenomas.

Microscopic appearance: If your tumor is surgically removed, it 
will be examined by a pathologist—a doctor specially trained to look 
at tumor cells using a microscope. The pathologist will examine the 
sample of tumor tissue, and provide a report to your doctor. The pa-
thology report describes the hormone content, structure, and the cells 
that gave rise to your tumor. It usually takes about a week for your 
doctor to receive the surgical pathology report. All of this information 
is then used to determine your tumor type, form a treatment plan, and 
predict the possible future activity of the tumor.

Symptoms

Since almost 70% of pituitary tumors are functional, or secreting, 
tumors the most common symptoms are related to excess hormone 

breast milk without pregnancy (galactorrhea), excessive growth (ac-
romegaly or gigantism), Cushing syndrome, or a hyperactive thyroid 
may be clues to the presence of a tumor in this gland. Headache, vision 
changes, sleep and eating disorders, and excessive thirst and urination 
(diabetes insipidus) may also be noted.

Do you think you have a pituitary tumor?

If you have symptoms causing you concern, begin by making an ap-
pointment to see your family doctor or your primary care physician. Ex-
plain your symptoms, and be a good historian. How long have you been 
experiencing the symptoms? Have they changed any since your symp-
toms first began? Share your concerns and your medical history. Your 
doctor can order a few basic tests (blood work and/or a scan) that will 
help determine the next step. There are many diseases that can cause 
hormone-related symptoms; not all of them are tumors. Your primary 
care physician can help you sort through your symptoms, and make the 
appropriate referrals if necessary. An endocrinologist may be very help-
ful in clarifying the diagnosis and managing medical therapy.
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Diagnosis

If your doctor suspects you have a tumor, several tests are avail-
able that can help determine the diagnosis. Special blood tests can 
determine your hormone levels and whether the pituitary gland is the 
source of any excess hormone.

Following a neurological exam and endocrine screening (blood hor-
mone levels), an MRI scan with contrast dye is used to obtain images 
of the pituitary gland, the sella and the area around it. In some circum-
stances, scans of the chest or abdomen may be necessary to verify that 
the hormone imbalances are caused by the pituitary gland. An ophthal-
mologist—a doctor specializing in visual problems—may examine your 
eyes if the tumor affects your eyesight, and impairs peripheral vision.

Sometimes, pituitary tumors are found incidentally. This usually 
means the tumor was seen on an MRI scan ordered for another, un-
associated medical reason such as a sports-related accident. These 
symptomless tumors require careful evaluation, but may not always 
need immediate treatment.

Specific Tumors

Prolactinomas, or prolactin-producing adenomas: Prolactino-
mas represent about 30–40% of all pituitary tumors, making them the 
most common of these tumors. Prolactinomas are most often found in 
women of childbearing age. In men, prolactinomas are more frequent 

Figure 40.3.
Lateral View of the Brain
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in the fourth and fifth decade of life. About half of these tumors are 
microadenomas, which are small tumors.

In women, high prolactin levels may cause menstruation to stop 
(amenorrhea) or inappropriate production of breast milk (galactor-
rhea) may develop. In men, prolactin-secreting tumors may cause a 
decreased sex drive and impotence. Men also tend to develop larger 
tumors which may cause headaches or vision problems.

Growth hormone-producing adenomas: These tumors repre-

tumors are more common in men than in women. Often macroad-
enomas, these tumors may extend toward the cavernous sinus, an area 
of the brain located next to the pituitary. Mixed prolactin and growth 
hormone-secreting tumors are not uncommon.

and adolescents. In adults who have reached their full height, the 
hands, feet, and lower jaw become enlarged. This is called acromegaly. 
Excessive growth hormone can aggravate other medical conditions 
such as diabetes mellitus, hypertension, and heart disease.

Adrenocorticotrophic hormone (ACTH)-producing adenomas:
These tumors represent about 16% of the pituitary adenomas. They are 
much more common in women than in men. ACTH (adrenocorticotropic 
hormone) stimulates the adrenal gland to make and secrete glucocorti-
coids, which are natural steroids. Excess glucocorticoids cause Cushing 
disease. Some of the symptoms of Cushing disease are a moon-shaped 
face, excess hair growth on the body, bruising, menstrual irregularities, 
and high blood pressure.

Other hypersecreting pituitary adenomas: This group rep-
resents less than 1% of pituitary adenomas. Some of these tumors 
excrete increased amounts of thyrotropin (thyroid-stimulating hor-
mone).Others may secrete follicle stimulating hormone/luteinizing 
hormone (which controls the ovaries and testes) or alpha subunit (a 
glycoprotein hormone).

Non-secreting tumors: Also called non-functioning tumors, these 
represent about 25% of the pituitary adenomas. Null cell adenomas, 
oncocytomas, silent corticotroph adenomas, and gonadotroph adenomas 
fall into this group. These tumors grow slowly and generally cause 
minimal symptoms. They may be sizable before their presence is sus-
pected. When they expand outside the sella turcica, they may press 
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on the nearby optic nerves causing vision loss and headache. Such tu-
mors can also compress the pituitary gland itself so it cannot produce 
and deliver its normal output of hormones. Called hypopituitarism, 
this symptom is associated with general weakness and fatigue, a pale 
complexion, loss of sexual function, and apathy.

Pituitary carcinoma: Cancers, or true malignancies of the tissue 
of the pituitary gland, are very rare. Instead, a pituitary carcinoma 
is usually defined as a tumor that begins in the pituitary gland and 
then metastasizes, or spreads, within the brain or outside the central 
nervous system. These tumors are generally macroadenomas which 
are resistant to therapy, recur locally and ultimately metastasize to 
the spinal canal or other organs of the body. The majority of pituitary 
carcinomas are functional tumors, secreting prolactin or ACTH.

Treatment

Treatment of a pituitary tumor depends on the hormonal activity 
of the tumor, the size and location of the tumor, as well as the age and 
overall health of the person with the tumor. The goals of treatment 
may be to remove the tumor, to reduce or control tumor size, and to 
re-balance hormone levels.

Surgery: If your doctor recommends surgery, the goal will be to re-
move as much tumor as possible. A transsphenoidal approach—literally 
meaning across the sphenoid sinus—is the most common. During this 
surgery, extremely small instruments, microscopes and endoscopes are 
used to remove the tumor from within the nose (endonasal) or under 

done, during which a portion of the skull bone is temporarily removed 
to gain access to the pituitary gland. Some surgeons use endoscopes 
(a long, thin tube-like instrument) to reach the tumor.

Your neurosurgeon will speak with you about the surgery planned 
for your tumor, the risks and benefits of the procedure, and your follow-
up care. The American Brain Tumor Association offers a free pub-
lication, titled Surgery, which explains the different surgical tools 
available, how procedures are planned, and questions to ask your 
physician about the procedure recommended for you. If you would like 
a copy, please call 800-886-2282.

Radiation therapy or radiosurgery: Radiation therapy is often 
used as a second, or adjuvant, treatment for pituitary tumors. It may 
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be given in addition to surgery or drug therapy, Radiation therapy 
may be used to treat tumors that have regrown, or it may be used for 
aggressive tumors. The goal of radiation therapy for pituitary tumors 
is to reduce or control tumor size; however, it may take several months 
or longer before the effects of this treatment cause a change in your 
hormone levels or your MRI scan. There are several different types of 
radiation therapy; your doctor will decide which is best for your tumor. 
Conventional external beam radiation is standard radiation given five 
days a week for five or six weeks. Stereotactic radiosurgery is focused 
radiation therapy.

-
berKnife, and proton beam radiation are all forms of stereotactic 
radiosurgery. Conformal photon radiation, also known as intensity-
modulated radiation therapy, shapes radiation beams to the contours 
of the tumor. If your doctor thinks your tumor would be best treated 
with radiation, he or she can initiate an appropriate referral, and can 
speak with you about the type of therapy suggested and the effects of 
that particular treatment.

Drug therapy: There are several drugs used to treat pituitary 
tumors. The drug chosen will depend on the hormone functions of the 
tumor.

Dopamine agonists, such as bromocriptine (Parlodel) or cabergoline, 
are used to control the production of prolactin. The drugs reduce tumor 
size by reducing the amount of prolactin made by the pituitary gland. 
Most people with prolactin-secreting tumors require long-term therapy 
to control the size of their tumor; generally, if the medication is stopped 
prolactin levels begin to increase. In a small percent of people with 
very small tumors, treatment may be stopped after a year or so to see 
if the tumor regrows. Those with very high prolactin levels may find 
that drug therapy decreases their hormone levels but does not relieve 
all of their symptoms. In these situations, the drug successfully lowers 
the prolactin level but the level may still be higher than normal, thus 
causing symptoms.

Somatostatin analogues such as octreotide (Sandostatin or San-

relieve the associated symptoms. These drugs may also be used to 
control the production of thyroid-stimulating hormone in thyrotrophic 
tumors. Dopamine agonists, such as those listed, can be given to treat 
growth-hormone secreting tumors, but their effect is primarily relief 
of symptoms rather than reduction of hormone levels to normal.

A growth hormone receptor antagonist drug called pegvisomant is 
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levels in people with acromegaly, but is not yet in general use. New 
drugs are being tested in research studies called clinical trials; infor-
mation about those trials can be found through your endocrinologist.

Ketoconazole (Nizoral) is used to treat ACTH secreting tumors that 
produce Cushing disease. This drug lowers cortisol (natural steroid) 
production, but generally does not reduce the size of the tumor or in-
hibit its activity, and is not suitable for long-term treatment.

Follow-Up Care

Once you recover from surgery or radiation therapy, or begin medi-
cal treatment, your doctors will determine a schedule for follow-up 
MRI scans and endocrine testing. These are used to monitor the ef-
fectiveness of therapy, assure normal hormonal balance, and watch for 
possible tumor re-growth.

Many people with pituitary tumors are followed regularly by an 
endocrinologist—a physician specially trained in the treatment of dis-
orders of the hormone-producing glands. Hormone imbalances can be 
caused by the tumor itself, or may result from the treatment necessary 
to control the tumor. The endocrinologist will monitor your hormone 
blood levels, outline a treatment plan, and make drug adjustments 
when needed. The endocrinologist becomes an active member of your 
health care team, working closely with your neurosurgeon and your 
primary care physician.

Although pituitary tumors are almost always benign, they can re-
cur, and therefore periodic follow-up MRI scans are necessary. Your 
doctor will tell you how often those scans should be done. If you do 
not know when your next MRI should be scheduled, call your doctor’s 
office to ask.
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A childhood brain or spinal cord tumor is a disease in which ab-
normal cells form in the tissues of the brain or spinal cord. There are 
many types of childhood brain and spinal cord tumors. The tumors 
are formed by the abnormal growth of cells and may begin in different 
areas of the brain or spinal cord. Tumors may be benign (noncancer-
ous) or malignant (cancerous).

Brain and spinal cord tumors are a common type of childhood can-
cer. Although cancer is rare in children, brain and spinal cord tumors 
are the third most common type of childhood cancer, after leukemia and 
lymphoma. Brain tumors can occur in both children and adults. Treat-
ment for children is usually different than treatment for adults.

Types of Childhood Brain Tumors

There are different types of childhood brain tumors. Childhood 
brain tumors are named based on the type of cell they formed in and 
where the tumor first formed in the central nervous system (CNS).

Astrocytomas: Childhood astrocytomas are tumors that form in 
cells called astrocytes. They can be low-grade or high-grade tumors. 
The grade of the tumor describes how abnormal the cancer cells look 

Chapter 41
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This chapter is excerpted from “Childhood Brain and Spinal Cord Tumors 
Treatment Overview (PDQ®): Patient Version.” PDQ® Cancer Information Sum-

-
able at: http://www.cancer.gov. Accessed January 7, 2010.



456

Brain Disorders Sourcebook, Third Edition

under a microscope and how quickly the tumor is likely to grow and 
spread. High-grade astrocytomas are fast-growing, malignant tumors. 

to be malignant.

Atypical teratoid/rhabdoid tumor: Childhood atypical tera-
toid/rhabdoid tumors are fast-growing tumors that often form in the 
cerebellum. They may also form in other parts of the brain and in the 
spinal cord.

Brain stem glioma: Childhood brain stem gliomas form in the 
brain stem (the part of the brain connected to the spinal cord).

Central nervous system (CNS) embryonal tumor: Childhood CNS 
embryonal tumors form in brain and spinal cord cells when the fetus is 
beginning to develop. They include the following types of tumors:

CNS germ cell tumor: Childhood CNS germ cell tumors form in 
germ cells, which are cells that develop into sperm or ova (eggs). There 
are different types of childhood germ cell tumors. These include germi-
nomas, embryonal yolk sac carcinomas, choriocarcinomas, and terato-
mas. A mixed germ cell tumor has two types of germ cell tumors in it. 

the pineal gland. The pineal gland is a tiny organ in the brain that 
makes melatonin, which is a substance that helps control the sleeping 

brain and spinal cord.

Craniopharyngioma: Childhood craniopharyngiomas are tumors 
that usually form just above the pituitary gland. The pituitary gland 
is found in the center of the brain behind the back of the nose. It is 
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about the size of a pea and controls many important body functions 
including growth. Craniopharyngiomas rarely spread, but may affect 
important areas of the brain, such as the pituitary gland.

Ependymoma: Childhood ependymomas are slow-growing tumors 
formed in cells that line the fluid-filled spaces in the brain and spinal 
cord.

Medulloblastoma: Childhood medulloblastomas form in the cer-
ebellum.

Supratentorial primitive neuroectodermal tumor: Childhood 
supratentorial primitive neuroectodermal tumors (SPNET) form in 
immature cells in the cerebrum.

Cause and Symptoms

The cause of most childhood brain tumors is unknown. The symp-
toms of childhood brain and spinal cord tumors are not the same in 
every child. Headaches and other symptoms may be caused by child-
hood brain tumors. Other conditions may cause the same symptoms. 
A doctor should be consulted if any of the following problems occur:

In addition to these symptoms of brain tumors, some children are 
unable to reach certain growth and development milestones such as 
sitting up, walking, and talking in sentences.

Diagnosis

Tests that examine the brain are used to detect (find) childhood 
brain tumors. The following tests and procedures may be used:
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Physical exam and history: An exam of the body to check general 
signs of health, including checking for signs of disease, such as lumps 
or anything else that seems unusual. A history of the patient’s health 
habits and past illnesses and treatments will also be taken.

Neurological exam: A series of questions and tests to check the 
brain, spinal cord, and nerve function. The exam checks a person’s 
mental status, coordination, and ability to walk normally, and how 
well the muscles, senses, and reflexes work. This may also be called a 
neuro exam or a neurologic exam.

Serum tumor marker test: A procedure in which a sample of 
blood is examined to measure the amounts of certain substances re-
leased into the blood by organs, tissues, or tumor cells in the body. 
Certain substances are linked to specific types of cancer when found 
in increased levels in the blood. These are called tumor markers.

MRI (magnetic resonance imaging) with gadolinium: A proce-
dure that uses a magnet, radio waves, and a computer to make a series 
of detailed pictures of the brain and spinal cord. A substance called 
gadolinium is injected into a vein. The gadolinium collects around the 
cancer cells so they show up brighter in the picture. This procedure is 
also called nuclear magnetic resonance imaging (NMRI).

CT scan (CAT scan): A procedure that makes a series of detailed 
pictures of areas inside the body, taken from different angles. The pic-
tures are made by a computer linked to an x-ray machine. A dye may 
be injected into a vein or swallowed to help the organs or tissues show 
up more clearly. This procedure is also called computed tomography, 
computerized tomography, or computerized axial tomography.

Angiogram: A procedure to look at blood vessels and the flow of 
blood in the brain. A contrast dye is injected into the blood vessel. As 
the contrast dye moves through the blood vessel, x-rays are taken to 
see if there are any blockages.

PET scan (positron emission tomography scan): A procedure 
to find malignant tumor cells in the body. A small amount of radioactive 
glucose (sugar) is injected into a vein. The PET scanner rotates around 
the body and makes a picture of where glucose is being used in the 
body. Malignant tumor cells show up brighter in the picture because 
they are more active and take up more glucose than normal cells do.
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Most childhood brain tumors are diagnosed and removed 
in surgery: If doctors think there might be a brain tumor, a biopsy 
may be done to remove a sample of tissue. For tumors in the brain, 
the biopsy is done by removing part of the skull and using a needle 
to remove a sample of tissue. A pathologist views the tissue under a 
microscope to look for cancer cells. If cancer cells are found, the doctor 
may remove as much tumor as safely possible during the same surgery. 
The pathologist checks the cancer cells to find out the type and grade 
of brain tumor. The grade of the tumor is based on how abnormal the 
cancer cells look under a microscope and how quickly the tumor is 
likely to grow and spread.

The following tests may be done on the sample of tissue that is 
removed:

substance such as an antibody, dye, or radioisotope is added to 
a sample of cancer tissue to test for certain antigens. This type 
of study is used to tell the difference between different types of 
cancer.

in a sample of tissue are viewed under regular and high-powered 
microscopes to look for certain changes in the cells.

of tissue are viewed under a microscope to look for certain chang-
es in the chromosomes.

Some childhood brain and spinal cord tumors are diagnosed by 
imaging tests. Sometimes a biopsy or surgery cannot be done safely 
because of where the tumor formed in the brain or spinal cord. These 
tumors are diagnosed based on the results of imaging tests and other 
procedures.

Prognosis: Certain factors affect prognosis (chance of recovery). 
The prognosis (chance of recovery) depends on the whether there are 
any cancer cells left after surgery; the type of tumor; the location of the 
tumor; the child’s age; and whether the tumor has just been diagnosed 
or has recurred (come back).

Stages of Childhood Brain and Spinal Cord Tumors

In childhood brain tumors, treatment options are based on several 
factors. Staging is the process used to find how much cancer there is 
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and if cancer has spread within the brain, spinal cord, or to other parts 
of the body. It is important to know the stage in order to plan cancer 
treatment. In childhood brain tumors, there is no standard staging 
system. Instead, the plan for cancer treatment depends on several fac-
tors including: the type of tumor and where the tumor formed in the 
brain, whether the tumor is newly diagnosed or recurrent, the grade 
of the tumor, and the tumor risk group.

The information from tests and procedures done to detect (find) 
childhood brain tumors is used to determine the tumor risk group. 
After the tumor is removed in surgery, some of the tests used to detect 
childhood brain and spinal cord tumors are repeated to help determine 
the tumor risk group. This is to find out how much tumor remains after 
surgery. Other tests and procedures may be done to find out if cancer 
has spread include lumbar puncture, bone scan, chest x-ray, and bone 
marrow aspiration.

The three ways that cancer spreads in the body are through 
tissue, the lymph system, and the blood. When cancer cells break away 
from the primary (original) tumor and travel through the lymph or 
blood to other places in the body, another (secondary) tumor may form. 
This process is called metastasis. The secondary (metastatic) tumor is 
the same type of cancer as the primary tumor. For example, if breast 
cancer spreads to the bones, the cancer cells in the bones are actually 
breast cancer cells. The disease is metastatic breast cancer, not bone 
cancer.

Recurrent Childhood Brain Tumors

A recurrent childhood brain tumor is one that has recurred (come 
back) after it has been treated. Childhood brain tumors may come 
back in the same place or in another part of the brain. Sometimes they 
may come back in another part of the body. The tumor may come back 
many years after first being treated. Diagnostic and staging tests and 
procedures, including biopsy, may be done to confirm the tumor has 
recurred.

Treatment Option Overview

Different types of treatment are available for children with brain 
tumors. Some treatments are standard (the currently used treatment), 
and some are being tested in clinical trials. A treatment clinical trial is 
a research study meant to help improve current treatments or obtain 
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information on new treatments for patients with cancer. When clinical 
trials show that a new treatment is better than the standard treatment, 
the new treatment may become the standard treatment. Because cancer 
in children is rare, taking part in a clinical trial should be considered. 
Clinical trials are taking place in many parts of the country. Some clini-
cal trials are open only to patients who have not started treatment.

Children with brain tumors should have their treatment planned by 
a team of health care providers who are experts in treating childhood 
brain and spinal cord tumors. Treatment will be overseen by a pediatric 
oncologist, a doctor who specializes in treating children with cancer. 
The pediatric oncologist works with other health care providers who 
are experts in treating children with brain tumors and who specialize 
in certain areas of medicine.

Symptoms caused by treatment may begin during or right after 
treatment. Some cancer treatments cause side effects months or years 

of cancer treatment may include physical problems; changes in mood, 
feelings, thinking, learning, or memory; and second cancers (new types 
of cancer). Some late effects may be treated or controlled. It is impor-
tant to talk with your child’s doctors about the effects cancer treatment 
can have on your child.

Three types of standard treatment are surgery, radiation therapy, 
and chemotherapy. New types of treatment are being tested in clinical 
trials. One of these is high-dose chemotherapy with stem cell trans-
plant which is a way of giving high doses of chemotherapy and replac-
ing blood-forming cells destroyed by cancer treatment.

Clinical trial: Patients may want to think about taking part in a 
clinical trial. For some patients, taking part in a clinical trial may be 
the best treatment choice. Clinical trials are part of the cancer research 
process. Clinical trials are done to find out if new cancer treatments 
are safe and effective or better than the standard treatment. Many of 
today’s standard treatments for cancer are based on earlier clinical tri-
als. Patients who take part in a clinical trial may receive the standard 
treatment or be among the first to receive a new treatment. Patients 
who take part in clinical trials also help improve the way cancer will 
be treated in the future. Even when clinical trials do not lead to effec-
tive new treatments, they often answer important questions and help 
move research forward.

Patients can enter clinical trials before, during, or after starting their 
cancer treatment. Some clinical trials only include patients who have 
not yet received treatment. Other trials test treatments for patients 
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whose cancer has not gotten better. There are also clinical trials that 
test new ways to stop cancer from recurring (coming back) or reduce the 
side effects of cancer treatment.

Clinical trials are taking place in many parts of the country.

Follow-up care: Some of the tests that were done to diagnose the 
cancer or to find out the stage of the cancer may be repeated. Some 
tests will be repeated in order to see how well the treatment is work-
ing. Decisions about whether to continue, change, or stop treatment 
may be based on the results of these tests. This is sometimes called 
re-staging.

Some of the tests will continue to be done from time to time after 
treatment has ended. The results of these tests can show if your condi-
tion has changed or if the cancer has recurred (come back). These tests 
are sometimes called follow-up tests or check-ups.
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Section 42.1

Managing Fatigue
“Conquering Fatigue,” © 2008 American Brain Tumor Association 

(www.abta.org). Reprinted with permission.

When you have a brain tumor, the words “I’m tired” have a profound 
meaning. Your fatigue may be unlike anything you’ve ever experienced. 
You may rest and sleep for a significant period of time and yet still feel 
exhausted. You actually may feel worse after a nap or night’s rest. In 
fact, the exhaustion may be so persistent that it interferes with your 
ability to adequately function, affecting your quality of life and perhaps 
that of your family.

Fortunately, fatigue has come to the forefront of brain tumor treat-
ment. It is a symptom that can be managed. By working with your 
doctor and healthcare team to identify how the fatigue is affecting you 
and its potential cause or causes, and by following important steps to 
help you conserve and improve energy, you may be able to minimize 
your fatigue and more effectively adapt to your new abilities.

Determine How the Fatigue Affects You

A brain tumor and related treatment can cause physical, mental, 
and social exhaustion.

-
ance. You may have energy but not strength, or strength but 
not stamina. You may feel strong in the morning, but lose ener-
gy as the day continues. This physical exhaustion may occur in 
addition to other physical changes or limitations caused by the 
brain tumor.

out noise and distraction. In addition, you may feel easily over-
whelmed or have difficulty making decisions. As all of these chal-
lenges directly affect your ability to solve problems, set goals, 
and accomplish tasks on your own terms. Fatigue can also be 
extremely frustrating, causing irritability and impatience.
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While family relationships and roles often change after a brain 
tumor diagnosis, social fatigue may cause you to avoid friends for 
fear of not having enough energy to fully participate in an outing
or event, or cause concern about not finding the right word dur-
ing a conversation. In these situations, you may find it easier to 
avoid social contact and communication altogether. That solution 
can be isolating.

Identify the Possible Causes of Your Fatigue

It’s critical to review all possible causes of fatigue with your doctor 
and health care team, including:

The brain tumor itself can cause physical and mental fatigue, 
which may or may not diminish over time.

Related treatment—surgery, radiation, chemotherapy, ster-
oids, and other cancer-related drugs (especially those with sedative 
properties)—all may cause or exacerbate your exhaustion. With radia-
tion, the fatigue may build then slowly diminish. In contrast, exhaus-
tion from chemotherapy often comes and goes, and is more consistent. 
In addition, chemotherapy may exacerbate or cause mental exhaustion 
affecting your memory, and ability to focus and solve problems. Some 
chemotherapy can cause a drop in red blood cell counts (anemia) which 
also causes fatigue. A drop in white cell counts can cause infection, 
which can also be linked to fatigue.

Other conditions—such as diabetes, heart disease, or respira-
tory issues—also may cause fatigue. It’s not unusual for patients and 
medical staff to focus so intently on the cancer that they inadvertently 
overlook the treatment of other conditions. Other possible causes of 
fatigue can include dehydration, especially in warmer months; and a 
hormone or electrolyte imbalance either from a nutritional deficiency 
or medication. A lack of exercise and mobility or prolonged bed rest 
also may cause or contribute to profound fatigue, as can sleep disrup-
tion caused by medication or changes in melatonin.

Medications, or medication interactions, may cause or con-
tribute to your fatigue. Check with your pharmacist to review your 
prescriptions; a lower dosage or alternative medication may reduce 
fatigue.
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Depression is sometimes blamed for mental fatigue. If you experi-
ence ongoing feelings of hopelessness, shame, anxiety, and guilt, you 
indeed may be depressed. In addition, a profound loss of motivation or 
interest in activities that used to bring you joy—gardening, spending 
time with grandchildren, and so forth—are red flags for depression 
and signal the need for a formal evaluation. Call your doctor, nurse, 
or social worker for resources to manage depression.

Suggestions for Conquering Fatigue

Conserve energy: If you are frequently exhausted, you may find 
yourself trying to do everything during the days or times when have 
energy. Instead, try to optimize, conserve, and plan your energy use. A 
daily journal can help you determine your energy pattern. During low-
energy periods, ask for help from neighbors and friends, and only focus on 
completing tasks and activities that are truly a personal priority. During 
high-energy periods, choose one or two activities—don’t try to do it all.

Get enough sleep: When possible, maintain a regular sleep sched-
ule: go to bed and wake up at approximately the same time every day. 
Exercising, avoiding caffeine and alcohol, and keeping stress and dis-
tractions out of the bedroom, can also improve your sleep patterns and 
limit fatigue.

Keep moving: Exercise or keep moving whenever it is physically 
possible for you to do so. Choose activities that are easy for you, such 
as walking, swimming, seated yoga, or other low-impact exercises. Even 
sitting and lifting weights along with a television exercise program 
can be beneficial.

Know your limitations: To optimally manage your fatigue you 
need to acknowledge your physical and emotional limitations. Develop 
an exercise routine that reflects your new physical abilities. For ex-
ample, if you easily become dizzy or weak, do not exercise in a place or 
on an apparatus where you could easily fall. Choose group activities 
so someone will always be around for safety and socialization. If your 
energy levels are unpredictable, choose to associate with friends and 
family members who are flexible and willing to put your needs first.

Rethink expectations: To make the most of your new energy level, 
you will need to rethink your goals. Initially you may need to mourn 
the loss of your former self and adjust to your new normal. There may 
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be days, months and weeks when you feel like you have no purpose. 
During these times, take a break and do something that you enjoy: 
Sit by the pool, work in your garden, or water your flowers. Continue 
your pursuit of enjoyment and leisure.

Use nature to restore energy: Nature can be the simplest, most 
effective way to restore energy. As often as possible, go outside to ex-
plore and tap into the fascination and restorative powers of nature.

Section 42.2

Cognitive Changes
“Cognitive Retraining,” © 2006 American Brain Tumor Association 

(www.abta.org). Reprinted with permission.

Becoming Well through Cognitive Retraining

When we use the word cognitive, we mean our thinking, reason-
ing, and perceptual abilities. Cognitive rehabilitation has two parts: 
restoring the actual cognitive skill and learning to use strategies to 
compensate for the impaired ability.

The first part of cognitive retraining—restoring skills—is some-
times compared to rebuilding a weakened muscle. Exercises used in 
retraining programs may actually rebuild cognitive skills such as at-
tention, concentration, memory, organization, perception, judgment, 
and problem solving. These exercises can include computer programs 
designed to improve visual-perceptual skills (our ability to correctly 
interpret what we see), reaction time, memory, and attention. A large 
chalk board or a practice grocery store shelf can be used to practice 
visual scanning and visual attention skills. Workbooks and puzzle 
books can help with reasoning, mathematical skills, memory, and 
visual-perceptual skills. These items can be found at teachers’ stores or 
large discount stores such as K-Mart or Wal-Mart. It is important that 
the materials selected are neither too difficult nor too easy. Strategic 

cognitive skills while interacting with others.
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The therapy setting itself offers many opportunities to practice 
cognitive skills. Therapists can develop personalized tasks that require 
thinking on your feet and more closely simulate your real life situa-
tions. For example, for those who prepare meals, therapy may include 
using the program facility’s kitchen to practice following a simple 
recipe or to plan, in sequence, a more complex meal.

For those whose jobs require organizational skills, the therapist 
may suggest using a checklist format to complete complex tasks or 
using the copy machine to practice planning skills and problem solv-
ing skills. One of our favorite activities involves patients organizing 
and ordering lunch from a local restaurant. This works on the skills 
required making and following a plan of action, the ability to keep 
track of details, and staying focused on a cognitive task. Another good 
way to work on memory is to ask the patient to relay a message, later 
in the day, to another therapist.

These are just a small sample of the activities and exercises avail-
able to rebuild cognitive skills. Working with a therapist allows se-
lected tasks to be supervised and tailored to each patient’s needs, 
strengths, and functional levels.

The second component of cognitive retraining is learning to use 
strategies, compensatory techniques, or tools to cope with weaker ar-
eas. Strategies are designed for each patient using his or her areas of 

tools not only compensates for impaired ability, but may help to rebuild 
the skill itself. For example, using a checklist may actually improve 
attention skills. The following strategies are some of the other tools 
we find helpful for our patients.

Memory strategies: Take written notes and make certain that notes 
contain accurate, complete information. Including who, what, where, 
when, and why, helps to ensure that notes have all the critical data. 

system to keep track of all information. It is too complicated to try and 

or weekly pill box to keep track of medication. Arrange items in an orga-
nized fashion and place them in strategic, easy-to-see locations. Consider 
using a tape recorder to record lengthy and important conversations.

Attention strategies: Organizing your environment will help you 
-

ample, ask yourself “Am I wandering?” or “What should I be doing right 
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now?” To improve your attention while listening to someone, make 
constant eye contact with the speaker, ask the speaker to slow down, 
request clarification or repetition, take notes, and ask the speaker to 
provide the information in an alternate way—such as in writing or 
with pictures. Make a checklist for lengthy tasks and check off each 
item as it is completed. Be sure to double check all work. Avoid fatigue: 
when activities start to become overwhelming or frustrating, stop and 
take a mental break. Reduce distractions as much as possible, turn off 
the radio or television, or close the door.

Problem solving strategies:
situation, and then list the pros and cons before deciding upon the best 
option. Ask yourself, “What else could I do?” and consider asking for 
someone else’s opinion. Review the steps needed to solve the problem. 
Evaluate the success of the outcome.

Organization strategies: Make a checklist. If a task is large or 
complex break it down into smaller parts and make a checklist for each 
part. Make a verbal or written pre-plan. Prepare the work area with 
necessary materials. Eliminate clutter. Spend time making a daily plan 
using your planner system. Most people like to plan their day early 
in the morning when things tend to be quiet. Remember to prioritize 
tasks and pace yourself. Plan to work on more demanding tasks when 
your energy level is highest. Make and use to-do lists.

Strategies for impulsiveness:
the time to think through tasks. Complete one task before beginning 
another, and use your checklist. Pause and think before acting (count 
to five or ten). If you become confused by a task, take a time-out before 
you become frustrated.

An important part of therapy is training and education of care-
givers. It is important that those who spend the most time with the 
patient understand these cognitive strategies and encourage their 
use. Consistent practice of learned strategies is critical to becoming 
proficient in their use. Patience is the key word. It takes time for the 
brain to heal, and it takes time to learn new ways to do familiar things. 
The results are worth the effort.

If you are interested in learning more, speak with your doctor. He 
or she can make a referral to a rehabilitation facility offering these 
programs, or refer you to an individual practitioner in your area.
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Section 42.3

Returning to Work
“Returning to Work,” © 2009 American Brain Tumor Association 

(www.abta.org). Reprinted with permission.

Due to innovations in surgery, new chemotherapies, and localized 
radiation techniques, more and more brain tumor survivors are choos-
ing to work during treatment, or return to work soon after. While 
working with a brain tumor can present its share of challenges, there 
are strategies that may help you maintain your productivity.

Depending on the location or type of brain tumor, different skills 
and functions may change. Therefore, it is important that you take an 
honest inventory of your ability to do the following:

1. Remember information.

2. Organize, multi-task, and problem-solve.

3. Make decisions.

4. Focus on details.

5. Function and process information.

If difficulties with some of these functions are affecting you or your 
loved ones work productivity, the following tips may help:

1. Keep work-related goals realistic and reflective of any changes 
you may be experiencing in terms of memory, attention, judg-
ment, organization, and processing speed. Revisit your goals 
often to make sure they are feasible and manageable.

2. Seek out professional help from a social worker, career coun-
selor, or neuropsychologist. A neuropsychologist can perform 
testing to help determine if there are limitations in these ar-
eas. He or she can also provide compensation strategies which 
can help you to stay organized and work more efficiently.

3. Consider vocational rehabilitation services. Vocational ser-
vices can be a great resource for help with a job search, resume 
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writing, career exploration, skills assessment, and career coun-
seling. For more information, contact the Department of Reha-
bilitation Services in your state.

you can adapt to changes and cope with work productivity is-
sues. Networking with others through in-person, telephone, and 
online support groups can provide rich information and won-
derful support.

5. Reduce stress levels. Try exercise (even mild exercise will 
help), get enough sleep, learn meditation, or use deep breath-
ing, or other various stress management techniques. If you are 
less stressed out at work, you will perform better.

6. Try slowing down, which can help to reduce errors on the job. 
Think things through one step at a time. Take your time. Try 
not to multi-task until you can successfully manage one task 
at a time.

7. If you feel comfortable disclosing your personal health care 
information, discuss your needs with your supervisor and co-
workers. Also, consider requesting reasonable accommodations 
for your work environment.

8. Be informed. Know your rights as an employee and what you 
are entitled to, but make sure to be very cautious especially in 
the current economic environment.

9. Do something you enjoy to help improve your mood. Try a 
recreational activity or hobby to help boost your energy and 
self-esteem. If you feel better about yourself, you will perform 
better.

10. Talk with your doctor about any changes in your mood or at-
tention span to see if there are any medications or additional 
resources that may be of help to you.

Most of all, it is important to remain optimistic. Through your own 
efforts, you can adapt to many of the work-related challenges you may 
experience. Just remember, to be patient and realistic of what you can 
expect from yourself.
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Section 43.1

Dementia Types, 
Causes, and Treatments

Text in this section is excerpted from “Dementia: Hope through 
Research,” National Institute of Neurological Disorders and Stroke 

(NINDS), updated February 12, 2010.

Dementia is not a specific disease. It is a descriptive term for a 
collection of symptoms that can be caused by a number of disorders 
that affect the brain. People with dementia have significantly im-
paired intellectual functioning that interferes with normal activities 
and relationships. They also lose their ability to solve problems and 
maintain emotional control, and they may experience personality 
changes and behavioral problems such as agitation, delusions, and 
hallucinations. While memory loss is a common symptom of demen-
tia, memory loss by itself does not mean that a person has dementia. 
Doctors diagnose dementia only if two or more brain functions—such 
as memory, language skills, perception, or cognitive skills including 
reasoning and judgment—are significantly impaired without loss of 
consciousness.

There are many disorders that can cause dementia. Some, such as 
Alzheimer disease (AD), lead to a progressive loss of mental functions. 
But other types of dementia can be halted or reversed with appropri-
ate treatment. With AD and many other types of dementia, disease 
processes cause many nerve cells to stop functioning, lose connections 
with other neurons, and die. In contrast, normal aging does not result 
in the loss of large numbers of neurons in the brain.

Different Kinds of Dementia

Dementing disorders can be classified many different ways. These 
classification schemes attempt to group disorders that have particular 
features in common, such as whether they are progressive or what 
parts of the brain are affected. Some frequently used classifications 
include the following:
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Cortical dementia: The brain damage primarily affects the brain’s 
cortex, or outer layer. Cortical dementias tend to cause problems with 
memory, language, thinking, and social behavior.

Subcortical dementia: Affects parts of the brain below the cortex. 
Subcortical dementia tends to cause changes in emotions and move-
ment in addition to problems with memory.

Progressive dementia: Gets worse over time, gradually interfer-
ing with more and more cognitive abilities.

Primary dementia: Dementia such as AD that does not result 
from any other disease.

Secondary dementia: Occurs as a result of a physical disease or 
injury.

Some types of dementia fit into more than one of these classifica-
tions. For example, AD is considered both a progressive and a cortical 
dementia.

Alzheimer disease is the most common cause of dementia in 
people aged 65 and older.

Vascular dementia is the second most common cause of demen-
tia, after AD. It accounts for up to 20% of all dementias and is caused 
by brain damage from cerebrovascular or cardiovascular problems—
usually strokes.

Lewy body dementia (LBD) is one of the most common types of 
progressive dementia. LBD usually occurs sporadically, in people with 
no known family history of the disease.

Frontotemporal dementia (FTD), sometimes called frontal lobe 
dementia, describes a group of diseases characterized by degeneration of 
nerve cells—especially those in the frontal and temporal lobes of the brain. 
Experts believe FTD accounts for 2–10% of all cases of dementia.

Other conditions that can cause dementia include reactions to 
medications, metabolic problems and endocrine abnormalities, nutri-
tional deficiencies, infections, subdural hematomas, poisoning, brain 
tumors, anoxia, and heart and lung problems.
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Causes of Dementia

All forms of dementia result from the death of nerve cells and/or the 
loss of communication among these cells. The human brain is a very 
complex and intricate machine and many factors can interfere with 
its functioning. Researchers have uncovered many of these factors, but 
they have not yet been able to fit these puzzle pieces together in order 
to form a complete picture of how dementias develop.

Many types of dementia, including AD, Lewy body dementia, Parkin-
son dementia, and Pick disease, are characterized by abnormal structures 
called inclusions in the brain. Because these inclusions, which contain 
abnormal proteins, are so common in people with dementia, researchers 
suspect that they play a role in the development of symptoms. However, 
that role is unknown, and in some cases the inclusions may simply be a 
side effect of the disease process that leads to the dementia.

Genes clearly play a role in the development of some kinds of de-
mentia. However, in AD and many other disorders, the dementia usu-
ally cannot be tied to a single abnormal gene. Instead, these forms of 
dementia appear to result from a complex interaction of genes, lifestyle 
factors, and other environmental influences.

Treatment

While treatments to reverse or halt disease progression are not 
available for most of the dementias, patients can benefit to some extent 
from treatment with available medications and other measures, such 
as cognitive training.

Drugs to specifically treat AD and some other progressive demen-
tias are now available and are prescribed for many patients. Although 
these drugs do not halt the disease or reverse existing brain damage, 
they can improve symptoms and slow the progression of the disease. 
This may improve the patient’s quality of life, ease the burden on care-
givers, and delay admission to a nursing home. Many researchers are 
also examining whether these drugs may be useful for treating other 
types of dementia.

Many people with dementia, particularly those in the early stages, 
may benefit from practicing tasks designed to improve performance 
in specific aspects of cognitive functioning. For example, people can 
sometimes be taught to use memory aids, such as mnemonics, com-
puterized recall devices, or note taking.

Behavior modification—rewarding appropriate or positive behavior 
and ignoring inappropriate behavior—also may help control unaccept-
able or dangerous behaviors.
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Section 43.2

Alzheimer Disease
Excerpted from “Alzheimer’s Disease Fact Sheet,” National Institute on 

Aging (NIA), NIH Publication No. 08–6423, updated September 19, 2009.

Alzheimer disease (AD) is an irreversible, progressive brain disease 
that slowly destroys memory and thinking skills, and eventually even 
the ability to carry out the simplest tasks. In most people with AD, 
symptoms first appear after age 60. AD is the most common cause 
of dementia among older people. Dementia is the loss of cognitive 
functioning—thinking, remembering, and reasoning—to such an extent 
that it interferes with a person’s daily life and activities. According to 
recent estimates, as many as 2.4 to 4.5 million Americans are living 
with AD.

Changes in the Brain in AD

Although we still don’t know what starts the AD process, we do 
know that damage to the brain begins as many as 10–20 years before 
any problems are evident. Tangles begin to develop deep in the brain, 
in an area called the entorhinal cortex, and plaques form in other ar-
eas. As more and more plaques and tangles form in particular brain 
areas, healthy neurons begin to work less efficiently. Then, they lose 

Figure 43.1. Healthy Brain 
and Severe Alzheimer Disease
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their ability to function and communicate with each other, and even-
tually they die. This damaging process spreads to a nearby structure, 
called the hippocampus, which is essential in forming memories. As 
the death of neurons increases, affected brain regions begin to shrink. 
By the final stage of AD, damage is widespread and brain tissue has 
shrunk significantly.

Very Early Signs and Symptoms

Memory problems are one of the first signs of AD. Some people 
with memory problems have a condition called amnestic mild cogni-
tive impairment (MCI). People with this condition have more memory 
problems than normal for people their age, but their symptoms are 
not as severe as those with AD. More people with MCI, compared with 
those without MCI, go on to develop AD. Other changes may also signal 
the very early stages of AD. For example, recent research has found 
links between some movement difficulties and MCI. Researchers also 
have seen links between some problems with the sense of smell and 
cognitive problems.

Mild AD: As AD progresses, memory loss continues and changes 
in other cognitive abilities appear. Problems can include getting lost, 
trouble handling money and paying bills, repeating questions, taking 
longer to complete normal daily tasks, poor judgment, and mood and 
personality changes. People often are first diagnosed in this stage.

Moderate AD: In this stage, damage occurs in areas of the brain 
that control language, reasoning, sensory processing, and conscious 
thought. Memory loss and confusion increase, and people begin to have 
problems recognizing family and friends. They may be unable to learn 
new things, carry out tasks that involve multiple steps (such as getting 
dressed), or cope with new situations. They may have hallucinations, 
delusions, and paranoia, and may behave impulsively.

Severe AD: By the final stage, plaques and tangles have spread 
throughout the brain and brain tissue has shrunk significantly. People 
with severe AD cannot communicate and are completely dependent 
on others for their care. Near the end, the person may be in bed most 
or all of the time as the body shuts down.

Causes: Scientists don’t yet fully understand what causes AD, but 
it is clear that it develops because of a complex series of events that 
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Figure 43.2. As Alzheimer disease progresses, neurofibrillary tangles 
spread throughout the brain. Plaques also spread throughout the brain, start-
ing in the neocortex. By the final stage, damage is widespread and brain tissue 
has shrunk significantly.
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take place in the brain over a long period of time. It is likely that the 
causes include genetic, environmental, and lifestyle factors. Because 
people differ in their genetic make-up and lifestyle, the importance 
of these factors for preventing or delaying AD differs from person to 
person.

Scientists are conducting studies to learn more about plaques, 
tangles, and other features of AD. They can now visualize plaques by 
imaging the brains of living individuals. They are also exploring the 
very earliest steps in the disease process. Findings from these studies 
will help them understand the causes of AD.

One of the great mysteries of AD is why it largely strikes older 
adults. Research on how the brain changes normally with age is shed-
ding light on this question. For example, scientists are learning how 
age-related changes in the brain may harm neurons and contribute to 
AD damage. These age-related changes include inflammation and the 
production of unstable molecules called free radicals.

A nutritious diet, exercise, social engagement, and mentally stimu-
lating pursuits can all help people stay healthy. New research suggests 
the possibility that these factors also might help to reduce the risk of 
cognitive decline and AD.

Early diagnosis is beneficial for several reasons. Having an early 
diagnosis and starting treatment in the early stages of the disease can 
help preserve function for months to years, even though the underlying 
AD process cannot be changed. Having an early diagnosis also helps 
families plan for the future, make living arrangements, take care of 
financial and legal matters, and develop support networks. In addi-
tion, an early diagnosis can provide greater opportunities for people 
to get involved in clinical trials. In a clinical trial, scientists test drugs 
or treatments to see which are most effective and for whom they work 
best.

AD is a complex disease, and no single magic bullet is likely to pre-
vent or cure it. That’s why current treatments focus on several different 
aspects including: helping people maintain mental function; managing 
behavioral symptoms; and slowing, delaying, or preventing AD.

Helping People with AD Maintain Mental Function

Four medications are approved by the U.S. Food and Drug Admin-
istration to treat AD. Donepezil (Aricept®), rivastigmine (Exelon®), 
and galantamine (Razadyne®) are used to treat mild to moderate AD 
(donepezil can be used for severe AD as well). Memantine (Namenda®) 
is used to treat moderate to severe AD. These drugs may help maintain 
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thinking, memory, and speaking skills, and help with certain behav-
ioral problems. However, these drugs don’t change the underlying 
disease process and may help only for a few months to a few years.

Slowing, Delaying, or Preventing AD

AD research has developed to a point where scientists can look 
beyond treating symptoms to think about addressing the underlying 
disease process. In ongoing AD clinical trials, scientists are looking 
at many possible interventions, such as cardiovascular treatments, 
antioxidants, immunization therapy, cognitive training, and physical 
activity.

Supporting Families and Caregivers

Caring for a person with AD can have high physical, emotional, and 
financial costs. The demands of day-to-day care, changing family roles, 
and difficult decisions about placement in a care facility can be hard to 
handle. Researchers are learning a lot about AD caregiving, and stud-
ies are helping experts develop new ways to support caregivers.

Some AD caregivers have found that participating in an AD support 
group is a critical lifeline. These support groups allow caregivers to 
find respite, express concerns, share experiences, get tips, and receive 
emotional comfort. There are a growing number of groups for people 
in the early stage of AD and their families. Support networks can 
be especially valuable when caregivers face the difficult decision of 
whether and when to place a loved one in a nursing home.
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Section 43.3

Vascular Dementia
“Vascular Dementia,” is reprinted with permission of the Alzheimer’s 

Association. For additional information, call the Alzheimer’s Association 
toll-free helpline, 800-272-3900, or visit their website at www.alz.org. 

© 2009 Alzheimer’s Association. All rights reserved.

Vascular dementia is widely considered the second most common 
type of dementia. It develops when impaired blood flow to parts of the 
brain deprives cells of food and oxygen. The diagnosis may be clearest 
when symptoms appear soon after a single major stroke blocks a large 
blood vessel and disrupts the blood supply to a significant portion of 
the brain. This situation is sometimes called post-stroke dementia.

There is also a form in which a series of very small strokes, or 
infarcts, block small blood vessels. Individually, these strokes do not 
cause major symptoms, but over time their combined effect becomes 
noticeable. This type is referred to as vascular cognitive impairment 
(VCI) or multi-infarct dementia.

Symptoms of vascular dementia can vary, depending on the specific 
brain areas deprived of blood. Impairment may occur in steps, where 
there is a fairly sudden, noticeable change in function, rather than the 
slow, steady decline usually seen in Alzheimer disease.

The person may have a past history of heart attacks. High blood 
pressure, high cholesterol, hardening of the arteries, diabetes, or other 
risk factors for heart disease are often present.

Symptoms of Vascular Dementia

depending on whether brain regions important in memory are 
affected.

instructions.
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weakness, difficulty speaking, or confusion.

-
acteristic abnormalities associated with vascular damage.

Treatment of Vascular Dementia

Because vascular dementia is closely tied to diseases of the heart 
and blood vessels, many experts consider it the most potentially treat-
able form.

-
terol should begin early in life. Managing these risk factors, 
avoiding smoking and excess alcohol, and treating underlying 
diseases of the heart and blood vessels could play a major role 
in preventing later cognitive decline for many individuals. In 
some cases, active management of these factors in older adults 
who develop vascular dementia may help symptoms from getting 
worse.

approved by the U.S. Food and Drug Administration (FDA) to 
treat it.

heimer disease have also been shown to help individuals with 
vascular dementia to about the same extent they help those with 
Alzheimer. However, in March 2006, Eisai Co. Ltd., manufacturer 
of donepezil (Aricept), reported that in a clinical trial of done-
pezil for vascular dementia, a significantly greater number of 
deaths occurred in study participants receiving donepezil than 
in those taking the placebo.
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Section 43.4

Lewy Body Dementia
“An Introduction to Lewy Body Dementia,” © 2008 Lewy Body 

Dementia Association (www.lbda.org). Reprinted with permission.

You Are Not Alone

The word dementia is very frightening to everyone. Simply stated, it 
means “a decline in mental functions that affects daily living.” In Lewy 
body dementia (LBD), dementia is the primary symptom and a compo-
nent of the disease. When you live with dementia, you and those around 
you will have to adapt to your changing abilities. This section will help 
you understand your diagnosis and prepare for the changes ahead.

You don’t have to face Lewy body dementia alone. The Lewy Body 
Dementia Association is here to educate, assist, and support you and 
your family as you begin your journey with this unique form of de-
mentia. Since 2003, LBDA has grown to national recognition as a 
leader in LBD issues. You will find more in-depth information on the 
Lewy Body Dementia Association’s website at www.lbda.org, including: 
educational resources on LBD; medical research updates; discussion 
forums to exchange practical tips for living with LBD, to offer support, 
or simply to lend an ear; lists of local LBD support groups; and links 
to related organizations.

Understanding Lewy Body Dementia

Lewy body dementia is not a rare disease. It affects an estimated 
1.3 million individuals and their families in the United States alone. 
Because LBD symptoms may closely resemble other more commonly 
known diseases like Alzheimer and Parkinson, it is currently widely 
under-diagnosed.

LBD is an umbrella term for two related diagnoses. It refers to both 
Parkinson disease dementia and dementia with Lewy bodies. The earli-
est symptoms differ, but reflect the same underlying biological changes 
in the brain. Over time, people with both diagnoses will develop very 
similar cognitive, physical, sleep, and behavioral symptoms.
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LBD is a multi-system disease and usually requires a comprehen-
sive treatment approach with a collaborative team of physicians from 
varying specialties. Early diagnosis and treatment may extend your 
quality of life and independence. Many people with LBD enjoy signifi-
cant lifestyle improvement with a comprehensive treatment approach, 
and some may even experience little change from year to year.

Some people with LBD are extremely sensitive, or may react nega-
tively, to certain medications used to treat Alzheimer or Parkinson 
disease, as well as certain over-the-counter medications.

LBD Symptoms and Treatments

Dementia is the primary symptom and includes problems with mem-
ory, problem solving, planning, and abstract or analytical thinking. Cho-
linesterase inhibitors, medications originally developed for Alzheimer, 
are the standard treatment today for cognitive LBD symptoms.

Cognitive fluctuations involve unpredictable changes in concen-
tration and attention from day to day.

Parkinson-like symptoms include rigidity or stiffness, shuffling 
gait, tremor and slowness of movement. Sometimes a Parkinson’s medi-
cation called levodopa is prescribed for these symptoms.

Hallucinations are seeing or hearing things that are not really 
present. If the hallucinations are not disruptive, they may not need 
to be treated further. However, if they are frightening or dangerous, 
your physician may recommend a cautious trial use of a newer anti-
psychotic medication. Dementia medications called cholinesterase in-
hibitors have also been shown to be effective in treating hallucinations 
and other psychiatric symptoms of LBD. Warning: Up to 50% of LBD 
patients treated with any antipsychotic medication may experience 
severe neuroleptic sensitivity, including worsening cognition, heavy 
sedation, increased or possibly irreversible parkinsonism, or symp-
toms resembling neuroleptic malignant syndrome (NMS), which can 
be fatal. NMS causes severe fever, muscle rigidity and breakdown that 
can lead to kidney failure.

Rapid eye movement (REM) sleep behavior disorder (RBD)
involves acting out dreams, sometimes violently. This symptom ap-
pears in some people years before any changes in cognition. Some sleep 
partners have reported being physically injured when the disorder 
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was left untreated. RBD can be responsive to treatment by melatonin 
or clonazepam.

Severe sensitivity to neuroleptics is common in LBD. Neuro-
leptics, also known as antipsychotics, are medications used to treat 
hallucinations or other serious mental disorders. While traditional 
antipsychotic medications, for example, haloperidol and thioridazine 
HCL are commonly prescribed for individuals with Alzheimer disease 
for disruptive behavior, these medications can affect the brain of an 
individual with LBD differently, sometimes causing severe side effects. 
For this reason, traditional antipsychotic medications like haloperidol 
should be avoided. Some newer atypical antipsychotic medications 
like risperidone may also be problematic for someone with LBD. Some 
LBD experts prefer quetiapine. If quetiapine is not tolerated or is not 
helpful, clozapine should be considered, but requires ongoing blood 
tests to assure a rare but serious blood condition does not develop. 
Hallucinations must be treated very conservatively, using the lowest 
doses possible under careful observation for side effects.

Other Common Lewy Body Dementia Symptoms Not 
Required for Diagnosis

These symptoms also need to be monitored and treated:

Significant changes in the autonomic nervous system, includ-
ing temperature regulation, blood pressure and digestion. Dizziness, 
fainting, sensitivity to heat and cold, sexual dysfunction, early urinary 
incontinence, or constipation are common LBD symptoms.

Repeated falls attributed to dizziness, fainting, or the effects of 
parkinsonism on posture and balance.

Excessive daytime sleepiness or transient loss of conscious-
ness. Sleep disorders are common in LBD, but are often undiagnosed. 
If you experience these symptoms, consult with a sleep specialist to 
identify and treat all sleep disorders.

Other mood disorders and psychiatric symptoms such as de-
pression, delusions (false beliefs), or hallucinations in other senses, like 
touch or smell. Your doctor may recommend treating depression with 
classes of antidepressants called selective serotonin reuptake inhibi-
tors (SSRI) or serotonin-norepinephrine reuptake inhibitors (SNRI).
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Certain Medications May Worsen Your Condition

Speak with your doctor about possible side effects. The following 
drugs may cause sedation, motor impairment, or confusion:

-
pyrrolate

-
dramine and dimenhydrinate

Some medications, like anticholinergics, amantadine, and dopamine 
agonists, which help relieve parkinsonian symptoms, might increase 
confusion, delusions, or hallucinations.

Note: Be sure to meet with your anesthesiologist in advance of any 
surgery to discuss medication sensitivities and risks unique to LBD. 
People with LBD often respond to certain anesthetics and surgery with 
acute states of confusion or delirium and may have a sudden signifi-
cant drop in functional abilities, which may or may not be permanent. 
Possible alternatives to general anesthesia include a spinal or regional 
block. These methods are less likely to result in postoperative confu-
sion. If you are told to stop taking all medications prior to surgery, 
consult with your doctor to develop a plan for careful withdrawal.

Not All Treatments Include Taking Medications

-
ibility exercises, gait training, and general physical fitness pro-
grams.

muscular strength, and swallowing difficulties.

-
tional ability and independence. Music and aromatherapy may 
reduce anxiety and improve mood.

strategies to manage emotional and behavioral symptoms and 



490

Brain Disorders Sourcebook, Third Edition

to help make plans that address individual and family concerns 
about the future.

LBD to identify practical solutions to day-to-day frustrations and 
to obtain emotional support from others.

What is the long-term prognosis for someone with Lewy 
body dementia?

The prognosis is different for each person and may be affected by 
your general health or the existence of unrelated illnesses. Because 
LBD progresses at varying rates for each individual, it is not possible 
to determine how long someone may live with the disease.

The average duration of LBD is typically five to eight years af-
ter the onset of obvious LBD symptoms, but may range from two to 
twenty years. It is important to remember that this is a disorder that 
progresses gradually over years, not days or months.

Some families must make the decision whether or not to inform 
a person with LBD about the diagnosis. Those decisions may depend 
on the cognitive ability and temperament of the individual with LBD. 
While some people may find a dementia diagnosis distressing, a re-
cent study indicates that most individuals actually find some relief in 
knowing the diagnosis and in understanding how this relates to their 
changing abilities. A correct diagnosis can also lead to an optimum 
treatment plan.

What if I haven’t received a diagnosis yet?

Sometimes early dementia symptoms can be vague, making it hard 
to identify. It may even take several years for enough symptoms to 
develop to point to a specific type of dementia.

Some types of dementia are reversible and may be caused by an 
interaction of certain medications, a vitamin deficiency, or a curable 
illness. If you are experiencing changes in your memory or cognitive 
abilities, please consult with a doctor to identify the cause so you can 
begin treatment immediately.

Unfortunately, for many types of dementia, there are no known 
cures. These types of dementia mainly affect older adults, though some 
people are diagnosed with early-onset dementia as early as their for-
ties. Getting an early and accurate diagnosis along with appropriate 
treatment is very important, since people often respond very differently 
to certain medications.
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Other Common Types of Dementia

Alzheimer disease patients experience a progressive loss of recent 
memory; problems with language, calculation, abstract thinking, and 
judgment; depression or anxiety; personality and behavioral changes; 
and disorientation to time and place.

Vascular dementia is caused by a series of small strokes that 
deprive the brain of vital oxygen. Symptoms, such as disorientation in 
familiar locations; walking with rapid, shuffling steps; incontinence; 
laughing or crying inappropriately; difficulty following instructions; 
and problems handling money may appear suddenly and worsen with 
additional strokes. High blood pressure, cigarette smoking, and high 
cholesterol are some of the risk factors for stroke that may be controlled 
to prevent vascular dementia.

Frontotemporal dementia (FTD) includes several disorders 
with a variety of symptoms. The most common signs of FTD include 
changes in personality and behavior, such as inappropriate or compul-
sive behavior, euphoria, apathy, decline in personal hygiene, and a lack 
of awareness concerning these changes. Some forms of FTD involve 
language and speech symptoms or movement changes.

Do I have to see a special kind of doctor to find out what 
type of dementia I have?

Family physicians are a great, first-step resource if you are ex-
periencing any cognitive, emotional, or physical changes. However, 
neurologists generally possess the specialized knowledge necessary to 
diagnose specific types of dementia or movement disorders, as do geri-
atric psychiatrists and neuropsychologists. However, these specialists 
may require a referral from your primary care physician. Geriatricians, 
who specialize in treating older adults, are also usually familiar with 
the different forms of dementia. If you have access to a hospital affili-
ated with a medical school, the hospital may have a clinic specializing 
in dementia or movement disorders where you may find a high level 
of diagnostic and treatment capability.

What information will the doctor need to make an accu-
rate diagnosis and provide the best treatment?

Most people know to tell their doctors about any memory or other 
cognitive problems they are experiencing. However, since the symptoms 
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of LBD and other types of dementia go far beyond cognitive issues, be 
sure to tell your doctor about any memory, cognitive, emotional, behav-
ioral, movement, cardiac, digestive, or sleep problems you are having. 
Bring someone close to you with you, such as a spouse or an adult child, 
to discuss any changes they have observed. Also, tell your doctor about 
all of your current medications, including prescriptions, over-the-counter 
drugs, vitamins, and herbal supplements, since certain medications can 
worsen your symptoms.

The doctor may perform physical and neurological exams, run blood 
tests to rule out other diseases, do a brief mental status test, and order 
one or more types of brain scans that provide images of your brain or 
brain functioning. Ask your doctor for a referral for a complete neuro-
psychological examination. This is an assessment of thinking abilities, 
including memory, attention, word-finding, and visual-spatial skills. 
Neuropsychological exams are much more extensive and sensitive 
than routine office tests of mental status and can help differentiate 
among LBD, Alzheimer disease, the usually mild changes associated 
with normal aging, and other neurological conditions.

LBD Is a Family Disease, Affecting Both the Patient and 
Primary Caregiver

Unfortunately, LBD is not an easy disease with which to live. It af-
fects both the person with LBD and their entire family. Here are a few 
things you can do today to start preparing for the challenges ahead.

together to face LBD.

-
erything you can about LBD symptoms, treatment options, and 
caregiving.

-
ent it any time you are hospitalized, require emergency medical 
care, or meet with your doctors.

-
tant medical information to emergency care providers.

-
fore you need it, including your local Area Agency on Aging office.

legal and financial situation during the early stage of LBD.
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Aging, Family Caregiver Alliance, or National Alliance for Care-
giving for additional information on caregiving.

Section 43.5

Memory Loss 
and Early Dementia

Excerpted from “New Research Illuminates Memory Loss and 
Early Dementia,” National Institute on Aging (NIA), Spring 2009.

“Recent research has greatly enhanced our understanding of how 
memories are formed and what really happens in the brain when 
memory loss occurs,” says Dr. Marcelle Morrison-Bogorad, director of 
the National Institute on Aging (NIA) Division of Neuroscience. “These 
findings are helping us focus on the very earliest stages, when normal 
aging may be giving way to a disease process such as Alzheimer disease 
(AD). Knowing more about these early events will help us understand 
what may trigger the AD process and will contribute to improved di-
agnosis and effective treatments.”

Is It Forgetfulness or a Memory Disorder?

Studies have shown that the aging brain is much more adaptable 
than once thought. For example, as adults age, they improve in some 
cognitive areas, such as vocabulary and other forms of verbal knowl-
edge. The brain also continues to develop new neurons (nerve cells) in 
certain regions, even late in life. Pathways used by neurons to transmit 
signals can reroute themselves to bypass obstructions and maintain 
essential communications.

However, studies of memory and cognition have found that healthy 
people also may lose some cognitive function as they get older. They 
may have more difficulty learning new information, remembering 
things, or doing tasks like planning or making decisions. These minor 
declines in memory and cognitive ability may occur because the brain, 
like other parts of the body, changes with age.
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For some people, the brain changes that come with age are minimal 
and result in occasional memory lapses, such as forgetting keys or 
blanking out on a person’s name. Others experience progressive and 
significant declines in their ability to remember things, without having 
other problems characteristic of AD, such as difficulty processing and 
organizing information, problems with judgment and decision-making, 
personality changes, and psychiatric and behavioral problems.

Telling the Difference between Normal Forgetfulness 
and Memory Loss

Normal age-related memory loss:

quickly orients self

Memory loss in mild cognitive impairment (MCI):

-
standing and following a map

Memory loss in Alzheimer disease:

place
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-
teraction

and remembering new information

for hours

Source: Adapted from Rabins, P. Memory. In The Johns Hopkins 
White Papers

Brain tissue reveals much: Scientists have learned that MCI 
has several subtypes. In the most common subtype, memory loss is 
the most prominent feature (other types of MCI feature other types 
of cognitive problems).

“We call the condition of memory impairment alone amnestic mild 
cognitive impairment (aMCI),” says Dr. Ronald Petersen, director of 
the National Institute on Aging (NIA)-funded Mayo Alzheimer’s Dis-
ease Research Center, “Researchers are particularly interested in the 
brain changes and memory loss of aMCI, because more people with 
this condition go on to develop AD than do people without aMCI. We 
don’t yet know for sure whether aMCI is a separate condition or a 
transitional stage between normal aging and AD.”

In one of these studies, begun in 1988, Dr. Petersen and his col-
leagues followed a group of more than 270 people diagnosed with a 
MCI who participated in the Mayo Clinic Alzheimer’s Disease Patient 
Registry. These volunteers were diagnosed with aMCI based on their 
concerns about memory loss, the results of memory and cognitive func-
tion tests, and the facts that they were able to carry out normal activi-
ties of daily living and did not have other signs of dementia.

Two recent studies with the same group of Mayo Clinic volunteers 
have significantly increased our knowledge about the damage to brain 
tissue in aMCI.

During the first study, 15 participants with aMCI died. After their 
deaths, the research team compared the brain tissue of these partici-
pants with that of 28 people who were cognitively healthy at the time 
of death and 28 people who had AD at the time of death. In the people 
with aMCI, the researchers found damage to brain tissue that suggest-
ed an intermediate stage. This damage included many neurofibrillary



496

Brain Disorders Sourcebook, Third Edition

tangles in the temporal lobes, which could account for the memory loss, 
and some amyloid plaques in the cortex, but not enough to constitute 
a definition of AD.

Amyloid plaques and neurofibrillary tangles are considered two 
hallmarks of AD. The brain tissue of the healthy participants had few 
plaques and tangles, but plaques and tangles were very common in 
the brain tissue of those with AD.

In the second study, the Mayo research team examined the brain 
tissue of 34 people who were followed from their diagnosis of aMCI 
through dementia to death. In slightly more than 70% of the cas-
es, those with aMCI went on to develop AD that could be confirmed 
by damage to brain tissue. In the remainder, dementia had another 
cause.

“These findings suggest that we can’t definitively say that someone 
with aMCI has early AD,” says Dr. Petersen. “aMCI may indeed be a 
transitional state. Following up these findings in other studies will 
help us learn more about aMCI and may even point to some useful 
therapeutic targets to prevent the possible development of AD.”

The temporal lobe as puzzle solver: One of the great puzzles 
about aMCI is why, sometimes but not always, it leads to AD. Do people 
with this kind of memory loss who do not eventually develop AD have 
some special protective characteristics? Two research groups recently 
explored an approach for identifying individuals who are likely to 
progress from normal age-related forgetfulness to aMCI and from 
aMCI to AD.

As part of NIA’s Alzheimer’s Disease Cooperative Study, Dr. Charles 
DeCarli and colleagues at the University of California at Davis used 
magnetic resonance imaging (MRI) to measure how shrinkage (atro-
phy) of the temporal lobes of 187 study participants with MCI predicted 
development of AD over an 18-month period. The temporal lobes, which 
run along the sides of the brain, deal with the formation and storage 
of memories.

Moderate to marked atrophy, based on simple visual inspection of 
MRI, was associated with a more than twofold increase in the likeli-
hood of progressing to AD. This was true even after the scientists took 
into account other factors, including age, education, sex, and cognitive 
abilities at the beginning of the study.

“These findings suggest that using MRI during evaluations for 
aMCI may help us identify people at higher risk of progressing to AD. 
Knowing this may help us start treatments earlier, when they may be 
most effective,” says Dr. DeCarli.
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Conclusion: We often take memory for granted. Its importance in 
how we define ourselves as human beings and as individuals becomes 
very evident when it begins to disappear. AD researchers are working 
on many fronts to learn more about what happens when memory loss 
occurs. Their findings may help in the development of drug and non-
drug therapies to help people hold on to their memories for as long 
as possible.

Section 43.6

Body Fat Increases Risk of Dementia
Excerpted from “Connections Features: Is a Big Belly Bad for the 

Brain?,” Connections, Spring 2009, National Institute on Aging (NIA).

Is a Big Belly Bad for the Brain? Examining Body Fat’s 
Ties to Dementia

Belly fat may be bad for your brain. A number of recent studies, 
widely publicized in the media, have suggested that excess adipose tis-
sue (body fat), particularly around the belly, during a person’s midlife 
years may increase the risk of developing dementia, including Al-
zheimer disease (AD), during old age. AD is the most common type of 
dementia among older people.

affect the brain is a complex story that researchers are eagerly inves-
tigating, with support from the National Institute on Aging (NIA). “We 
have two very serious public health burdens—Alzheimer disease and 
obesity—and if they interact so that one accentuates the other, then 
this is obviously a significant crisis,” says Dr. Suzana Petanceska, a 
program director in the NIA’s Division of Neuroscience. “This is very 
important to know because if metabolic abnormalities associated with 
obesity do indeed harm the brain, and we are able to understand how 
that happens, there is great potential for intervention.”

“Several epidemiological studies already show an association be-
tween body mass index (BMI) and dementia,” says Dr. Lenore Launer, 
chief of NIA’s Neuroepidemiology Section of the Laboratory of Epide-
miology, Demography, and Biometry. (BMI is a measurement of body 
fat relative to height and weight.) In support of these findings, there 
are also “a lot of interesting new experimental data on proteins such 
as leptin that are involved in obesity and may indeed be involved in 
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the physiology of brain changes,” Dr. Launer says. “It’s an exciting area 
that needs to be explored.”

The epidemiological evidence: At first, researchers did not con-
sider obesity to be an independent risk factor for dementia—separate 
from the conditions obesity spawns, including diabetes and cardio-
vascular disease. Numerous studies have linked both diabetes and 
cardiovascular disease to dementia. In the early 2000s, researchers 
turned their attention to obesity itself as an independent threat to 
the brain.

With support from NIA, Dr. Deborah Gustafson, Associate Profes-
sor, Neuropsychiatric Epidemiology Unit, University of Gothenburg, 
Sweden, and her colleagues analyzed data on dementia incidence in 
290 Swedish women who were age 70 at the beginning of the study. 
Women who developed dementia in their 80s had an average BMI 
at age 70 that was two units (kg/m2) higher than that of women in 
their 80s who did not develop dementia. Imaging studies of women 
in another population study in Gothenburg showed that those with 
atrophy in their brains’ temporal lobes were likely to have higher 
BMIs.

Since then, imaging studies have “convincingly demonstrated both 
generalized and regional brain atrophy and changes in white matter 

the University of California, Berkeley, in the special issue on obesity 
and dementia of Current Alzheimer Research (April 2007).

Location, location, location: Research on the biology of fat has 
shown that there are several types of adipose tissue. Belly fat, also 
known as visceral fat, is the most damaging type. It wraps itself around 
organs, makes the abdomen protrude, and produces molecules that 
can pass into and interact with the brain. Compared with generalized 
obesity, excess visceral fat is a bigger risk factor for type 2 diabetes, 
insulin resistance, heart disease, stroke, and premature death, studies 
show. The fat that coats the hips and thighs, called subcutaneous fat, 
lies just below the skin and is benign in comparison.

In 2008, an NIA-funded study found that middle-aged people with 
large bellies are more likely than are their flat-bellied contemporaries 
to develop Alzheimer disease later in life. Epidemiologist Dr. Rachel 
A. Whitmer, Kaiser Permanente Division of Research, Oakland, CA, 
and her co-investigators analyzed epidemiological data collected on 
6,583 Kaiser members, ages 40 to 45. Almost 16% of the entire group 
developed dementia.
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How to measure belly fat: There are many ways to measure 
belly fat. Researchers may use large calipers to measure abdominal 
diameter, which is the distance from the back to the front of the belly. 
An abdominal diameter of more than 9.8 inches (25 centimeters [cm]) 
is considered obese. Scientists also may use imaging devices to get a 
thorough picture of belly fat. Another good tool for determining central 
obesity around the waist is a measuring tape. Central obesity is defined 
as more than 35 inches (89 cm) for women and more than 40 inches 
(102 cm) for men, but anything over 31.5 inches (80 cm) for women 
and over 37 inches (94 cm) for men may be a red flag of future health 
problems, says NIA’s Dr. Petanceska.

Study participants in the top third for belly size had a threefold 
greater risk of dementia than participants in the bottom third had, 
even after researchers controlled for other factors, like diabetes, that 
increase a person’s risk for developing Alzheimer disease. Some par-
ticipants had a normal BMI and a large belly. They probably weighed 
less because they had little muscle in their arms and legs or had low 
bone density, Dr. Whitmer explains. But, they too were more likely than 
the flat-bellied participants were to develop dementia.

Effects of belly fat: “The more we understand about adipose tis-
sue, the clearer it becomes that belly fat is its own disease-generating 
organism,” says Dr. Launer. “Your fat is a very active endocrine organ 
that has a life of its own,” Dr. Petanceska explains. As part of that life, 
it interacts with many other systems in the body. “How it interacts 
with the brain may profoundly inform us about brain aging and Alz-
heimers,” she adds.

We normally associate the changes that belly fat initiates with 
aging, so some researchers suggest that fat may accelerate the aging 
process. For example, visceral fat increases a person’s risk of develop-
ing insulin resistance, to which older people are more prone than are 
younger people. Insulin resistance is a condition in which the body 
cannot use insulin properly. This condition typically leads to high levels 
of insulin in the blood, yet low levels of insulin activity in the brain. 
NIA-funded studies, including work by Dr. Suzanne Craft, Veteran’s 
Administration (VA) Puget Sound Healthcare System and the Uni-
versity of Washington, Seattle, indicate a correlation between insulin 
resistance and the risk of age-related memory impairment and Alz-
heimer disease.

Belly fat churns out a host of hormones, including cortisol and glu-
cocorticoids known as stress hormones, which normally increase with 
age as well as during stress and are believed to affect cognition. The 
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hippocampus, one of the main areas of the brain affected in AD, is rich 
in receptors for glucocorticoids. An elevated level of cortisol “has been 

The brains of AD patients show many signs of chronic inflammation. 
In addition, elevated levels of pro-inflammatory cytokines in the blood 
have been associated with a greater degree of age-related cognitive 
decline. Many of the substances produced by adipose tissue, known as 
adipokine, serve as mediators of inflammation (cytokines). The white 
adipose tissue that makes belly fat secretes cytokines that fuel and 
maintain a state of chronic inflammation, which is harmful to the body 
and may be one of the ways by which belly fat can accelerate brain 
aging and cause brain dysfunction.
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Amyotrophic lateral sclerosis (ALS), sometimes called Lou Gehrig 
disease, is a rapidly progressive, invariably fatal neurological disease 
that attacks the nerve cells (neurons) responsible for controlling vol-
untary muscles. In ALS, both the upper motor neurons and the lower 
motor neurons degenerate or die, ceasing to send messages to muscles. 
Unable to function, the muscles gradually weaken, waste away, and 
twitch. Eventually the ability of the brain to start and control volun-
tary movement is lost. Individuals with ALS lose their strength and 
the ability to move their arms, legs, and body. When muscles in the 
diaphragm and chest wall fail, individuals lose the ability to breathe 
without ventilatory support. The disease does not affect a person’s abil-
ity to see, smell, taste, hear, or recognize touch, and it does not usually 
impair a person’s thinking or other cognitive abilities. However, several 
recent studies suggest that a small percentage of patients may experi-
ence problems with memory or decision-making, and there is growing 
evidence that some may even develop a form of dementia. The cause 
of ALS is not known, and scientists do not yet know why ALS strikes 
some people and not others.

Is there any treatment?

No cure has yet been found for ALS. However, the U.S. Food and 
Drug Administration (FDA) has approved the first drug treatment for 
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Excerpted from “Amyotrophic Lateral Sclerosis Information Page,” National 
Institute of Neurological Disorders and Stroke (NINDS), February 10, 2010.
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the disease—riluzole. Riluzole is believed to reduce damage to motor 
neurons and prolongs survival by several months, mainly in those 
with difficulty swallowing. Other treatments are designed to relieve 
symptoms and improve the quality of life for people with ALS. Drugs 
also are available to help individuals with pain, depression, sleep dis-
turbances, and constipation. Individuals with ALS may eventually 
consider forms of mechanical ventilation (respirators).

What is the prognosis?

Regardless of the part of the body first affected by the disease, 
muscle weakness and atrophy spread to other parts of the body as the 
disease progresses. Individuals have increasing problems with mov-
ing, swallowing, and speaking or forming words. Eventually people 
with ALS will not be able to stand or walk, get in or out of bed on 
their own, or use their hands and arms. In later stages of the disease, 
individuals have difficulty breathing as the muscles of the respiratory 
system weaken. Although ventilation support can ease problems with 
breathing and prolong survival, it does not affect the progression of 
ALS. Most people with ALS die from respiratory failure, usually within 
3–5 years from the onset of symptoms. However, about 10% of those 
individuals with ALS survive for ten or more years.

What research is being done?

The National Institute of Neurological Disorders and Stroke 
(NINDS) conducts research in its laboratories at the National Insti-
tutes of Health (NIH) and also supports additional research through 
grants to major medical institutions across the country. The goals of 
this research are to find the cause or causes of ALS, understand the 
mechanisms involved in the progression of the disease, and develop 
effective treatments.

Results of an NINDS-sponsored phase III randomized, placebo-
controlled trial of the drug minocycline to treat ALS were reported in 
2007. This study showed that people with ALS who received minocy-
cline had a 25% greater rate of decline than those who received the 
placebo, according to the ALS functional rating scale (ALSFRS-R).



503

fatal brain disorder. It affects about one person in every one million 
people per year worldwide; in the United States there are about 200 

course. Typically, onset of symptoms occurs about age 60, and about 
90% of patients die within one year. In the early stages of disease, 
patients may have failing memory, behavioral changes, lack of co-
ordination, and visual disturbances. As the illness progresses, mental 
deterioration becomes pronounced and involuntary movements, blind-
ness, weakness of extremities, and coma may occur.

has no known risk factors for the disease. This is by far the most 

-
tary.

brain or nervous system tissue, usually through certain medical 

of Neurological Disorders and Stroke (NINDS), NIH Publication No. 03–2760, 
updated December 18, 2009.
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first described in 1920, fewer than 1% of cases have been ac-

the transmissible spongiform encephalopathies (TSEs). Spongiform 
refers to the characteristic appearance of infected brains, which become 

is the most common of the known human TSEs. Other human TSEs 
include kuru, fatal familial insomnia (FFI), and Gerstmann-Sträussler-
Scheinker disease (GSS).

Symptoms

patients experience problems with muscular coordination; personal-
ity changes, including impaired memory, judgment, and thinking; and 
impaired vision. People with the disease also may experience insom-

other flu-like symptoms. As the illness progresses, the patients’ mental 
impairment becomes severe. They often develop involuntary muscle 
jerks called myoclonus, and they may go blind. They eventually lose 
the ability to move and speak and enter a coma. Pneumonia and other 
infections often occur in these patients and can lead to death.

somewhat in the symptoms and course of the disease. For example, a 

psychiatric symptoms, affects younger patients than other types of 

to death.

Diagnosis

-

dementia such as encephalitis (inflammation of the brain) or chronic 

biopsy or autopsy. This procedure may be dangerous for the patient, 
and the operation does not always obtain tissue from the affected part 
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patient, a brain biopsy is discouraged unless it is needed to rule out 
a treatable disorder.

test, developed at the National Institute of Neurological Disorders and 
Stroke (NINDS), is performed on a person’s cerebrospinal fluid and 
detects a protein marker that indicates neuronal degeneration. This 

-
toms of the disease. This test is much easier and safer than a brain 
biopsy. The false positive rate is about 5–10%. Scientists are working 
to develop this test for use in commercial laboratories. They are also 
working to develop other tests for this disorder.

Treatment

-
-

tient as comfortable as possible. Opiate drugs can help relieve pain if 
it occurs, and the drugs clonazepam and sodium valproate may help 
relieve myoclonus.

How is CJD transmitted?

most other forms of casual contact. However, exposure to brain tissue 
and spinal cord fluid from infected patients should be avoided to pre-
vent transmission of the disease through these materials.

mater (a tissue that covers the brain), transplanted corneas, implanta-
tion of inadequately sterilized electrodes in the brain, and injections of 
contaminated pituitary growth hormone derived from human pituitary 
glands taken from cadavers. Doctors call these cases that are linked 
to medical procedures iatrogenic cases.

While there is no evidence that blood from people with sporadic 

lymph nodes (which produce white blood cells), the spleen, and the 
tonsils. These findings suggest that blood transfusions from people 

people in the United States from donating blood if they have resided 
for more than three months in a country or countries where BSE is 
common.
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How can people avoid spreading the disease?

person to another, people should never donate blood, tissues, or organs 

risk because of a family history of the disease, a dura mater graft, or 
other factor.

Normal sterilization procedures such as cooking, washing, and boil-
ing do not destroy prions. Caregivers, health care workers, and under-
takers should take the following precautions when they are working 

-
ing.

-
ids or dressing the patient’s wounds.

-
nated by the patient’s blood or other tissues.

material such as blood or cerebrospinal fluid.

undiluted chlorine bleach for an hour or more, then use an auto-
clave (pressure cooker) to sterilize them in distilled water for at 
least one hour at 132–134 degrees Centigrade.



507

What is Huntington disease?

Huntington disease (HD) results from genetically programmed 
degeneration of brain cells, called neurons, in certain areas of the 
brain. This degeneration causes uncontrolled movements, loss of intel-
lectual faculties, and emotional disturbance. HD is a familial disease, 
passed from parent to child through a mutation in the normal gene. 
Each child of an HD parent has a 50–50 chance of inheriting the HD 
gene. If a child does not inherit the HD gene, he or she will not develop 
the disease and cannot pass it to subsequent generations. A person 
who inherits the HD gene will sooner or later develop the disease. 
Whether one child inherits the gene has no bearing on whether oth-
ers will or will not inherit the gene. Some early symptoms of HD are 
mood swings; depression; and irritability or trouble driving, learning 
new things, remembering a fact, or making a decision. As the disease 
progresses, concentration on intellectual tasks becomes increasingly 
difficult and the patient may have difficulty feeding himself or herself 
and swallowing. The rate of disease progression and the age of onset 
vary from person to person. A genetic test, coupled with a complete 
medical history and neurological and laboratory tests, helps physicians 
diagnose HD. Presymptomatic testing is available for individuals who 
are at risk for carrying the HD gene. In 1–3% of individuals with HD, 
no family history of HD can be found.

Chapter 46
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“Huntington’s Disease Information Page,” National Institute of Neurological 
Disorders and Stroke (NIDNS), May 15, 2009.
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Is there any treatment?

Physicians prescribe a number of medications to help control emo-
tional and movement problems associated with HD. In August 2008 
the U.S. Food and Drug Administration approved tetrabenazine to treat 
Huntington chorea (the involuntary writhing movements), making it 
the first drug approved for use in the United States to treat the disease. 
Most drugs used to treat the symptoms of HD have side effects such 
as fatigue, restlessness, or hyperexcitability. It is extremely important 
for people with HD to maintain physical fitness as much as possible, 
as individuals who exercise and keep active tend to do better than 
those who do not.

What is the prognosis?

At this time, there is no way to stop or reverse the course of HD. 
Now that the HD gene has been located, investigators are continuing 
to study the HD gene with an eye toward understanding how it causes 
disease in the human body.

What research is being done?

Scientific investigations using electronic and other technologies en-
able scientists to see what the defective gene does to various structures 
in the brain and how it affects the body’s chemistry and metabolism. 
Laboratory animals are being bred in the hope of duplicating the clini-
cal features of HD so that researchers can learn more about the symp-
toms and progression of HD. Investigators are implanting fetal tissue 
in rodents and nonhuman primates with the hope of understanding, 
restoring, or replacing functions typically lost by neuronal degenera-
tion in individuals with HD. Related areas of investigation include 
excitotoxicity (over-stimulation of cells by natural chemicals found in 
the brain), defective energy metabolism (a defect in the mitochondria), 
oxidative stress (normal metabolic activity in the brain that produces 
toxic compounds called free radicals), tropic factors (natural chemical 
substances found in the human body that may protect against cell 
death).
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What is multiple sclerosis?

An unpredictable disease of the central nervous system, multiple 
sclerosis (MS) can range from relatively benign to somewhat disabling 
to devastating, as communication between the brain and other parts 
of the body is disrupted. Many investigators believe MS to be an auto-
immune disease—one in which the body, through its immune system, 
launches a defensive attack against its own tissues. In the case of MS, 
it is the nerve-insulating myelin that comes under assault. Such as-
saults may be linked to an unknown environmental trigger, perhaps 
a virus.

Most people experience their first symptoms of MS between the ages 
of 20 and 40; the initial symptom of MS is often blurred or double vi-
sion, red-green color distortion, or even blindness in one eye. Most MS 
patients experience muscle weakness in their extremities and difficulty 
with coordination and balance. These symptoms may be severe enough 
to impair walking or even standing. In the worst cases, MS can produce 
partial or complete paralysis. Most people with MS also exhibit paresthe-
sias, transitory abnormal sensory feelings such as numbness, prickling, 
or pins and needles sensations. Some may also experience pain. Speech 
impediments, tremors, and dizziness are other frequent complaints. Oc-
casionally, people with MS have hearing loss. Approximately half of all 
people with MS experience cognitive impairments such as difficulties 
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Excerpted from “Multiple Sclerosis Information Page,” National Institute of 
Neurological Disorders and Stroke (NINDS), February 10, 2010.
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with concentration, attention, memory, and poor judgment, but such 
symptoms are usually mild and are frequently overlooked. Depression 
is another common feature of MS.

Is there any treatment?

There is as yet no cure for MS. Many patients do well with no ther-
apy at all, especially since many medications have serious side effects 
and some carry significant risks. However, three forms of beta inter-
feron (Avonex, Betaseron, and Rebif) have now been approved by the 
U.S. Food and Drug Administration (FDA) for treatment of relapsing-
remitting MS. Beta interferon has been shown to reduce the number 
of exacerbations and may slow the progression of physical disability. 
When attacks do occur, they tend to be shorter and less severe. The 
FDA also has approved a synthetic form of myelin basic protein, called 
copolymer I (Copaxone), for the treatment of relapsing-remitting MS. 
Copolymer I has few side effects, and studies indicate that the agent 
can reduce the relapse rate by almost one third. An immunosuppres-
sant treatment, Novantrone (mitoxantrone), is approved by the FDA 
for the treatment of advanced or chronic MS.

One monoclonal antibody, natalizumab (Tysabri), was shown in 
clinical trials to significantly reduce the frequency of attacks in people 
with relapsing forms of MS and was approved for marketing by the 
FDA in 2004. However, in 2005 the drug’s manufacturer voluntarily 
suspended marketing of the drug after several reports of significant 
adverse events. In 2006, the FDA again approved sale of the drug for 
MS but under strict treatment guidelines involving infusion centers 
where patients can be monitored by specially trained physicians.

While steroids do not affect the course of MS over time, they can 
reduce the duration and severity of attacks in some patients. Spastic-
ity, which can occur either as a sustained stiffness caused by increased 
muscle tone or as spasms that come and go, is usually treated with 
muscle relaxants and tranquilizers such as baclofen, tizanidine, di-
azepam, clonazepam, and dantrolene. Physical therapy and exercise 
can help preserve remaining function, and patients may find that 
various aids—such as foot braces, canes, and walkers—can help them 
remain independent and mobile. Avoiding excessive activity and avoid-
ing heat are probably the most important measures patients can take 
to counter physiological fatigue. If psychological symptoms of fatigue 
such as depression or apathy are evident, antidepressant medications 
may help. Other drugs that may reduce fatigue in some, but not all, 
patients include amantadine (Symmetrel), pemoline (Cylert), and the
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still-experimental drug aminopyridine. Although improvement of optic 
symptoms usually occurs even without treatment, a short course of 
treatment with intravenous methylprednisolone (Solu-Medrol) fol-
lowed by treatment with oral steroids is sometimes used.

What is the prognosis?

A physician may diagnose MS in some patients soon after the onset 
of the illness. In others, however, doctors may not be able to readily 
identify the cause of the symptoms, leading to years of uncertainty and 
multiple diagnoses punctuated by baffling symptoms that mysteriously 
wax and wane. The vast majority of patients are mildly affected, but 
in the worst cases, MS can render a person unable to write, speak, or 
walk. MS is a disease with a natural tendency to remit spontaneously, 
for which there is no universally effective treatment.

What research is being done?

The National Institute of Neurological Disorders and Stroke 
(NINDS) and other institutes of the National Institutes of Health 
(NIH) conduct research in laboratories at the NIH and also support 
additional research through grants to major medical institutions across 
the country. Scientists continue their extensive efforts to create new 
and better therapies for MS. One of the most promising MS research 
areas involves naturally occurring antiviral proteins known as inter-
ferons. Beta interferon has been shown to reduce the number of exac-
erbations and may slow the progression of physical disability. When 
attacks do occur, they tend to be shorter and less severe. In addition, 
there are a number of treatments under investigation that may cur-
tail attacks or improve function. Over a dozen clinical trials testing 
potential therapies are underway, and additional new treatments are 
being devised and tested in animal models.
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Parkinson disease (PD) belongs to a group of conditions called motor 
system disorders, which are the result of the loss of dopamine-producing 
brain cells. The four primary symptoms of PD are tremor, or trembling 
in hands, arms, legs, jaw, and face; rigidity, or stiffness of the limbs and 
trunk; bradykinesia, or slowness of movement; and postural instability, 
or impaired balance and coordination. As these symptoms become more 
pronounced, patients may have difficulty walking, talking, or completing 
other simple tasks. PD usually affects people over the age of 50. Early 
symptoms of PD are subtle and occur gradually. In some people the dis-
ease progresses more quickly than in others. As the disease progresses, 
the shaking, or tremor, which affects the majority of PD patients may 
begin to interfere with daily activities. Other symptoms may include de-
pression and other emotional changes; difficulty in swallowing, chewing, 
and speaking; urinary problems or constipation; skin problems; and sleep 
disruptions. There are currently no blood or laboratory tests that have 
been proven to help in diagnosing sporadic PD. Therefore, the diagnosis 
is based on medical history and a neurological examination. The disease 
can be difficult to diagnose accurately. Doctors may sometimes request 
brain scans or laboratory tests in order to rule out other diseases.

Is there any treatment?

At present, there is no cure for PD, but a variety of medications 
provide dramatic relief from the symptoms. Usually, patients are given 
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“Parkinson’s Disease Information Page,” National Institute of Neurological 
Disorders and Stroke (NINDS), February 12, 2010.
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levodopa combined with carbidopa. Carbidopa delays the conversion of 
levodopa into dopamine until it reaches the brain. Nerve cells can use 
levodopa to make dopamine and replenish the brain’s dwindling sup-
ply. Although levodopa helps at least three-quarters of parkinsonian 
cases, not all symptoms respond equally to the drug. Bradykinesia and 
rigidity respond best, while tremor may be only marginally reduced. 
Problems with balance and other symptoms may not be alleviated at 
all. Anticholinergics may help control tremor and rigidity. Other drugs, 
such as bromocriptine, pramipexole, and ropinirole, mimic the role of 
dopamine in the brain, causing the neurons to react as they would 
to dopamine. An antiviral drug, amantadine, also appears to reduce 
symptoms. In May 2006, the U. S. Food and Drug Administration (FDA) 
approved rasagiline to be used along with levodopa for patients with 
advanced PD or as a single-drug treatment for early PD.

In some cases, surgery may be appropriate if the disease doesn’t re-
spond to drugs. A therapy called deep brain stimulation (DBS) has now 
been approved by the FDA. In DBS, electrodes are implanted into the 
brain and connected to a small electrical device called a pulse genera-
tor that can be externally programmed. DBS can reduce the need for 
levodopa and related drugs, which in turn decreases the involuntary 
movements called dyskinesias that are a common side effect of levodopa. 
It also helps to alleviate fluctuations of symptoms and to reduce trem-
ors, slowness of movements, and gait problems. DBS requires careful 
programming of the stimulator device in order to work correctly.

What is the prognosis?

PD is both chronic, meaning it persists over a long period of time, 
and progressive, meaning its symptoms grow worse over time. Although 
some people become severely disabled, others experience only minor 
motor disruptions. Tremor is the major symptom for some patients, 
while for others tremor is only a minor complaint and other symptoms 
are more troublesome. No one can predict which symptoms will affect 
an individual patient, and the intensity of the symptoms also varies 
from person to person.

What research is being done?

Scientists looking for the cause of PD continue to search for possible 
environmental factors, such as toxins, that may trigger the disorder, 
and study genetic factors to determine how defective genes play a role. 
Other scientists are working to develop new protective drugs that can 
delay, prevent, or reverse the disease.
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Progressive supranuclear palsy (PSP) is a rare brain disorder that 
causes serious and permanent problems with control of gait and bal-
ance. The most obvious sign of the disease is an inability to aim the 
eyes properly, which occurs because of lesions in the area of the brain 
that coordinates eye movements. Some patients describe this effect as 
a blurring. PSP patients often show alterations of mood and behavior, 
including depression and apathy as well as progressive mild dementia. It 
must be emphasized that the pattern of signs and symptoms can be quite 
different from person to person. The symptoms of PSP are caused by a 
gradual deterioration of brain cells in a few tiny but important places 
at the base of the brain, in the region called the brainstem. PSP is often 
misdiagnosed because some of its symptoms are very much like those of 
Parkinson disease, Alzheimer disease, and more rare neurodegenerative 

the diagnosis of PSP is the identification of early gait instability and 
difficulty moving the eyes, the hallmark of the disease, as well as ruling 
out other similar disorders, some of which are treatable. Although PSP 
gets progressively worse, no one dies from PSP itself.

Is there any treatment?

There is currently no effective treatment for PSP, although scien-
tists are searching for better ways to manage the disease. In some 

“Progressive Supranuclear Palsy Information Page,” National Institute of 
Neurological Disorders and Stroke (NINDS), December 18, 2009.

Chapter 49

Progressive Supranuclear 
Palsy (PSP)



516

Brain Disorders Sourcebook, Third Edition

patients the slowness, stiffness, and balance problems of PSP may 
respond to antiparkinsonian agents such as levodopa, or levodopa 
combined with anticholinergic agents, but the effect is usually tem-
porary. The speech, vision, and swallowing difficulties usually do not 
respond to any drug treatment. Another group of drugs that has been 
of some modest success in PSP are antidepressant medications. The 
most commonly used of these drugs are Prozac, Elavil, and Tofranil. 
The anti-PSP benefit of these drugs seems not to be related to their 
ability to relieve depression. Non-drug treatment for PSP can take 
many forms. Patients frequently use weighted walking aids because 
of their tendency to fall backward. Bifocals or special glasses called 
prisms are sometimes prescribed for PSP patients to remedy the dif-
ficulty of looking down. Formal physical therapy is of no proven benefit 
in PSP, but certain exercises can be done to keep the joints limber. A 
surgical procedure, a gastrostomy, may be necessary when there are 
swallowing disturbances. This surgery involves the placement of a 
tube through the skin of the abdomen into the stomach (intestine) for 
feeding purposes.

What is the prognosis?

PSP gets progressively worse but is not itself directly life-threatening. 
It does, however, predispose patients to serious complications such as 
pneumonia secondary to difficulty in swallowing (dysphagia). The most 
common complications are choking and pneumonia, head injury, and 
fractures caused by falls. The most common cause of death is pneu-
monia. With good attention to medical and nutritional needs, however, 
most PSP patients live well into their 70s and beyond.

What research is being done?

Research is ongoing for Parkinson and Alzheimer diseases. Better 
understanding of those common, related disorders will go a long way 
toward solving the problem of PSP, just as studying PSP may help shed 
light on Parkinson and Alzheimer diseases.



Part Eight

Seizures and Neurological 
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Epilepsy is a brain disorder in which clusters of nerve cells, or neu-
rons, in the brain sometimes signal abnormally. Neurons normally gen-
erate electrochemical impulses that act on other neurons, glands, and 
muscles to produce human thoughts, feelings, and actions. In epilepsy, 
the normal pattern of neuronal activity becomes disturbed, causing 
strange sensations, emotions, and behavior, or sometimes convulsions, 
muscle spasms, and loss of consciousness. During a seizure, neurons 
may fire as many as 500 times a second, much faster than normal. In 
some people, this happens only occasionally; for others, it may happen 
up to hundreds of times a day.

More than two million people in the United States—about one in 
100—have experienced an unprovoked seizure or been diagnosed with 
epilepsy. For about 80% of those diagnosed with epilepsy, seizures can 
be controlled with modern medicines and surgical techniques. How-
ever, about 25–30% of people with epilepsy will continue to experience 
seizures even with the best available treatment. Doctors call this situ-
ation intractable epilepsy. Having a seizure does not necessarily mean 
that a person has epilepsy. Only when a person has had two or more 
seizures is he or she considered to have epilepsy.

Epilepsy is not contagious and is not caused by mental illness or 
mental retardation. Some people with mental retardation may expe-
rience seizures, but seizures do not necessarily mean the person has

Chapter 50

What Is Epilepsy?

This chapter is excerpted from “Seizures and Epilepsy: Hope through Re-
search,” National Institute of Neurological Disorders (NINDS), NIH Publication 
No. 04–156, updated February 9, 2010.
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or will develop mental impairment. Many people with epilepsy have 
normal or above-average intelligence. Seizures sometimes do cause 
brain damage, particularly if they are severe. However, most seizures 
do not seem to have a detrimental effect on the brain. Any changes 
that do occur are usually subtle, and it is often unclear whether these 
changes are caused by the seizures themselves or by the underlying 
problem that caused the seizures.

While epilepsy cannot currently be cured, for some people it does 
eventually go away. One study found that children with idiopathic 
epilepsy, or epilepsy with an unknown cause, had a 68–92% chance of 
becoming seizure-free by 20 years after their diagnosis. The odds of 
becoming seizure-free are not as good for adults or for children with 
severe epilepsy syndromes, but it is nonetheless possible that seizures 
may decrease or even stop over time. This is more likely if the epilepsy 
has been well-controlled by medication or if the person has had epi-
lepsy surgery.

What causes epilepsy?

Epilepsy is a disorder with many possible causes. Anything that 
disturbs the normal pattern of neuron activity—from illness to brain 
damage to abnormal brain development—can lead to seizures.

Epilepsy may develop because of an abnormality in brain wiring, 
an imbalance of nerve signaling chemicals called neurotransmitters, 
or some combination of these factors. Researchers believe that some 
people with epilepsy have an abnormally high level of excitatory neu-
rotransmitters that increase neuronal activity, while others have an 
abnormally low level of inhibitory neurotransmitters that decrease 
neuronal activity in the brain. Either situation can result in too much 
neuronal activity and cause epilepsy. One of the most-studied neu-
rotransmitters that plays a role in epilepsy is gamma-aminobutyric 
acid (GABA) which is an inhibitory neurotransmitter. Research on 
GABA has led to drugs that alter the amount of this neurotransmitter 
in the brain or change how the brain responds to it. Researchers also 
are studying excitatory neurotransmitters such as glutamate.

In some cases, the brain’s attempts to repair itself after a head 
injury, stroke, or other problem may inadvertently generate abnormal 
nerve connections that lead to epilepsy. Abnormalities in brain wiring 
that occur during brain development also may disturb neuronal activ-
ity and lead to epilepsy.

Research has shown that the cell membrane that surrounds each 
neuron plays an important role in epilepsy. Cell membranes are crucial 
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for a neuron to generate electrical impulses. A disruption in any of these 
processes may lead to epilepsy. In some cases, epilepsy may result from 
changes in non-neuronal brain cells called glia. These cells regulate con-
centrations of chemicals in the brain that can affect neuronal signaling. 
About half of all seizures have no known cause. However, in other cases, 
the seizures are clearly linked to infection, trauma, or other identifiable 
problems.

What are the different kinds of seizures?

Doctors have described more than 30 different types of seizures. 
Seizures are divided into two major categories—focal seizures and 
generalized seizures. However, there are many different types of sei-
zures in each of these categories.

Focal seizures, also called partial seizures, occur in just one part 
of the brain. About 60% of people with epilepsy have focal seizures. 
These seizures are frequently described by the area of the brain in 
which they originate. For example, someone might be diagnosed with 
focal frontal lobe seizures.

In a simple focal seizure, the person will remain conscious but ex-
perience unusual feelings or sensations that can take many forms. 
The person may experience sudden and unexplainable feelings of joy, 
anger, sadness, or nausea. He or she also may hear, smell, taste, see, 
or feel things that are not real.

In a complex focal seizure, the person has a change in or loss of 
consciousness. His or her consciousness may be altered, producing 
a dreamlike experience. People having a complex focal seizure may 
display strange, repetitious behaviors such as blinks, twitches, mouth 
movements, or even walking in a circle. These repetitious movements 
are called automatisms. More complicated actions, which may seem 
purposeful, can also occur involuntarily. Patients may also continue 
activities they started before the seizure began, such as washing dishes 
in a repetitive, unproductive fashion. These seizures usually last just 
a few seconds.

Some people with focal seizures, especially complex focal seizures, 
may experience auras—unusual sensations that warn of an impending 
seizure. These auras are actually simple focal seizures in which the per-
son maintains consciousness. The symptoms an individual person has, 
and the progression of those symptoms, tend to be similar every time.

The symptoms of focal seizures can easily be confused with other 
disorders. For instance, the dreamlike perceptions associated with a 
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complex focal seizure may be misdiagnosed as migraine headaches, 
which also may cause a dreamlike state. The strange behavior and 
sensations caused by focal seizures also can be is taken for symptoms 
of narcolepsy, fainting, or even mental illness. It may take many tests 
and careful monitoring by an experienced physician to tell the differ-
ence between epilepsy and other disorders.

Generalized seizures are a result of abnormal neuronal activity 
on both sides of the brain. These seizures may cause loss of conscious-
ness, falls, or massive muscle spasms.

There are many kinds of generalized seizures. In absence seizures, 
the person may appear to be staring into space and have jerking or 
twitching muscles. These seizures are sometimes referred to as petit 
mal seizures, which is an older term. Tonic seizures cause stiffening of 
muscles of the body, generally those in the back, legs, and arms. Clonic 
seizures cause repeated jerking movements of muscles on both sides of 
the body. Myoclonic seizures cause jerks or twitches of the upper body, 
arms, or legs. Atonic seizures cause a loss of normal muscle tone. The 
affected person will fall down or may drop his or her head involuntarily. 
Tonic-clonic seizures cause a mixture of symptoms, including stiffen-
ing of the body and repeated jerks of the arms and/or legs as well as 
loss of consciousness. Tonic-clonic seizures are sometimes referred to 
by an older term: grand mal seizures.

Not all seizures can be easily defined as either focal or generalized. 
Some people have seizures that begin as focal seizures but then spread 
to the entire brain. Other people may have both types of seizures but 
with no clear pattern.

Society’s lack of understanding about the many different types of 
seizures is one of the biggest problems for people with epilepsy. People 
who witness a non-convulsive seizure often find it difficult to under-
stand that behavior which looks deliberate is not under the person’s 
control. In some cases, this has led to the affected person being arrested 
or admitted to a psychiatric hospital. To combat these problems, people 
everywhere need to understand the many different types of seizures 
and how they may appear.

What are the different kinds of epilepsy?

Just as there are many different kinds of seizures, there are many 
different kinds of epilepsy. Doctors have identified hundreds of differ-
ent epilepsy syndromes—disorders characterized by a specific set of 
symptoms that include epilepsy. Some of these syndromes appear to 
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be hereditary. For other syndromes, the cause is unknown. Epilepsy 
syndromes are frequently described by their symptoms or by where 
in the brain they originate. People should discuss the implications of 
their type of epilepsy with their doctors to understand the full range 
of symptoms, the possible treatments, and the prognosis.

People with absence epilepsy have repeated absence seizures 
that cause momentary lapses of consciousness. These seizures almost 
always begin in childhood or adolescence, and they tend to run in fami-
lies, suggesting that they may be at least partially due to a defective 
gene or genes. Some people with absence seizures have purposeless 
movements during their seizures, such as a jerking arm or rapidly 
blinking eyes. Others have no noticeable symptoms except for brief 
times when they are “out of it.” Immediately after a seizure, the person 
can resume whatever he or she was doing. However, these seizures 
may occur so frequently that the person cannot concentrate in school 
or other situations. Childhood absence epilepsy usually stops when the 
child reaches puberty. Absence seizures usually have no lasting effect 
on intelligence or other brain functions.

Temporal lobe epilepsy (TLE), is the most common epilepsy 
syndrome with focal seizures. These seizures are often associated 
with auras. TLE often begins in childhood. Research has shown that 
repeated temporal lobe seizures can cause a brain structure called 
the hippocampus to shrink over time. The hippocampus is important 
for memory and learning. While it may take years of temporal lobe 
seizures for measurable hippocampal damage to occur, this finding 
underlines the need to treat TLE early and as effectively as possible.

Neocortical epilepsy is characterized by seizures that originate 
from the brain’s cortex, or outer layer. The seizures can be either focal 
or generalized. They may include strange sensations, visual halluci-
nations, emotional changes, muscle spasms, convulsions, and a vari-
ety of other symptoms, depending on where in the brain the seizures 
originate.

There are many other types of epilepsy, each with its own char-
acteristic set of symptoms. Many of these, including Lennox-Gastaut 
syndrome and Rasmussen encephalitis, begin in childhood. Children 
with Lennox-Gastaut syndrome have severe epilepsy with several 
different types of seizures, including atonic seizures, which cause sud-
den falls and are also called drop attacks. This severe form of epilepsy 
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can be very difficult to treat effectively. Rasmussen encephalitis is a 
progressive type of epilepsy in which half of the brain shows continual 
inflammation. It sometimes is treated with a radical surgical proce-
dure called hemispherectomy. Some childhood epilepsy syndromes, 
such as childhood absence epilepsy, tend to go into remission or stop 
entirely during adolescence, whereas other syndromes such as juvenile 
myoclonic epilepsy and Lennox-Gastaut syndrome are usually present 
for life once they develop. However, seizure syndromes do not always 
appear in childhood.

Epilepsy syndromes that are easily treated, do not seem to impair 
cognitive functions or development, and usually stop spontaneously, 
are often described as benign. Benign epilepsy syndromes include 
benign infantile encephalopathy and benign neonatal convulsions. 
Other syndromes, such as early myoclonic encephalopathy, include 
neurological and developmental problems. However, these problems 
may be caused by underlying neurodegenerative processes rather 
than by the seizures. Epilepsy syndromes in which the seizures or 
the person’s cognitive abilities get worse over time are called pro-
gressive epilepsy.

Several types of epilepsy begin in infancy. The most common type of 
infantile epilepsy is infantile spasms, clusters of seizures that usually 
begin before the age of six months. During these seizures the infant 
may bend and cry out. Anticonvulsant drugs often do not work for in-
fantile spasms, but the seizures can be treated with adrenocorticotropic 
hormone (ACTH) or prednisone.

How is epilepsy diagnosed?

Doctors have developed a number of different tests to determine 
whether a person has epilepsy and, if so, what kind of seizures the 
person has. In some cases, people may have symptoms that look very 
much like a seizure but in fact are nonepileptic events caused by other 
disorders. Even doctors may not be able to tell the difference between 
these disorders and epilepsy without close observation and intensive 
testing. Tests used include electroencephalogram (EEG) monitoring, 
brain scans, medical history, and blood tests.

Can epilepsy be prevented?

Many cases of epilepsy can be prevented by wearing seat belts and 
bicycle helmets, putting children in car seats, and other measures 
that prevent head injury and other trauma. Prescribing medication 
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after first or second seizures or febrile seizures also may help pre-
vent epilepsy in some cases. Good prenatal care, including treatment 
of high blood pressure and infections during pregnancy, can prevent 
brain damage in the developing baby that may lead to epilepsy and 
other neurological problems later. Treating cardiovascular disease, 
high blood pressure, infections, and other disorders that can affect 
the brain during adulthood and aging also may prevent many cases of 
epilepsy. Finally, identifying the genes for many neurological disorders 
can provide opportunities for genetic screening and prenatal diagnosis 
that may ultimately prevent many cases of epilepsy.
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Section 51.1

Medications and Surgery
Excerpted from “Seizures and Epilepsy: Hope through Research,” 

National Institute of Neurological Disorders (NINDS), NIH Publication 
No. 04–156, updated February 9, 2010.

Medications

By far the most common approach to treating epilepsy is to pre-
scribe antiepileptic drugs. More than 20 different antiepileptic drugs 
are on the market, all with different benefits and side effects. The 
choice of which drug to prescribe, and at what dosage, depends on 
many different factors, including the type of seizures a person has, the 
person’s lifestyle and age, how frequently the seizures occur, and, for 
a woman, the likelihood that she will become pregnant. People with 
epilepsy should follow their doctor’s advice and share any concerns 
they may have regarding their medication.

Doctors seeing a patient with newly developed epilepsy often pre-
scribe carbamazepine, valproate, lamotrigine, oxcarbazepine, or phen-
ytoin first, unless the epilepsy is a type that is known to require a 
different kind of treatment. For absence seizures, ethosuximide is 
often the primary treatment. Other commonly prescribed drugs include 
clonazepam, phenobarbital, and primidone. Some relatively new epi-
lepsy drugs include tiagabine, gabapentin, topiramate, levetiracetam, 
and felbamate. Other drugs are used in combination with one of the 
standard drugs or for intractable seizures that do not respond to other 
medications. A few drugs, such as fosphenytoin, are approved for use 
only in hospital settings to treat specific problems such as status epi-
lepticus. For people with stereotyped recurrent severe seizures that 
can be easily recognized by the person’s family, the drug diazepam is 
now available as a gel that can be administered rectally by a family 
member. This method of drug delivery may be able to stop prolonged 
or repeated seizures before they develop into status epilepticus.

For most people with epilepsy, seizures can be controlled with just 
one drug at the optimal dosage. Combining medications usually am-
plifies side effects such as fatigue and decreased appetite, so doctors 
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usually prescribe monotherapy, or the use of just one drug, whenever 
possible. Combinations of drugs are sometimes prescribed if mono-
therapy fails to effectively control a patient’s seizures.

Most side effects of antiepileptic drugs are relatively minor, such as 
fatigue, dizziness, or weight gain. However, severe and life-threatening 
side effects such as allergic reactions can occur. Epilepsy medication 
also may predispose people to developing depression or psychoses. 
People with epilepsy should consult a doctor immediately if they de-
velop any kind of rash while on medication, or if they find themselves 
depressed or otherwise unable to think in a rational manner. Other 
danger signs that should be discussed with a doctor immediately are 
extreme fatigue, staggering or other movement problems, and slurring 
of words. People with epilepsy should be aware that their epilepsy 
medication can interact with many other drugs in potentially harmful 
ways. For this reason, people with epilepsy should always tell doctors 
who treat them which medications they are taking. Women also should 
know that some antiepileptic drugs can interfere with the effective-
ness of oral contraceptives, and they should discuss this possibility 
with their doctors. People taking epilepsy medication should be sure 
to check with their doctor or seek a second medical opinion if their 
medication does not appear to be working or if it causes unexpected 
side effects.

Surgery

When seizures cannot be adequately controlled by medications, 
doctors may recommend that the person be evaluated for surgery. Sur-
gery for epilepsy is performed by teams of doctors at medical centers. 
To decide if a person may benefit from surgery, doctors consider the 
type or types of seizures he or she has. They also take into account the 
brain region involved and how important that region is for everyday 
behavior. Surgeons usually avoid operating in areas of the brain that 
are necessary for speech, language, hearing, or other important abili-
ties. Doctors may perform tests such as a Wada test (administration of 
the drug amobarbital into the carotid artery) to find areas of the brain 
that control speech and memory. They often monitor the patient in-
tensively prior to surgery in order to pinpoint the exact location in the 
brain where seizures begin. They also may use implanted electrodes to 
record brain activity from the surface of the brain. This yields better 
information than an external electroencephalogram (EEG).

A 1990 National Institutes of Health (NIH) consensus conference on 
surgery for epilepsy concluded that there are three broad categories of 
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epilepsy that can be treated successfully with surgery. These include 
focal seizures, seizures that begin as focal seizures before spreading 
to the rest of the brain, and unilateral multifocal epilepsy with in-
fantile hemiplegia (such as Rasmussen encephalitis). Doctors gener-
ally recommend surgery only after patients have tried two or three 
different medications without success, or if there is an identifiable 
brain lesion—a damaged or dysfunctional area—believed to cause 
the seizures.

A study published in 2000 compared surgery to an additional year 
of treatment with antiepileptic drugs in people with longstanding tem-
poral lobe epilepsy. The results showed that 64% of patients receiving 
surgery became seizure-free, compared to 8% of those who continued 
with medication only. Because of this study and other evidence, the 
American Academy of Neurology (AAN) now recommends surgery 
for temporal lobe epilepsy (TLE) when antiepileptic drugs are not 
effective. However, the study and the AAN guidelines do not provide 
guidance on how long seizures should occur, how severe they should 
be, or how many drugs should be tried before surgery is considered. 
A nationwide study is now underway to determine how soon surgery 
for TLE should be performed.

If a person is considered a good candidate for surgery and has 
seizures that cannot be controlled with available medication, experts 
generally agree that surgery should be performed as early as possible. 
Surgery should always be performed with support from rehabilitation 
specialists and counselors who can help the person deal with the many 
psychological, social, and employment issues he or she may face.

While surgery can significantly reduce or even halt seizures for 
some people, it is important to remember that any kind of surgery 
carries some amount of risk (usually small). Surgery for epilepsy does 
not always successfully reduce seizures, and it can result in cognitive 
or personality changes, even in people who are excellent candidates 
for surgery. Patients should ask their surgeon about his or her experi-
ence, success rates, and complication rates with the procedure they 
are considering.

Even when surgery completely ends a person’s seizures, it is impor-
tant to continue taking seizure medication for some time to give the 
brain time to re-adapt. Doctors generally recommend medication for 
two years after a successful operation to avoid new seizures.

Surgery to treat underlying conditions: In cases where sei-
zures are caused by a brain tumor, hydrocephalus, or other conditions 
that can be treated with surgery, doctors may operate to treat these 
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underlying conditions. In many cases, once the underlying condition is 
successfully treated, a person’s seizures will disappear as well.

Surgery to remove a seizure focus: The most common type of 
surgery for epilepsy is removal of a seizure focus, or small area of the 
brain where seizures originate. This type of surgery, which doctors 
may refer to as a lobectomy or lesionectomy, is appropriate only for 
focal seizures that originate in just one area of the brain. In general, 
people have a better chance of becoming seizure-free after surgery 
if they have a small, well-defined seizure focus. Lobectomies have a 
55–70% success rate when the type of epilepsy and the seizure focus 
is well-defined.

Multiple subpial transection: When seizures originate in part of 
the brain that cannot be removed, surgeons may perform a procedure 
called a multiple subpial transection. In this type of operation, which 
has been commonly performed since 1989, surgeons make a series of 
cuts that are designed to prevent seizures from spreading into other 
parts of the brain while leaving the person’s normal abilities intact. 
About 70% of patients who undergo a multiple subpial transection 
have satisfactory improvement in seizure control.

Corpus callosotomy: Corpus callosotomy, or severing the network 
of neural connections between the right and left halves, or hemispheres, 
of the brain, is done primarily in children with severe seizures that 
start in one half of the brain and spread to the other side. Corpus callo-
sotomy can end drop attacks and other generalized seizures. However, 
the procedure does not stop seizures in the side of the brain where they 
originate, and these focal seizures may even increase after surgery.

Hemispherectomy and hemispherotomy: These procedures 
remove half of the brain’s cortex, or outer layer. They are used predomi-
nantly in children who have seizures that do not respond to medication 
because of damage that involves only half the brain, as occurs with 
conditions such as Rasmussen encephalitis and Sturge-Weber syn-
drome. While this type of surgery is very radical and is performed only 
as a last resort, children often recover very well from the procedure, 
and their seizures usually cease altogether. With intense rehabilita-
tion, they often recover nearly normal abilities. Since the chance of a 
full recovery is best in young children, hemispherectomy should be 
performed as early in a child’s life as possible. It is rarely performed 
in children older than 13 years.
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Section 51.2

Vagus Nerve Stimulation
“Vagus Nerve Stimulation,” © 2006 Epilepsy.com. All rights reserved. 

Reprinted with permission.

Vagus nerve stimulation (VNS) is designed to prevent seizures by 
sending regular, mild pulses of electrical energy to the brain via the 
vagus nerve. These pulses are supplied by a device something like a 
pacemaker. The VNS device is sometimes referred to as a pacemaker 
for the brain. It is placed under the skin on the chest wall and a wire 
runs from it to the vagus nerve in the neck.

The vagus nerve is part of the autonomic nervous system, which 
controls functions of the body that are not under voluntary control, such 
as the heart rate. The vagus nerve passes through the neck as it travels 
between the chest and abdomen and the lower part of the brain.

What is the surgery like?

The surgeon first makes an incision along the outer side of the chest 
on the left side, and the device is implanted under the skin. Then a 
second incision is made horizontally in the lower neck, along a crease 
of skin, and the wire from the stimulator is wound around the vagus 
nerve in the left side of the neck. The brain itself is not involved in 
the surgery.

The device (also called an implant) is a flat, round battery, about 
the size of a silver dollar—that is, about an inch and a half (four cen-
timeters [cm]) across—and 10–13 millimeters thick, depending on the 
model used. Newer models may be somewhat smaller.

The procedure usually lasts about 50–90 minutes with the patient 
under general anesthesia. Sometimes a hospital stay of one night is 
required. Some surgeons have performed the procedure with local 
anesthesia and the patient has been discharged the same day.

How is VNS used?

The neurologist programs the strength and timing of the impulses ac-
cording to each patient’s individual needs. The settings can be programmed 
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and changed without entering the body, just by using a programming wand 
connected to a laptop computer.

For all patients, the device is programmed to go on for a certain 
period (for example, seven seconds or thirty seconds) and then to go off 
for another period (for example, fourteen seconds or five minutes). The 
device runs continuously, usually with thirty seconds of stimulation 
alternating with five minutes of no stimulation. The patient is usually 
not aware that it’s operating.

Holding a special magnet near the implanted device causes the 
device to become active outside of the programmed interval. For people 
with warnings (auras) before their seizures, activating the stimulator 
with the magnet when the warning occurs may help to stop the sei-
zure. Many patients without auras also experience improved seizure 
control, however.

Settings (also called stimulation parameters) set by the neurologist 
typically include a stimulation amplitude of 1.0–3.0 mA (milliamperes), 
a stimulation frequency of 30 Hz (hertz), and a pulse width of 500 mi-
croseconds. By adjusting these settings, the doctor not only may be able 
to control more of the patient’s seizures, but often can also relieve side 
effects. One study, for instance, found that changing the pulse width 
eliminated pain that some patients were experiencing. The battery for 
the stimulator lasts approximately 5–10 years.

Resources: The VNS implant devices are built by Cyberonics, Inc. 
Additional information for patients and physicians is available at their 
website (www.cyberonics.com).
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Section 51.3

Ketogenic Diet
“Ketogenic Diet,” © 2006 Epilepsy.com. 

All rights reserved. Reprinted with permission.

The ketogenic diet is a special high-fat, low-carbohydrate diet that 
helps to control seizures in some people with epilepsy. It is prescribed 
by a physician and carefully monitored by a dietitian. It is stricter, with 
calorie, fluid, and protein measurement and occasional restriction, than 
the modified Atkins diet, which is also used today.

The name ketogenic means that it produces ketones in the body 
(keto = ketone, genic = producing). Ketones are formed when the body 
uses fat for its source of energy. Usually the body usually uses car-
bohydrates (such as sugar, bread, pasta) for its fuel, but because the 
ketogenic diet is very low in carbohydrates, fats become the primary 
fuel instead. Ketones are not dangerous. They can be detected in the 
urine, blood, and breath. Ketones are one of the more likely mecha-
nisms of action of the diet; with higher ketone levels often leading to 
improved seizure control. However, there are many other theories for 
why the diet will work.

Who will it help?

Doctors usually recommend the ketogenic diet for children whose 
seizures have not responded to several different seizure medicines. It 
is particularly recommended for children with the Lennox-Gastaut 
syndrome.

Doctors seldom recommend the ketogenic diet for adults. How-
ever, in the limited studies that have been done, the diet seems to 
work just as well, although it is very restrictive for most adults. 
Studies are underway to evaluate the modified Atkins diet in this 
population.

The ketogenic diet has been shown in case reports and case series 
to be particularly effective for some epilepsy conditions. These include 
infantile spasms, Rett syndrome, tuberous sclerosis complex, Dravet syn-
drome, Doose syndrome, and GLUT-1 deficiency. Using a formula-only
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ketogenic diet for infants and gastrostomy-tube fed children may lead 
to better compliance and possibly even improved efficacy. The diet works 
well for children with focal seizures, but may be less likely to lead to 
an immediate seizure-free result. In general, the diet can always be 
considered as long as there are no clear metabolic or mitochondrial 
reasons not to use it.

What is it like?

The typical ketogenic diet, called the long-chain triglyceride diet, 
provides 3–4 grams of fat for every one gram of carbohydrate and 
protein. The dietician recommends a daily diet that contains 75 to 100 
calories for every kilogram (2.2 pounds) of body weight and 1–2 grams 
of protein for every kilogram of body weight. If this sounds complicated, 
it is. That’s why parents need a dietitian’s help.

A ketogenic diet ratio is the ratio of fat to carbohydrate and protein 
grams combined. A 4:1 ratio is stricter than a 3:1 ratio, and is typi-
cally used for most children. A 3:1 ratio is typically used for infants, 
adolescents, and children who require higher amounts of protein or 
carbohydrate for some other reason.

The kinds of foods that provide fat for the ketogenic diet are butter, 
heavy whipping cream, mayonnaise, and oils (canola or olive). Because 
the amount of carbohydrate and protein in the diet have to be restrict-
ed, it is very important that the meals be prepared carefully. No other 
sources of carbohydrates can be eaten. (Even toothpaste might have 
some sugar in it.). For this reason, the ketogenic diet is supervised by 
a dietician. The parents and the child become very familiar with what 
can and cannot be eaten.

What happens first?

Typically the diet is started in the hospital. The child usually begins 
by fasting (except for water) under close medical supervision for 24 
hours. For instance, the child might go into the hospital on Monday, 
start fasting at 6:00 p.m. and continue to have only water until 6:00 
a.m. on Tuesday. The diet is started at that point, either by slowly 
increasing the calories or the ratio. This is the typical Hopkins proto-
col. There is growing evidence that fasting is probably not necessary 
for long-term efficacy, although it does lead to quicker onset of keto-
sis. The primary reason for admission in most centers is to monitor 
for any increase in seizures on the diet, ensure all medications are 
carbohydrate-free, and educate the families.
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Does it work?

Several studies have shown that the ketogenic diet does reduce or 
prevent seizures in many children whose seizures could not be controlled 
by medications. Over half of children who go on the diet have at least a 
50% reduction in the number of their seizures. Some children, usually 
10–15%, even become seizure-free.

Children who are on the ketogenic diet continue to take seizure 
medicines. Some are able to take smaller doses or fewer medicines than 
before they started the diet, however. The time when medications can 
be lowered depends on the child and the comfort level of the neurolo-
gist. Evidence suggests it can be done as early as the diet initiation 
period safely in many circumstances.

If the person goes off the diet for even one meal, it may lose its good 
effect. So it is very important to stick with the diet as prescribed. It can 
be especially hard to follow the diet 100% if there are other children at 
home who are on a normal diet. Small children who have free access to 
the refrigerator are tempted by forbidden foods. Parents need to work 
as closely as possible with a dietician.

Are there any side effects?

A person starting the ketogenic diet may feel sluggish for a few days 
after the diet is started. This can worsen if a child is sick at the same 
time as the diet is started. Make sure to encourage carbohydrate-free 
fluids during illnesses.

Other side effects that might occur if the person stays on the diet 
for a long time are:

.

Because the diet does not provide all the vitamins and minerals found 
in a balanced diet, the dietician will recommend vitamin and mineral 
supplements. The most important of these are calcium and vitamin D 
(to prevent thinning of the bones), iron, and folic acid.
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There are no anticonvulsants that should be stopped while on the 
diet. Topamax (topiramate) and Zonegran (zonisamide) do not have a 
higher risk of acidosis or kidney stones while on the diet. Depakote 
(valproic acid) does not lead to carnitine deficiency or other difficulties 
while on the diet either. Medication levels do not change while on the 
diet according to recent studies.

How is the patient monitored over time?

Early on, the doctor will usually see the child every 1–3 months. 
Blood and urine tests are performed to make sure there are no medi-
cal problems. The height and weight are measured to see if growth 
has slowed down. As the child gains weight, the diet may need to be 
adjusted by the dietician.

Can the diet ever be stopped?

If seizures have been well controlled for some time, usually two 
years, the doctor might suggest going off the diet. Usually, the patient 
is gradually taken off the diet over several months or even longer. Just 
as happens if seizure medicines are stopped suddenly, seizures may 
become much worse if the ketogenic diet is stopped all at once. Chil-
dren usually continue to take seizure medicines after they go off the 
diet. In many situations, the diet has led to significant, but not total, 
seizure control. Families may choose to remain on the ketogenic diet 
for many years in these situations.

Where can I find out more information about the diet?

Other than the internet, there are several books about the ketogenic 
diet available. One is The Ketogenic Diet: A Treatment for Children 
and Others with Epilepsy, by Drs. Freeman and Kossoff, which dis-
cusses the Johns Hopkins approach and experience. The Charlie 
Foundation at www.charliefoundation.org and Matthew’s Friends 
at www.matthewsfriends.org are parent-run organizations for sup-
port.
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Section 51.4

Research Progress in Epilepsy
Excerpted from “Curing Epilepsy: The Promise of Research,” National In-
stitute of Neurological Disorders and Stroke (NINDS), NIH Publication 

No. 07–6120, April 24, 2009.

While the ultimate goal of curing epilepsy has not yet been achieved, 
researchers have made a great deal of progress. For example, the num-
ber of studies aimed at understanding how and why epilepsy develops 
has increased substantially, and researchers are banding together in 
collaborative efforts to overcome the limitations of individual research. 
Researchers also have identified a number of genes associated with 
epilepsy. Many technical advances, from improved brain imaging to 
the widespread use of micro-arrays, are allowing new insights. Partly 
as a result of these advances, a variety of new antiepileptic drugs and 
other treatments are now being tested in clinical studies.

Here is a look at how progress being made in laboratories, clinical 
settings, and voluntary groups across the country.

Discovering what creates epileptic seizures: To understand 
how to prevent, treat, and cure epilepsy, researchers first must learn 
how it develops. Where, how, when, and why do neurons begin to dis-
play the abnormal firing patterns that cause epileptic seizures? This 
process, known as epileptogenesis, is at the core of our understanding 
of epilepsy. Investigators are using a number of strategies to learn 
about epileptogenesis.

risk of others.

called astrocytes, play a central role in brain function and even 
produce the nerve-signaling chemical glutamate. Research has 
shown that glutamate produced by astrocytes can trigger seizures. 
This suggests that factors which impair astrocyte function, rang-
ing from genetic variations to brain damage from stroke or head 
injury, can cause epilepsy.
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The search for genes that increase the risk: Current science 
suggests that a majority of epilepsy syndromes involve multiple genes 
and variable symptoms. Most common epilepsies are probably the re-
sult of environmental factors acting in combination with genes. This 
would explain why there are so many epilepsy syndromes and may 
also explain why epilepsy is often associated with other disorders, 
neurological or otherwise.

New ways to observe brain chemistry and function dur-
ing seizures: Another challenge in epilepsy research is finding ways 
to identify when and where seizures begin in the brain. The search 
for epilepsy markers is complicated because there are multiple types 
of epilepsy. Also, investigators have a very limited knowledge of the 
processes that lead to chronic epilepsy. A number of laboratories are 
using transcranial magnetic stimulation (TMS) as a diagnostic and 
therapeutic tool for epilepsy. Many studies have shown that TMS can 
be used to measure excitability in this region.

Developing new treatments that eliminate seizures without 
side effects: Individuals with seizures that are not controlled by drugs 
or surgery make up approximately 25–30% of the epilepsy patient popu-
lation. Even when seizures are controlled, the quality of life for some 
people with epilepsy is severely affected by the long- and short-term side 
effects of medication or surgery. Fortunately, the improved understand-
ing of epilepsy resulting from research on epileptogenesis (how a normal 
brain develops epilepsy) has led to many potential new treatments. Some 
of these treatments are now in clinical trials, while others are still in 
early development. If these treatments work as anticipated, they should 
greatly improve the care of people with epilepsy.

Anticonvulsant Screening Program: Record numbers of research-
ers are continuing to search for new compounds that might be used to 
treat epilepsy. One of the largest drug screening programs is the National 
Institute of Neurological Disorders and Stroke (NINDS) Anticonvulsant 
Screening Program (ASP). The major goals of this program are to find 
safer, more effective antiepileptic compounds, to discover effective treat-
ments for patients with drug-resistant epilepsy, and to one day develop 
ways of stopping disease progression. The ASP screens an average of 700 
new chemicals each year, using both animal and laboratory tests.

Surgery: Researchers have greatly refined surgical treatment of 
epilepsy in the past decade. Many investigators now consider surgery 
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the most suitable option for many people with epilepsy that is not well 
controlled by drug therapy. Surgery is currently the only treatment 
that can truly cure epilepsy, at least in some people. Technological 
improvements in imaging techniques are some of the most important 
factors for increasing the success of epilepsy surgery. Improvements 
in hardware, software, and data acquisition and storage have also 
increased the usefulness of surgery.

New developments in neuroimaging have made it possible to identify 
the brain regions where seizures begin in many people who were not 
formerly considered good candidates for surgery. One study showed that 
using magnetic resonance spectroscopy to identify specific chemical ab-
normalities in the brain can predict the success of surgery in temporal 
lobe epilepsy but not neocortical epilepsy. Another study found that 
single photon emission computed tomography (SPECT) was superior 
to photo emission tomography (PET) in the imaging of receptors for the 
neurotransmitter acetylcholine, which made it better for identifying 
where seizures begin. Several studies have now shown that focal surgery 
in properly selected patients with tuberous sclerosis can have excellent 
results if the seizure focus is carefully located by electrophysiology.

Brain stimulation: Many studies have shown that brain stimula-
tion can reduce seizures in some people with epilepsy. Several types 
of brain stimulation other than (vagus nerve stimulation) are now be-
ing tested for epilepsy. These include chronic deep brain stimulation, 
trigeminal nerve stimulation, transcranial magnetic stimulation, and 
transcranial direct current stimulation.

Therapies to predict or interrupt seizures: A major new area 
in epilepsy investigation is developing systems that anticipate epi-
leptic seizures and then deliver a therapy to stop them. For example, 
researchers might be able to use electrical stimulation, a local drug 
infusion, or cooling of one part of the brain to arrest seizures. This 
type of therapy could be very useful for people who don’t respond well 
to standard epilepsy treatments and who are not good candidates 
for surgery. However, the success of seizure-interrupting treatment 
depends upon the development of methods to detect patterns of brain 
activity that predict seizures. One seizure-interrupting device, called 
a responsive neurostimulator system, is now being tested in a multi-
center clinical trial of patients with temporal lobe epilepsy, bi-temporal 
epilepsy, and neocortical epilepsy. This therapy uses a pacemaker-like 
device implanted in the brain to deliver a small amount of electricity 
when it detects the onset of a seizure.
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Epilepsy affects an estimated 2.5 million people in the United 
States and each year accounts for $15.5 billion in direct costs (medi-
cal) and indirect costs (lost or reduced earnings and productivity). 
More than one-third of people with epilepsy continue to have seizures 
despite treatment. Each year, about 200,000 new cases of epilepsy 
are diagnosed in the United States with children younger than two 
years of age and adults older than 65 most likely to be affected. In 
addition, people of low socioeconomic status, those who live in urban 
areas, and members of some minority populations are at increased 
risk for epilepsy.

Delayed recognition of seizures and inadequate treatment, which 
may result from lack of specialty care, greatly increases a person’s risk 
for subsequent seizures, brain damage, disability, and death from inju-
ries incurred during a seizure. Epilepsy is a widely recognized health 
condition, but one that is poorly understood by the public, even among 
people who know someone with the disorder. Lack of knowledge about 
the causes of epilepsy has been associated with negative attitudes, 
beliefs, and stigma. Lack of understanding about epilepsy is a leading 
cause of discrimination in the workplace and in schools.

This chapter begins with excerpts from “At a Glance: Targeting Epilepsy,” 
Centers for Disease Control and Prevention (CDC), 2009; and concludes with 
excerpts from “Seizures and Epilepsy: Hope through Research,” National Insti-
tute of Neurological Disorders (NINDS), NIH Publication No. 04–156, updated 
February 9, 2010.

Living with Epilepsy

Chapter 52
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During the past 14 years, the Centers for Disease Control and 
Prevention (CDC) Epilepsy Program has steadily increased its abil-
ity to effectively address public health issues related to epilepsy. The 
program works to protect the health of people living with epilepsy, 
improve the quality of life of people living with this condition, and 
decrease the stigma associated with the disorder. To achieve these 
goals, the program has established national and local partnerships to 
increase public awareness and deliver targeted educational messages. 
The Epilepsy Program supports activities in several key areas, includ-
ing communication, education, and self-management.

Communication and education: CDC has a long-standing part-
nership with the national Epilepsy Foundation to conduct multifac-
eted public education and awareness campaigns. These campaigns 
are designed to increase awareness about and acceptance of people 
with epilepsy and to counteract the social stigma associated with this 
disorder through education and community programs.

In 2000, CDC developed the tool kit No Label Required for teen-
agers with epilepsy to help them make informed decisions about 
issues of greatest concern in their lives. Building on the success of 
this tool kit, CDC worked with the Epilepsy Foundation to develop 
and test an award-winning tool kit for parents, You Are Not Alone: 
Toolkit for Parents of Teens with Epilepsy. Tool kit components are 
designed to empower and support parents while encouraging their 
teenagers toward self-management and are available at http://www.
cdc.gov/epilepsy.

Self-management and mental health: Improving the ability of 
people with epilepsy to better manage the disorder is a priority for 
CDC’s Epilepsy Program. In 2008, a computer-based, theory-driven 
epilepsy self-management program developed for adults with epilepsy 
was found to be an effective management tool.

How Does Epilepsy Affect Daily Life?

Most people with epilepsy lead outwardly normal lives. Approxi-
mately 80% can be significantly helped by modern therapies, and some 
may go months or years between seizures. However, the condition 
can and does affect daily life for people with epilepsy, their family, 
and their friends. People with severe seizures that resist treatment 
have, on average, a shorter life expectancy and an increased risk of 
cognitive impairment, particularly if the seizures developed in early 
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childhood. These impairments may be related to the underlying con-
ditions that cause epilepsy or to epilepsy treatment rather than the 
epilepsy itself.

Behavior and emotions: It is not uncommon for people with epi-
lepsy, especially children, to develop behavioral and emotional prob-
lems. Families must learn to accept and live with the seizures without 
blaming or resenting the affected person. Counseling services can help 
families cope with epilepsy in a positive manner. Epilepsy support 
groups also can help by providing a way for people with epilepsy and 
their family members to share their experiences, frustrations, and tips 
for coping with the disorder.

People with epilepsy have an increased risk of poor self-esteem, 
depression, and suicide. These problems may be a reaction to a lack of 
understanding or discomfort about epilepsy that may result in cruelty 
or avoidance by other people. Many people with epilepsy also live with 
an ever-present fear that they will have another seizure.

Driving and recreation: For many people with epilepsy, the risk 
of seizures restricts their independence, in particular the ability to 
drive. Most states and the District of Columbia will not issue a driver’s 
license to someone with epilepsy unless the person can document that 
they have gone a specific amount of time without a seizure (the waiting 
period varies from a few months to several years). The risk of seizures 
also restricts people’s recreational choices. For instance, people with 
epilepsy should not participate in sports such as skydiving or mo-
tor racing where a moment’s inattention could lead to injury. Other 
activities, such as swimming and sailing, should be done only with 
precautions and supervision. However, jogging, football, and many 
other sports are reasonably safe for a person with epilepsy. Studies to 
date have not shown any increase in seizures due to sports, although 
these studies have not focused on any activity in particular. There is 
some evidence that regular exercise may even improve seizure control 
in some people. Sports are often such a positive factor in life that it is 
best for the person to participate, although the person with epilepsy 
and the coach or other leader should take appropriate safety precau-
tions. It is important to take steps to avoid potential sports-related 
problems such as dehydration, overexertion, and hypoglycemia, as 
these problems can increase the risk of seizures.

Education and employment: By law, people with epilepsy or 
other handicaps in the United States cannot be denied employment 
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or access to any educational, recreational, or other activity because 
of their seizures. However, one survey showed that only about 56% of 
people with epilepsy finish high school and about 15% finish college—
rates much lower than those for the general population. The same 
survey found that about 25% of working-age people with epilepsy are 
unemployed. These numbers indicate that significant barriers still ex-
ist for people with epilepsy in school and work. Restrictions on driving 
limit the employment opportunities for many people with epilepsy, 
and many find it difficult to face the misunderstandings and social 
pressures they encounter in public situations. Antiepileptic drugs also 
may cause side effects that interfere with concentration and memory. 
Children with epilepsy may need extra time to complete schoolwork, 
and they sometimes may need to have instructions or other informa-
tion repeated for them. Teachers should be told what to do if a child 
in their classroom has a seizure, and parents should work with the 
school system to find reasonable ways to accommodate any special 
needs their child may have.

Pregnancy and motherhood: Women with epilepsy are often con-
cerned about whether they can become pregnant and have a healthy 
child. This is usually possible. While some seizure medications and 
some types of epilepsy may reduce a person’s interest in sexual activ-
ity, most people with epilepsy can become pregnant. Moreover, women 
with epilepsy have a 90% or better chance of having a normal, healthy 
baby, and the risk of birth defects is only about 4–6%. The risk that 
children of parents with epilepsy will develop epilepsy themselves is 
only about 5% unless the parent has a clearly hereditary form of the 
disorder.

There are several precautions women can take before and during 
pregnancy to reduce the risks associated with pregnancy and delivery. 
Women who are thinking about becoming pregnant should talk with 
their doctors to learn any special risks associated with their epilepsy 
and the medications they may be taking. Some seizure medications, 
particularly valproate, trimethadione, and phenytoin, are known to in-
crease the risk of having a child with birth defects such as cleft palate, 
heart problems, or finger and toe defects. For this reason, a woman’s 
doctor may advise switching to other medications during pregnancy. 
Whenever possible, a woman should allow her doctor enough time to 
properly change medications, including phasing in the new medications 
and checking to determine when blood levels are stabilized, before she 
tries to become pregnant. Women should also begin prenatal vitamin 
supplements—especially with folic acid, which may reduce the risk of 
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some birth defects—well before pregnancy. Women who discover that 
they are pregnant but have not already spoken with their doctor about 
ways to reduce the risks should do so as soon as possible. However, 
they should continue taking seizure medication as prescribed until 
that time to avoid preventable seizures. Seizures during pregnancy 
can harm the developing baby or lead to miscarriage, particularly if 
the seizures are severe. Nevertheless, many women who have seizures 
during pregnancy have normal, healthy babies.

The frequency of seizures during pregnancy may be influenced by 
a variety of factors, including the woman’s increased blood volume 
during pregnancy, which can dilute the effect of medication. Women 
should have their blood levels of seizure medications monitored closely 
during and after pregnancy, and the medication dosage should be 
adjusted accordingly.

Pregnant women with epilepsy should take prenatal vitamins and 
get plenty of sleep to avoid seizures caused by sleep deprivation. They 
also should take vitamin K supplements after 34 weeks of pregnancy 
to reduce the risk of a blood-clotting disorder in infants called neonatal 
coagulopathy that can result from fetal exposure to epilepsy medica-
tions. Finally, they should get good prenatal care; avoid tobacco, caf-
feine, alcohol, and illegal drugs; and try to avoid stress.

Labor and delivery usually proceed normally for women with epilepsy, 
although there is a slightly increased risk of hemorrhage, eclampsia, 
premature labor, and cesarean section. Doctors can administer antiepi-
leptic drugs intravenously and monitor blood levels of anticonvulsant 
medication during labor to reduce the risk that the labor will trigger 
a seizure. Babies sometimes have symptoms of withdrawal from the 
mother’s seizure medication after they are born, but these problems 
wear off in a few weeks or months and usually do not cause serious or 
long-term effects. A mother’s blood levels of anticonvulsant medication 
should be checked frequently after delivery as medication often needs 
to be decreased.

Epilepsy medications need not influence a woman’s decision about 
breastfeeding her baby. Only minor amounts of epilepsy medications 
are secreted in breast milk, usually not enough to harm the baby 
and much less than the baby was exposed to in the womb. On rare 
occasions, the baby may become excessively drowsy or feed poorly, 
and these problems should be closely monitored. However, experts 
believe the benefits of breastfeeding outweigh the risks except in rare 
circumstances.

To increase doctors’ understanding of how different epilepsy medi-
cations affect pregnancy and the chances of having a healthy baby, 
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Massachusetts General Hospital has begun a nationwide registry for 
women who take antiepileptic drugs while pregnant. Women who en-
roll in this program are given educational materials on preconception 
planning and perinatal care and are asked to provide information 
about the health of their children (this information is kept confiden-
tial). Women and physicians can contact this registry by calling 888-
233-2334 or 617-726-1742 (Fax: 617-724-8307).

Women with epilepsy should be aware that some epilepsy medica-
tions can interfere with the effectiveness of oral contraceptives. Women 
who wish to use oral contraceptives to prevent pregnancy should dis-
cuss this with their doctors, who may be able to prescribe a different 
kind of antiepileptic medication or suggest other ways of avoiding an 
unplanned pregnancy.
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Section 53.1

Physiologic and 
Psychogenic Nonepileptic Seizures

This section begins with “The Truth about Psychogenic NonEpileptic Sei-
zures,” © 2005 Epilepsy.com. All rights reserved. Reprinted with permis-
sion. Updated in January, 2010 by David A. Cooke, MD, FACP, Diplomate, 
American Board of Internal Medicine. Text continues with “Study Finds 
Cognitive Behavioral Therapy Can Alleviate Nonepileptic Seizures, April 
15, 2009.” © 2009 Lifespan (www.lifespan.org). All rights reserved. Re-
printed with permission.

The Truth about Psychogenic Nonepileptic Seizures

Psychogenic nonepileptic seizures (PNES) are an uncomfortable 
topic, one which is difficult for both patients and health care profession-
als to discuss as well as treat, and yet it is estimated that PNES are 
diagnosed in 20–30% of patients seen at epilepsy centers for intractable 
seizures.1 Moreover, in the general population the prevalence rate is 
2–33 per 100,000, making PNES nearly as prevalent as multiple scle-
rosis or trigeminal neuralgia.2 Despite these startling statistics, PNES 
has largely remained a conversation held behind closed doors and in 
hushed tones throughout the medical community—until now.

“In addition to being common, psychogenic symptoms pose an uncom-
fortable and often frustrating challenge, both in diagnosis and manage-
ment,” said Selim R. Benbadis, MD, Director of Comprehensive Epilepsy 
Program, Professor, Departments of Neurology and Neurosurgery, Uni-
versity of South Florida and Tampa General Hospital. Benbadis is a 
leading pioneer in the study of PNES and has openly encouraged both 
the psychiatric and neurological community to broaden their clinical 
knowledge base when diagnosing and treating patients with PNES. In 
an editorial published in Epilepsy & Behavior, Benbadis wrote, “The 
American Psychiatric Association has abundant written patient edu-
cation material available on diverse topics, but none on somatoform 
disorders. Psychogenic symptoms are also not the subject of much clini-
cal research. Thus, there seems to be a severe disconnect between the 
frequency of the problem and the amount of attention devoted to it.”3
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Misdiagnosis

Benbadis also contends that the misdiagnosis of epilepsy in patients 
with PNES is common. In fact, approximately 25% of patients who 
have a previous diagnosis of epilepsy and are not responding to drug 
therapy are found to be misdiagnosed. “Unfortunately, once the diag-
nosis of epilepsy is made, it is easily perpetuated without being ques-
tioned, which explains the usual diagnostic delay and cost associated 
with PNES.” It is important to note that the diagnosis of PNES may 
be difficult initially for several reasons. First, physicians are taught 
almost exclusively to consider (and exclude) physical disorders as the 
cause of physical symptoms. Furthermore, physicians are more likely 
to treat for the more serious condition if they are in doubt of the diag-
nosis, which explains why many patients misdiagnosed with epilepsy 
are prescribed antiepileptic drugs. Second, the diagnosis of seizures 
depends largely on the observations of others who may not be trained 
to notice the subtle differences between an epileptic and nonepileptic 
seizure. Third, many physicians do not have access to electroencepha-
logram (EEG)-video monitoring, which has to be performed by an epi-
leptologist (a neurologist that specializes in epilepsy).

Editor’s note: Dr. David A. Cooke notes that the situation is compli-
cated by the fact that up to 50% of patients with PNES also, in fact, 
do have epilepsy as well, and they may be having both epileptic and 
nonepileptic spells. (David A. Cooke, MD, FACP, Diplomate, American 
Board of Internal Medicine, January, 2010.)

What Exactly Are PNES?

PNES are attacks that may look like epileptic seizures, but are not 
caused by abnormal brain electrical discharges. They are a manifes-
tation of psychological distress. Frequently, patients with PNES may 
look like they are experiencing generalized convulsions similar to tonic 
clonic seizures with falling and shaking. Less frequently, PNES may 
mimic absence seizures or complex partial seizures with temporary 
loss of attention or staring. A physician may suspect PNES when the 
seizures have unusual features such as type of movements, duration, 
triggers, and frequency.4

What Causes PNES?

A specific traumatic event, such as physical or sexual abuse, incest, 
divorce, death of a loved one, or other great loss or sudden change, 
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can be identified in many patients with PNES. By definition, PNES 
are a physical manifestation of a psychological disturbance and are a 
type of somatoform disorder called a conversion disorder.1 Somatoform 
disorders are those conditions that are suggestive of a physical disor-
der, but upon examination cannot be accounted for by an underlying 
physical condition. Conversion disorder is a somatoform disorder that 
is defined as physical symptoms caused by psychologic conflict, uncon-
sciously converted to resemble those of a neurologic disorder. Conver-
sion disorder tends to develop during adolescence or early adulthood 
but may occur at any age. It appears to be somewhat more common 
among women.5

How Are PNES Diagnosed?

According to Benbadis, while EEGs are helpful in the diagnosis of 
epilepsy, they are often normal in patients with proven epilepsy and 
should not be used alone as a diagnostic tool for epilepsy. The most 
reliable test to make the diagnosis of PNES is EEG-video monitoring. 
During a video-EEG, the patient is monitored (over a time-period span-
ning anywhere from several hours to several days) with both a video 
camera and an EEG until a seizure occurs. Through analysis of the 
video and EEG recordings, the diagnosis of PNES can be made with 
near certainty. Upon diagnosis, the patient will usually be referred to 
a psychiatrist for further care.

Treatment Issues

“Somatoform disorders are very difficult to treat because as soon as 
you extinguish one symptom another one pops up. These disorders con-
sume a lot of time and money and tend to invoke a tremendous amount 
of frustration on the part of the health care professionals working 
with this population,” said Susan Kelley, PhD, Professor of Behavioral 
Health at the University of South Florida, Tampa, and psychotherapist 
in private practice. Kelley has been able to circumvent this frustration 
as she has adopted a trauma-focused clinical approach, which not only 
serves her well as a clinician, but also helps her patients with PNES 
to overcome their seizures. “For some patients with psychogenic non-
epileptic seizures, the seizures are a manifestation of trauma, which is 
also known as post-traumatic stress disorder (PTSD). In order to treat 
patients with PTSD, the clinician has to take the seizure apart to see 
what the seizure represents in terms of emotions and memory as well 
as where this trauma is stored in the body.” She postulates that when 
a person experiences trauma such as physical abuse, sexual abuse, 
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witnessing violence, his or her body can absorb this trauma. Therefore, 
a seizure is the body’s way of expressing what the mind and mouth 
cannot. What Kelley has found to be the most effective treatment for 
PNES is a therapeutic technique called eye movement desensitization 
and reprocessing (EMDR).

EMDR integrates elements of many psychotherapies including: 
psychodynamic, cognitive behavioral, interpersonal, experiential, and 
body-centered therapies. During EMDR the client attends to past and 
present experiences in brief sequential doses while simultaneously 
focusing on an external stimulus. Then the client is instructed to let 
new material become the focus of the next set of dual attention. This 
sequence of dual attention and personal association is repeated many 
times in the session.6

Dealing with the Stigma Associated with Psychiatric Dis-
orders

Understandably, many patients’ first reactions upon hearing they 
have PNES, and not epilepsy, is one of disbelief, denial, and confusion. 
That is because mental health issues come with highly stigmatized 
labels such as crazy, insane, and so forth. These stigmas are embedded 
in our language and even more deeply in our unconscious belief system. 
However, people with PNES are not crazy or insane. Some of them are 
victims of trauma and their recovery from the trauma as well as the 
seizures depends largely on their ability to overcome the stigma and 
follow-up with a mental health professional. “PNES is a real condi-
tion that arises in response to real stressors. These seizures are not 
consciously produced and are not the patient’s fault,” said Benbadis. 
Kelley agreed and said, “We need to take the shame and stigma away 
associated with psychiatric illnesses and instead focus on the fact 
that many people with PNES have a trauma history. It is so vital for 
people suffering with PNES to know that there is hope and that PNES 
is treatable through such techniques as EMDR.” While EMDR works 
for patients with PNES who have experienced trauma it does not work 
with patients who have not. Kelley emphasizes the need for “greater 
cooperation and collaboration among the neurology, psychiatry, and 
psychology disciplines, so that we can find more treatments that will 
bring relief to these patients.”

Research

In his latest study, Benbadis and colleagues examined the relation-
ship between chronic pain or fibromyalgia and psychogenic seizures. 
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They designated two groups: (1) patients who had been diagnosed with 
fibromyalgia or chronic pain, and (2) patients who had a seizure during 
their visit, either in the waiting room or in the examining room. Ben-
badis et al. derived their data from the records of all patients evaluated 
over five years in a single epilepsy clinic for refractory seizures as well 
as through EEG-video monitoring. In the first group, they identified 
28 patients with a diagnosis of fibromyalgia and eight with a diagno-
sis of chronic pain. After EEG-video monitoring, 27 were diagnosed 
with PNES. In the second group, they identified 13 patients who had 
a seizure during their clinic visit. After EEG-video monitoring, ten 
were diagnosed with PNES. “These findings suggest that a history of 
fibromyalgia or chronic pain and the occurrence of an episode during 
the visit both have a high predictive value (75% each) and a very high 
specificity (99%) for an eventual diagnosis of PNES,” said Benbadis. 
He speculates that the association between chronic pain and PNES 
may be “because chronic discomfort can cause psychological distress, 
which may result in PNES.” He also points out that another possibil-
ity is that “fibromyalgia and chronic pain are loosely made diagnoses 
that are largely psychogenic in themselves.”

Whether fibromyalgia and chronic pain are largely psychogenic in 
nature remains a highly controversial subject. Some researchers believe 
fibromyalgia is a disorder of central processing with neuroendocrine/
neurotransmitter dysregulation. While others in the medical community 
strongly believe fibromyalgia and chronic pain are psychogenic in their 
etiology since there is no clear underlying medical cause. Currently, the 
rift between these two schools of thought still remains.

If you would like more information regarding PNES you may go to: 
http://hsc.usf.edu/COM/epilepsy/PNESbrochure.pdf.

References

1. Benbadis SR, A spell in the epilepsy clinic and a history of 
“chronic pain” or “fibromyalgia” independently predict a diag-
nosis of psychogenic seizures. Epilepsy Behav 2005(6):264–265.

2. Benbadis SR, Psychogenic Seizures. http://www.emedicine.com/
NEURO/topic403.htm.

3. Benbadis SR, The problem of psychogenic symptoms: is the 
psychiatric community in denial? Epilepsy Behav 2005(6): 9–14.

4. Benbadis SR, Heriaud L., Psychogenic (Non-Epileptic) Sei-
zures, a Guide for Families and Patients. http://hsc.usf.edu/
COM/epilepsy/PNESbrochure.pdf.



553

Nonepileptic Seizures

5. The Merck Manual of Therapy and Diagnosis, Section 15, 
Chapter 186, Conversion Disorder. www.merck.com.

6. EMDR Institute Inc., A Brief Description of EMDR. http://
www.emdr.com/briefdes.htm.

Study Finds Cognitive Behavioral Therapy Can Alleviate 
Nonepileptic Seizures

Researchers at Rhode Island Hospital have found that cognitive be-
havioral therapy (CBT) can reduce the frequency of seizures in patients 
with psychogenic nonepileptic seizures (PNES), along with improving 
their overall quality of life. The study was published in Epilepsy & 
Behavior.

Key findings of Rhode Island Hospital study:

seizures

PNES improve

PNES is a condition that is marked by seizures resembling epileptic 
seizures. Unlike epilepsy, however, seizures in patients with PNES are 
not caused by the same brain cell firing that occurs with epilepsy. Es-
timates indicate that approximately 20–30% of patients who are seen 
in epilepsy centers actually suffer from PNES as opposed to epilepsy. 
Patients who suffer from PNES often exhibit a higher incidence of 
symptoms such as anxiety and depression than patients with epilepsy, 
along with a reduced quality of life due to the effect of the seizures 
themselves. It is recognized, however, that conditions such as anxiety 
and depression often respond well to CBT. To date, treatment trials for 
PNES are few, despite the disabling nature of the disorder.

With this in mind, senior author W. Curt LaFrance, Jr., MD, MPH, 
director of the division of neuropsychiatry and behavioral neurology at 
Rhode Island Hospital, developed a CBT for PNES treatment manual. 
Modified from a CBT for patients with epilepsy workbook, the treat-
ment manual has been developed over the past five years to address 
core issues in patients with PNES. LaFrance, who is also an assistant 
professor of psychiatry and neurology (research) at the Warren Alpert 
Medical School of Brown University, worked with colleagues at Rhode 
Island Hospital’s comprehensive epilepsy center to conduct an open,
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prospective clinical trial assessing the outcomes of outpatients with 
video-electroencephalogram (EEG)-confirmed PNES who were treated 
using the CBT for PNES manual.

LaFrance and the researchers have outlined a clinical model for 
management of PNES, where a key component is to identify precur-
sors, precipitants, and perpetuating factors of the seizures. LaFrance 
says, “Based on the tendency of patients with PNES to somatize (to 
manifest mental pain as pain in one’s body), we hypothesized that 
identifying and modifying cognitive distortions and environmental 
triggers for PNES would reduce PNES.”

The researchers then identified patients who were referred to the 
Rhode Island Hospital neuropsychiatry/behavioral neurology clinic 
after being diagnosed with PNES and at least one typical PNES was 
captured on video EEG. Of the 101 patients who were assessed for eli-
gibility, 21 patients met the criteria or agreed to participate. Of those 
21, 17 completed the 12-week session of CBT intervention and were 
included in the analysis.

LaFrance notes that the results of the clinical trial showed the 
CBT to be effective in terms of reducing the frequency of PNES. He 
notes, “Upon completion of the CBT, 16 of the 21 participants reported 
a 50%reduction in seizure frequency, and 11 of the 17 who completed 
the CBT reported no seizures per week by their final CBT session.” He 
also points out, “treating the seizure is not the sum total of treating 
the patient with a seizure disorder, so we assessed other important 
measures, as well.” The evaluation of quality of life scores, as well as 
assessments of depression, anxiety, somatic symptoms, and psycho-
social functioning also showed statistically significant improvement 
from baseline to final session.

The doctor concludes, “In this small clinical trial, treatment with the 
CBT for PNES program appears to be a beneficial approach in helping 
patients with PNES reduce their seizure frequency and significantly 
improve quality of life. We have also seen patients referred with other 
somatoform disorders, such as psychogenic movement disorders, re-
spond to the treatment.” The results of this trial will be used for an 
upcoming National Institutes of Health proposal for a multi-center 
randomized controlled trial for PNES.
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Section 53.2

Febrile Seizures
Excerpted from “Febrile Seizures Fact Sheet,” 

National Institute of Neurological Disorders and Stroke (NINDS), 
NIH Publication No. 06–3930, updated February 9, 2010.

Febrile seizures are convulsions brought on by a fever in infants or 
small children. During a febrile seizure, a child often loses conscious-
ness and shakes, moving limbs on both sides of the body. Less com-
monly, the child becomes rigid or has twitches in only a portion of the 
body, such as an arm or a leg, or on the right or the left side only. Most 
febrile seizures last a minute or two, although some can be as brief as 
a few seconds while others last for more than 15 minutes.

The majority of children with febrile seizures have rectal tempera-
tures greater than 102 degrees Fahrenheit (F). Most febrile seizures 
occur during the first day of a child’s fever. Children prone to febrile 
seizures are not considered to have epilepsy, since epilepsy is charac-
terized by recurrent seizures that are not triggered by fever.

Approximately one in every 25 children will have at least one febrile 
seizure, and more than one-third of these children will have additional 
febrile seizures before they outgrow the tendency to have them. Febrile 
seizures usually occur in children between the ages of six months and 
five years and are particularly common in toddlers.

A few factors appear to boost a child’s risk of having recurrent fe-
brile seizures, including young age (less than 15 months) during the 
first seizure, frequent fevers, and having immediate family members 
with a history of febrile seizures. If the seizure occurs soon after a 
fever has begun or when the temperature is relatively low, the risk of 
recurrence is higher. A long initial febrile seizure does not substantially 
boost the risk of recurrent febrile seizures, either brief or long.

Although they can be frightening to parents, the vast majority of 
febrile seizures are harmless. There is no evidence that febrile seizures 
cause brain damage. Even in the rare instances of very prolonged sei-
zures (more than one hour), most children recover completely. Between 
95%–98% of children who have experienced febrile seizures do not go 
on to develop epilepsy.
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Diagnosis: Before diagnosing febrile seizures in infants and chil-
dren, doctors sometimes perform tests to be sure that seizures are not 
caused by something other than simply the fever itself. For example, if 
a doctor suspects the child has meningitis, a spinal tap may be needed. 
If there has been severe diarrhea or vomiting, dehydration could be 
responsible for seizures.

Prevention: If a child has a fever most parents will use fever-
lowering drugs such as acetaminophen or ibuprofen to make the child 
more comfortable, although there are no studies that prove that this 
will reduce the risk of a seizure.

Children especially prone to febrile seizures may be treated with 
the drug diazepam orally or rectally, whenever they have a fever. The 
majority of children with febrile seizures do not need to be treated 
with medication, but in some cases a doctor may decide that medicine 
given only while the child has a fever may be the best alternative. This 
medication may lower the risk of having another febrile seizure.
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Myoclonus describes a symptom and generally is not a diagnosis 
of a disease. It refers to sudden, involuntary jerking of a muscle or 
group of muscles. Myoclonic twitches or jerks usually are caused by 
sudden muscle contractions, called positive myoclonus, or by muscle 
relaxation, called negative myoclonus. Myoclonic jerks may occur 
alone or in sequence, in a pattern or without pattern. They may oc-
cur infrequently or many times each minute. Myoclonus sometimes 
occurs in response to an external event or when a person attempts to 
make a movement. The twitching cannot be controlled by the person 
experiencing it.

In its simplest form, myoclonus consists of a muscle twitch fol-
lowed by relaxation. A hiccup is an example of this type of myoclonus. 
Other familiar examples of myoclonus are the jerks or sleep starts 
that some people experience while drifting off to sleep. These simple 
forms of myoclonus occur in normal, healthy persons and cause no 
difficulties. When more widespread, myoclonus may involve persis-
tent, shock-like contractions in a group of muscles. In some cases, 
myoclonus begins in one region of the body and spreads to muscles 
in other areas. More severe cases of myoclonus can distort movement 
and severely limit a person’s ability to eat, talk, or walk. These types 
of myoclonus may indicate an underlying disorder in the brain or 
nerves.

Excerpted from “Myoclonus Fact Sheet,” National Institute of Neurological 
Disorders and Stroke (NINDS), NIH Publication No. 00–4793, December 18, 
2009.

Chapter 54

Myoclonus: 
Involuntary Muscle Jerking
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What are the causes of myoclonus?

Myoclonus may develop in response to infection, head or spinal 
cord injury, stroke, brain tumors, kidney or liver failure, lipid storage 
disease, chemical or drug poisoning, or other disorders. Prolonged 
oxygen deprivation to the brain, called hypoxia, may result in post-
hypoxic myoclonus. Myoclonus can occur by itself, but most often it 
is one of several symptoms associated with a wide variety of nervous 
system disorders. For example, myoclonic jerking may develop in pa-
tients with multiple sclerosis, Parkinson disease, Alzheimer disease, or 
Creutzfeldt-Jakob disease. Myoclonic jerks commonly occur in persons 
with epilepsy, a disorder in which the electrical activity in the brain 
becomes disordered leading to seizures.

What are the types of myoclonus?

Classifying the many different forms of myoclonus is difficult be-
cause the causes, effects, and responses to therapy vary widely. Fol-
lowing are the types most commonly described.

Action myoclonus is characterized by muscular jerking triggered 
or intensified by voluntary movement or even the intention to move. 
It may be made worse by attempts at precise, coordinated movements. 
Action myoclonus is the most disabling form of myoclonus and can 
affect the arms, legs, face, and even the voice. This type of myoclonus 
often is caused by brain damage that results from a lack of oxygen 
and blood flow to the brain when breathing or heartbeat is temporar-
ily stopped.

Cortical reflex myoclonus is thought to be a type of epilepsy 
that originates in the cerebral cortex—the outer layer, or gray mat-
ter, of the brain, responsible for much of the information processing 
that takes place in the brain. In this type of myoclonus, jerks usually 
involve only a few muscles in one part of the body, but jerks involving 
many muscles also may occur. Cortical reflex myoclonus can be inten-
sified when individuals attempt to move in a certain way or perceive 
a particular sensation.

Essential myoclonus occurs in the absence of epilepsy or other 
apparent abnormalities in the brain or nerves. It can occur randomly 
in people with no family history, but it also can appear among members 
of the same family, indicating that it sometimes may be an inherited 
disorder. Essential myoclonus tends to be stable without increasing 
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in severity over time. In some families, there is an association of es-
sential myoclonus, essential tremor, and even a form of dystonia, called 
myoclonus dystonia. Other forms of essential myoclonus may be a type 
of epilepsy with no known cause.

Palatal myoclonus is a regular, rhythmic contraction of one or 
both sides of the rear of the roof of the mouth, called the soft pal-
ate. These contractions may be accompanied by myoclonus in other 
muscles, including those in the face, tongue, throat, and diaphragm. 
The contractions are very rapid, occurring as often as 150 times a 
minute, and may persist during sleep. The condition usually appears 
in adults and can last indefinitely. People with palatal myoclonus usu-
ally regard it as a minor problem, although some occasionally complain 
of a clicking sound in the ear, a noise made as the muscles in the soft 
palate contract.

Progressive myoclonus epilepsy (PME) is a group of diseases 
characterized by myoclonus, epileptic seizures, and other serious symp-
toms such as trouble walking or speaking. These rare disorders often 
get worse over time and sometimes are fatal. Studies have identified 
many forms of PME. Lafora body disease is inherited as an autosomal 
recessive disorder, meaning that the disease occurs only when a child 
inherits two copies of a defective gene, one from each parent. Lafora 
body disease is characterized by myoclonus, epileptic seizures, and 
dementia (progressive loss of memory and other intellectual functions). 
A second group of PME diseases belonging to the class of cerebral 
storage diseases usually involves myoclonus, visual problems, demen-
tia, and dystonia (sustained muscle contractions that cause twisting 
movements or abnormal postures). Another group of PME disorders 
in the class of system degenerations often is accompanied by action 
myoclonus, seizures, and problems with balance and walking. Many 
of these PME diseases begin in childhood or adolescence.

Reticular reflex myoclonus is thought to be a type of general-
ized epilepsy that originates in the brain stem, the part of the brain 
that connects to the spinal cord and controls vital functions such as 
breathing and heartbeat. Myoclonic jerks usually affect the whole 
body, with muscles on both sides of the body affected simultaneously. 
In some people, myoclonic jerks occur in only a part of the body, such 
as the legs, with all the muscles in that part being involved in each 
jerk. Reticular reflex myoclonus can be triggered by either a voluntary 
movement or an external stimulus.
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Stimulus-sensitive myoclonus is triggered by a variety of ex-
ternal events, including noise, movement, and light. Surprise may 
increase the sensitivity of the individual.

Sleep myoclonus occurs during the initial phases of sleep, espe-
cially at the moment of dropping off to sleep. Some forms appear to 
be stimulus-sensitive. Some persons with sleep myoclonus are rarely 
troubled by, or need treatment for, the condition. However, myoclonus 
may be a symptom in more complex and disturbing sleep disorders, 
such as restless legs syndrome, and may require treatment by a doc-
tor.

What do scientists know about myoclonus?

Although rare cases of myoclonus are caused by an injury to the 
peripheral nerves (defined as the nerves outside the brain and spinal 
cord, or the central nervous system), most myoclonus is caused by a 
disturbance of the central nervous system. Studies suggest that several 
locations in the brain are involved in myoclonus. One such location, for 
example, is in the brain stem close to structures that are responsible for 
the startle response, an automatic reaction to an unexpected stimulus 
involving rapid muscle contraction.

How is myoclonus treated?

Treatment of myoclonus focuses on medications that may help re-
duce symptoms. The drug of first choice to treat myoclonus, especially 
certain types of action myoclonus, is clonazepam, a type of tranquil-
izer. Dosages of clonazepam usually are increased gradually until the 
individual improves or side effects become harmful. Drowsiness and 
loss of coordination are common side effects. The beneficial effects of 
clonazepam may diminish over time if the individual develops a toler-
ance for the drug.

Many of the drugs used for myoclonus, such as barbiturates, leve-
tiracetam, phenytoin, and primidone, are also used to treat epilepsy. 
Barbiturates slow down the central nervous system and cause tran-
quilizing or antiseizure effects. Phenytoin, levetiracetam, and primi-
done are effective antiepileptic drugs, although phenytoin can cause 
liver failure or have other harmful long-term effects in individuals 
with PME. Sodium valproate is an alternative therapy for myoclonus 
and can be used either alone or in combination with clonazepam. Al-
though clonazepam and sodium valproate are effective in the majority
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of people with myoclonus, some people have adverse reactions to these 
drugs.

The complex origins of myoclonus may require the use of multiple 
drugs for effective treatment. Although some drugs have a limited 
effect when used individually, they may have a greater effect when 
used with drugs that act on different pathways or mechanisms in the 
brain. By combining several of these drugs, scientists hope to achieve 
greater control of myoclonic symptoms. Some drugs currently being 
studied in different combinations include clonazepam, sodium val-
proate, levetiracetam, and primidone. Hormonal therapy also may 
improve responses to anti-myoclonic drugs in some people.
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Restless legs syndrome (RLS) is a neurological disorder charac-
terized by unpleasant sensations in the legs and an uncontrollable 
urge to move when at rest in an effort to relieve these feelings. RLS 
sensations are often described by people as burning, creeping, tug-
ging, or like insects crawling inside the legs. Also called paresthe-
sias (abnormal sensations), or dysesthesias (unpleasant abnormal 
sensations), the sensations range in severity from uncomfortable to 
irritating to painful.

The most distinctive or unusual aspect of the condition is that lying 
down and trying to relax activates the symptoms. As a result, most 
people with RLS have difficulty falling asleep and staying asleep. Left 
untreated, the condition causes exhaustion and daytime fatigue. Many 
people with RLS report that their job, personal relations, and activi-
ties of daily living are strongly affected as a result of their exhaustion. 
They are often unable to concentrate, have impaired memory, or fail 
to accomplish daily tasks.

Some researchers estimate that RLS affects as many as 12 mil-
lion Americans. However, others estimate a much higher occurrence 
because RLS is thought to be underdiagnosed and, in some cases, 
misdiagnosed. Some people with RLS will not seek medical attention, 
believing that they will not be taken seriously, that their symptoms 
are too mild, or that their condition is not treatable. Some physicians 

Text in this chapter is excerpted from “Restless Legs Syndrome Fact Sheet,” 
National Institute of Neurological Disorders and Stroke (NINDS), NIH Publica-
tion No. 01–4847, December 18, 2009.

Chapter 55

Restless Legs Syndrome
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wrongly attribute the symptoms to nervousness, insomnia, stress, 
arthritis, muscle cramps, or aging.

RLS occurs in both genders, although the incidence may be slightly 
higher in women. Although the syndrome may begin at any age, even 
as early as infancy, most patients who are severely affected are middle-
aged or older. In addition, the severity of the disorder appears to in-
crease with age. Older patients experience symptoms more frequently 
and for longer periods of time.

More than 80% of people with RLS also experience a more common 
condition known as periodic limb movement disorder (PLMD). PLMD 
is characterized by involuntary leg twitching or jerking movements 
during sleep that typically occur every 10–60 seconds, sometimes 
throughout the night. The symptoms cause repeated awakening and 
severely disrupted sleep. Unlike RLS, the movements caused by PLMD 
are involuntary—people have no control over them. Although many 
patients with RLS also develop PLMD, most people with PLMD do not 
experience RLS. Like RLS, the cause of PLMD is unknown.

What are common signs and symptoms of restless legs?

As described, people with RLS feel uncomfortable sensations in 
their legs, especially when sitting or lying down, accompanied by an 
irresistible urge to move about. These sensations usually occur deep 
inside the leg, between the knee and ankle; more rarely, they occur in 
the feet, thighs, arms, and hands. Although the sensations can occur 
on just one side of the body, they most often affect both sides.

Because moving the legs (or other affected parts of the body) re-
lieves the discomfort, people with RLS often keep their legs in motion 
to minimize or prevent the sensations. They may pace the floor, con-
stantly move their legs while sitting, and toss and turn in bed.

Most people find the symptoms to be less noticeable during the 
day and more pronounced in the evening or at night, especially dur-
ing the onset of sleep. For many people, the symptoms disappear by 
early morning, allowing for more refreshing sleep at that time. Other 
triggering situations are periods of inactivity such as long car trips, 
sitting in a movie theater, long-distance flights, immobilization in a 
cast, or relaxation exercises.

The symptoms of RLS vary in severity and duration from person to 
person. Mild RLS occurs episodically, with only mild disruption of sleep 
onset, and causes little distress. In moderately severe cases, symptoms 
occur only once or twice a week but result in significant delay of sleep 
onset, with some disruption of daytime function. In severe cases of RLS,
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the symptoms occur more than twice a week and result in burdensome 
interruption of sleep and impairment of daytime function.

Symptoms may begin at any stage of life, although the disorder is 
more common with increasing age. Sometimes people will experience 
spontaneous improvement over a period of weeks or months. Although 
rare, spontaneous improvement over a period of years also can occur. 
If these improvements occur, it is usually during the early stages of 
the disorder. In general, however, symptoms become more severe over 
time.

People who have both RLS and an associated condition tend to 
develop more severe symptoms rapidly. In contrast, those whose RLS 
is not related to any other medical condition and whose onset is at an 
early age show a very slow progression of the disorder and many years 
may pass before symptoms occur regularly.

What causes restless legs syndrome?

In most cases, the cause of RLS is unknown (referred to as idio-
pathic). A family history of the condition is seen in approximately 
50% of such cases, suggesting a genetic form of the disorder. People 
with familial RLS tend to be younger when symptoms start and have 
a slower progression of the condition. In other cases, RLS appears to 
be related to the following factors or conditions, although researchers 
do not yet know if these factors actually cause RLS.

-
ing RLS. Once iron levels or anemia is corrected, patients may 
see a reduction in symptoms.

disease, and peripheral neuropathy are associated with RLS. 
Treating the underlying condition often provides relief from RLS 
symptoms.

trimester. For most of these women, symptoms usually disappear 
within four weeks after delivery.

perazine or metoclopramide), antiseizure drugs (phenytoin or 
droperidol), antipsychotic drugs (haloperidol or phenothiazine 
derivatives), and some cold and allergy medications—may ag-
gravate symptoms. Patients can talk with their physicians 
about the possibility of changing medications.
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Researchers also have found that caffeine, alcohol, and tobacco may 
aggravate or trigger symptoms in patients who are predisposed to 
develop RLS. Some studies have shown that a reduction or complete 
elimination of such substances may relieve symptoms, although it 
remains unclear whether elimination of such substances can prevent 
RLS symptoms from occurring at all.

How is restless legs syndrome diagnosed?

Currently, there is no single diagnostic test for RLS. The disorder 
is diagnosed clinically by evaluating the patient’s history and symp-
toms. Despite a clear description of clinical features, the condition is 
often misdiagnosed or underdiagnosed. In 1995, the International 
Restless Legs Syndrome Study Group identified four basic criteria for 
diagnosing RLS: (1) a desire to move the limbs, often associated with 
paresthesias or dysesthesias; (2) symptoms that are worse or present 
only during rest and are partially or temporarily relieved by activity; 
(3) motor restlessness; and (4) nocturnal worsening of symptoms. Al-
though about 80% of those with RLS also experience PLMD, it is not 
necessary for a diagnosis of RLS. In more severe cases, patients may 
experience dyskinesia (uncontrolled, often continuous movements) 
while awake, and some experience symptoms in one or both of their 
arms as well as their legs. Most people with RLS have sleep distur-
bances, largely because of the limb discomfort and jerking. The result 
is excessive daytime sleepiness and fatigue.

If a patient’s history is suggestive of RLS, laboratory tests may be 
performed to rule out other conditions and support the diagnosis of 
RLS. Blood tests to exclude anemia, decreased iron stores, diabetes, and 
renal dysfunction should be performed. Electromyography and nerve 
conduction studies may also be recommended to measure electrical 
activity in muscles and nerves, and Doppler sonography may be used 
to evaluate muscle activity in the legs. Such tests can document any 
accompanying damage or disease in nerves and nerve roots (such as pe-
ripheral neuropathy and radiculopathy) or other leg-related movement 
disorders. Negative results from tests may indicate that the diagnosis 
is RLS. In some cases, sleep studies such as polysomnography (a test 
that records the patient’s brain waves, heartbeat, and breathing during 
an entire night) are undertaken to identify the presence of PLMD.

How is restless legs syndrome treated?

Although movement brings relief to those with RLS, it is generally 
only temporary. However, RLS can be controlled by finding any possible 
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underlying disorder. Often, treating the associated medical condition, 
such as peripheral neuropathy or diabetes, will alleviate many symp-
toms. For patients with idiopathic RLS, treatment is directed toward 
relieving symptoms.

For those with mild to moderate symptoms, prevention is key, and 
many physicians suggest certain lifestyle changes and activities to 
reduce or eliminate symptoms. Decreased use of caffeine, alcohol, and 
tobacco may provide some relief. Physicians may suggest that certain 
individuals take supplements to correct deficiencies in iron, folate, 
and magnesium. Studies also have shown that maintaining a regular 
sleep pattern can reduce symptoms. Some individuals, finding that 
RLS symptoms are minimized in the early morning, change their sleep 
patterns. Others have found that a program of regular moderate exer-
cise helps them sleep better; on the other hand, excessive exercise has 
been reported by some patients to aggravate RLS symptoms. Taking 
a hot bath, massaging the legs, or using a heating pad or ice pack can 
help relieve symptoms in some patients. Although many patients find 
some relief with such measures, rarely do these efforts completely 
eliminate symptoms.

Physicians also may suggest a variety of medications to treat RLS. 
Generally, physicians choose from dopaminergics, benzodiazepines 
(central nervous system depressants), opioids, and anticonvulsants. 
Dopaminergic agents, largely used to treat Parkinson disease, have 
been shown to reduce RLS symptoms and PLMD and are considered 
the initial treatment of choice. In 2005, ropinirole became the only drug 
approved by the U.S. Food and Drug Administration (FDA) specifically 
for the treatment of moderate to severe RLS. The drug was first ap-
proved in 1997 for patients with Parkinson disease.

Benzodiazepines (such as clonazepam and diazepam) may be pre-
scribed for patients who have mild or intermittent symptoms. These 
drugs help patients obtain a more restful sleep but they do not fully 
alleviate RLS symptoms and can cause daytime sleepiness. Because 
these depressants also may induce or aggravate sleep apnea in some 
cases, they should not be used in people with this condition.

For more severe symptoms, opioids such as codeine, propoxyphene, 
or oxycodone may be prescribed for their ability to induce relaxation 
and diminish pain. Side effects include dizziness, nausea, vomiting, 
and the risk of addiction.

Anticonvulsants such as carbamazepine and gabapentin are also 
useful for some patients, as they decrease the sensory disturbances 
(creeping and crawling sensations). Dizziness, fatigue, and sleepiness 
are among the possible side effects.
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Unfortunately, no one drug is effective for everyone with RLS. What 
may be helpful to one individual may actually worsen symptoms for 
another. In addition, medications taken regularly may lose their effect, 
making it necessary to change medications periodically.

What is the prognosis of people with restless legs?

RLS is generally a lifelong condition for which there is no cure. 
Symptoms may gradually worsen with age, though more slowly for 
those with the idiopathic form of RLS than for patients who also suffer 
from an associated medical condition. Nevertheless, current therapies 
can control the disorder, minimizing symptoms and increasing periods 
of restful sleep. In addition, some patients have remissions, periods 
in which symptoms decrease or disappear for days, weeks, or months, 
although symptoms usually eventually reappear. A diagnosis of RLS 
does not indicate the onset of another neurological disease.
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Narcolepsy is a chronic neurological disorder caused by the brain’s 
inability to regulate sleep-wake cycles normally. At various times 
throughout the day, people with narcolepsy experience fleeting urges 
to sleep. If the urge becomes overwhelming, patients fall asleep for 
periods lasting from a few seconds to several minutes. In rare cases, 
some people may remain asleep for an hour or longer.

Narcoleptic sleep episodes can occur at any time, and thus frequent-
ly prove profoundly disabling. People may involuntarily fall asleep 
while at work or at school, when having a conversation, playing a game, 
eating a meal, or most dangerously, when driving an automobile or 
operating other types of potentially hazardous machinery. In addition 
to daytime sleepiness, three other major symptoms frequently char-
acterize narcolepsy: cataplexy or the sudden loss of voluntary muscle 
tone; vivid hallucinations during sleep onset or upon awakening; and 
brief episodes of total paralysis at the beginning or end of sleep.

Contrary to common beliefs, people with narcolepsy do not spend a 
substantially greater proportion of their time asleep during a 24-hour 
period than do normal sleepers. In addition to daytime drowsiness and 
involuntary sleep episodes, most patients also experience frequent 
awakenings during nighttime sleep. For these reasons, narcolepsy 
is considered to be a disorder of the normal boundaries between the 
sleeping and waking states.

Chapter 56

Narcolepsy

This chapter is excerpted from “Narcolepsy Fact Sheet,” National Institute 
of Neurological Disorders and Stroke (NINDS), NIH Publication No. 03–1637, 
October 2, 2009.
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For most adults, a normal night’s sleep lasts about eight hours and 
is composed of four to six separate sleep cycles. A sleep cycle is defined 
by a segment of non-rapid eye movement (NREM) sleep followed by a 
period of rapid eye movement (REM) sleep. The NREM segment can 
be further divided into stages according to the size and frequency of 
brain waves. REM sleep, in contrast, is accompanied by bursts of rapid 
eye movement (hence the acronym REM sleep) along with sharply 
heightened brain activity and temporary paralysis of the muscles that 
control posture and body movement. When subjects are awakened from 
sleep, they report that they were “having a dream” more often if they 
had been in REM sleep than if they had been in NREM sleep. Transi-
tions from NREM to REM sleep are governed by interactions among 
groups of neurons (nerve cells) in certain parts of the brain.

Scientists now believe that narcolepsy results from disease process-
es affecting brain mechanisms that regulate REM sleep. For normal 
sleepers a typical sleep cycle is about 100–110 minutes long, beginning 
with NREM sleep and transitioning to REM sleep after 80–100 min-
utes. But, people with narcolepsy frequently enter REM sleep within 
a few minutes of falling asleep.

Who gets narcolepsy?

Narcolepsy is not rare, but it is an under-recognized and underdiag-
nosed condition. The disorder is estimated to affect about one in every 
2,000 Americans. But the exact prevalence rate remains uncertain, and 
the disorder may affect a larger segment of the population.

Narcolepsy appears throughout the world in every racial and ethnic 
group, affecting males and females equally. But prevalence rates vary 
among populations. Compared to the United States (U.S.) population, for 
example, the prevalence rate is substantially lower in Israel (about one 
per 500,000) and considerably higher in Japan (about one per 600).

Most cases of narcolepsy are sporadic—that is, the disorder occurs 
independently in individuals without strong evidence of being inher-
ited. But familial clusters are known to occur. Up to 10% of patients 
diagnosed with narcolepsy with cataplexy report having a close rela-
tive with the same symptoms. Genetic factors alone are not sufficient 
to cause narcolepsy. Other factors—such as infection, immune-system 
dysfunction, trauma, hormonal changes, and stress—may also be pres-
ent before the disease develops. Thus, while close relatives of people 
with narcolepsy have a statistically higher risk of developing the dis-
order than do members of the general population, that risk remains 
low in comparison to diseases that are purely genetic in origin.
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What are the symptoms?

People with narcolepsy experience highly individualized patterns 
of REM sleep disturbances that tend to begin subtly and may change 
dramatically over time. The most common major symptom, other than 
excessive daytime sleepiness (EDS), is cataplexy, which occurs in about 
70% of all patients. Sleep paralysis and hallucinations are somewhat 
less common. Only 10–25% of patients, however, display all four of 
these major symptoms during the course of their illness.

What causes narcolepsy?

The cause of narcolepsy remains unknown but during the past 
decade, scientists have made considerable progress in understanding 
its pathogenesis and in identifying genes strongly associated with the 
disorder. Researchers have also discovered abnormalities in various 
parts of the brain involved in regulating REM sleep that appear to 
contribute to symptom development. Experts now believe it is likely 
that—similar to many other complex, chronic neurological diseases—
narcolepsy involves multiple factors interacting to cause neurological 
dysfunction and REM sleep disturbances.

Other factors appear to play important roles in the development of 
narcolepsy. Some rare cases are known to result from traumatic inju-
ries to parts of the brain involved in REM sleep or from tumor growth 
and other disease processes in the same regions. Infections, exposure 
to toxins, dietary factors, stress, hormonal changes such as those occur-
ring during puberty or menopause, and alterations in a person’s sleep 
schedule are just a few of the many factors that may exert direct or 
indirect effects on the brain, thereby possibly contributing to disease 
development.

How is narcolepsy diagnosed?

Narcolepsy is not definitively diagnosed in most patients until 
10–15 years after the first symptoms appear. This unusually long lag-
time is due to several factors, including the disorder’s subtle onset and 
the variability of symptoms. As important, however, is the fact that 
the public is largely unfamiliar with the disorder, as are many health 
professionals. When symptoms initially develop, people often do not 
recognize that they are experiencing the onset of a distinct neurologi-
cal disorder and thus fail to seek medical treatment.

Two tests in particular are considered essential in confirming a 
diagnosis of narcolepsy: the polysomnogram (PSG) and the multiple 
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sleep latency test (MSLT). The PSG is an overnight test that takes con-
tinuous multiple measurements while a patient is asleep to document 
abnormalities in the sleep cycle. It records heart and respiratory rates, 
electrical activity in the brain through electroencephalography (EEG), 
and nerve activity in muscles through electromyography (EMG). A 
PSG can help reveal whether REM sleep occurs at abnormal times in 
the sleep cycle and can eliminate the possibility that an individual’s 
symptoms result from another condition.

The MSLT is performed during the day to measure a person’s ten-
dency to fall asleep and to determine whether isolated elements of 
REM sleep intrude at inappropriate times during the waking hours. 
As part of the test, an individual is asked to take four or five short 
naps usually scheduled two hours apart over the course of a day. As 
the name suggests, the sleep latency test measures the amount of 
time it takes for a person to fall asleep. Because sleep latency periods 
are normally ten minutes or longer, a latency period of five minutes 
or less is considered suggestive of narcolepsy. The MSLT also mea-
sures heart and respiratory rates, records nerve activity in muscles, 
and pinpoints the occurrence of abnormally timed REM episodes 
through EEG recordings. If a person enters REM sleep either at the 
beginning or within a few minutes of sleep onset during at least two 
of the scheduled naps, this is also considered a positive indication 
of narcolepsy.

What treatments are available?

Narcolepsy cannot yet be cured. But EDS and cataplexy, the most 
disabling symptoms of the disorder, can be controlled in most patients 
with drug treatment. Often the treatment regimen is modified as symp-
toms change.

For decades, doctors have used central nervous system stimu-
lants—amphetamines such as methylphenidate, dextroamphetamine, 
methamphetamine, and pemoline—to alleviate EDS and reduce the 
incidence of sleep attacks. For most patients these medications are 
generally quite effective at reducing daytime drowsiness and improv-
ing levels of alertness. However, they are associated with a wide array 
of undesirable side effects so their use must be carefully monitored. 
Common side effects include irritability and nervousness, shakiness, 
disturbances in heart rhythm, stomach upset, nighttime sleep disrup-
tion, and anorexia. Patients may also develop tolerance with long-term 
use, leading to the need for increased dosages to maintain effectiveness. 
In addition, doctors should be careful when prescribing these drugs 
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and patients should be careful using them because the potential for 
abuse is high with any amphetamine.

In 1999, the U.S. Food and Drug Administration (FDA) approved 
a new non-amphetamine wake-promoting drug called modafinil for 
the treatment of EDS. In clinical trials, modafinil proved to be effec-
tive in alleviating EDS while producing fewer, less serious side effects 
than do amphetamines. Headache is the most commonly reported 
adverse effect. Long-term use of modafinil does not appear to lead to 
tolerance.

Two classes of antidepressant drugs have proved effective in con-
trolling cataplexy in many patients: tricyclics (including imipramine, 
desipramine, clomipramine, and protriptyline) and selective serotonin 
reuptake inhibitors (including fluoxetine and sertraline). In general, 
antidepressants produce fewer adverse effects than do amphetamines. 
But troublesome side effects still occur in some patients, including 
impotence, high blood pressure, and heart rhythm irregularities.

On July 17, 2002, the FDA approved Xyrem (sodium oxybate or 
gamma hydroxybutyrate, also known as GHB) for treating people 
with narcolepsy who experience episodes of cataplexy. Due to safety 
concerns associated with the use of this drug, the distribution of Xyrem 
is tightly restricted.

What behavioral strategies help people cope with symp-
toms?

None of the currently available medications enables people with 
narcolepsy to consistently maintain a fully normal state of alertness. 
Thus, drug therapy should be supplemented by various behavioral 
strategies according to the needs of the individual patient.

To gain greater control over their symptoms, many patients take 
short, regularly scheduled naps at times when they tend to feel sleepi-
est. Adults can often negotiate with employers to modify their work 
schedules so they can take naps when necessary and perform their 
most demanding tasks when they are most alert.

Improving the quality of nighttime sleep can combat EDS and help 
relieve persistent feelings of fatigue. Exercising for at least 20 minutes 
per day at least 4–5 hours before bedtime also improves sleep quality 
and can help people with narcolepsy avoid gaining excess weight.

Safety precautions, particularly when driving, are of paramount 
importance for all persons with narcolepsy. Although the disorder, in 
itself, is not fatal, EDS and cataplexy can lead to serious injury or death 
if left uncontrolled. Suddenly falling asleep or losing muscle control 
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can transform actions that are ordinarily safe, such as walking down 
a long flight of stairs, into hazards. People with untreated narcoleptic 
symptoms are involved in automobile accidents roughly ten times more 
frequently than the general population. However, accident rates are 
normal among patients who have received appropriate medication.



Part Nine

Additional Help and 
Information
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aneurysm: A blood-filled sac formed by disease related stretching of 
an artery or blood vessel.

angiogram: An x-ray of blood vessels. The person receives an injection 
of dye to outline the vessels on the x-ray.1

anoxia: An absence of oxygen supply to an organ’s tissues leading to 
cell death.

aphasia: Difficulty understanding and/or producing spoken and writ-
ten language.

apoptosis: Cell death that occurs naturally as part of normal develop-
ment, maintenance, and renewal of tissues within an organism.

arachnoid membrane: One of the three membranes that cover the 
brain; it is between the pia mater and the dura. Collectively, these 
three membranes form the meninges.

Chapter 57

Glossary of Terms 
Related to Brain Disorders

Terms in this chapter are excerpted from “Traumatic Brain Injury: Hope 
through Research,” National Institute of Neurological Disorders and Stroke 
(NINDS), NIH Publication No. 02–2478, updated February 9, 2010. Terms marked 
with a [1] are from “Childhood Brain and Spinal Cord Tumors Treatment Overview 
(PDQ®): Patient Version.” PDQ® Cancer Information Summary. National Cancer 
Institute; Bethesda, MD. Updated October 15, 2009. Available at: http://www.
cancer.gov. Accessed January 7, 2010. Terms marked with a [2] are from “Demen-
tia: Hope through Research,” NINDS, updated February 12, 2010. Terms marked 
with a [3] are from “Seizures and Epilepsy: Hope through Research,” NINDS, NIH 
Publication 04–156, February 9, 2010.
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benign: Not cancerous. Benign tumors may grow larger but do not 
spread to other parts of the body.1

biopsy: The removal of cells or tissues for examination by a patholo-
gist. The pathologist may study the tissue under a microscope or per-
form other tests on the cells or tissue.1

brain death: An irreversible cessation of measurable brain func-
tion.

Broca aphasia: See non-fluent aphasia.

cancer: A term for diseases in which abnormal cells divide without 
control. Cancer cells can invade nearby tissues and can spread to other 
parts of the body through the blood and lymph systems.1

cerebellum: The portion of the brain in the back of the head between 
the cerebrum and the brain stem. The cerebellum controls balance for 
walking and standing, and other complex motor functions.1

cerebral hemisphere: One half of the cerebrum, the part of the brain 
that controls muscle functions and also controls speech, thought, emo-
tions, reading, writing, and learning. The right hemisphere controls the 
muscles on the left side of the body, and the left hemisphere controls 
the muscles on the right side of the body.1

cerebrospinal fluid (CSF): The fluid that bathes and protects the 
brain and spinal cord.

cerebrum: The largest part of the brain. It is divided into two hem-
ispheres, or halves, called the cerebral hemispheres. Areas within the 
cerebrum control muscle functions and also control speech, thought, 
emotions, reading, writing, and learning.1

chemotherapy: Treatment with drugs that kill cancer cells.1

clinical trial: A type of research study that tests how well new medi-
cal approaches work in people. These studies test new methods of 
screening, prevention, diagnosis, or treatment of a disease.1

closed head injury: An injury that occurs when the head suddenly 
and violently hits an object but the object does not break through the 
skull.

cognitive training: Patients practice tasks designed to improve men-
tal performance.2

coma: A state of profound unconsciousness caused by disease, injury, 
or poison.
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compressive cranial neuropathies: Degeneration of nerves in the 
brain caused by pressure on those nerves.

computed tomography (CT): A scan that creates a series of cross-
sectional x-rays of the head and brain; also called computerized axial 
tomography or CAT scan.

concussion: Injury to the brain caused by a hard blow or violent 
shaking, causing a sudden and temporary impairment of brain func-
tion, such as a short loss of consciousness or disturbance of vision and 
equilibrium.

contrecoup: A contusion caused by the shaking of the brain back and 
forth within the confines of the skull.

contusion: Distinct area of swollen brain tissue mixed with blood 
released from broken blood vessels.

cortical atrophy: Degeneration of the brain’s cortex (outer layer), 
common in many forms of dementia.2

deep vein thrombosis: Formation of a blood clot deep within a vein.

dementia: A term for a collection of symptoms that significantly im-
pair thinking and normal activities and relationships.2

dementia pugilistica: Brain damage caused by cumulative and re-
petitive head trauma; common in career boxers.

depressed skull fracture: A fracture occurring when pieces of broken 
skull press into the tissues of the brain.

diffuse axonal injury: See shearing.

dura: A tough, fibrous membrane lining the brain; the outermost of 
the three membranes collectively called the meninges.

dysarthria: Inability or difficulty articulating words due to emotional 
stress, brain injury, paralysis, or spasticity of the muscles needed for 
speech.

early seizures: Seizures that occur within one week after a traumatic 
brain injury.

epidural hematoma: Bleeding into the area between the skull and 
the dura.

fluent aphasia: A condition in which patients display little meaning 
in their speech even though they speak in complete sentences. Also 
called Wernicke or motor aphasia.
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Glasgow Coma Scale: A clinical tool used to assess the degree of con-
sciousness and neurological functioning: and therefore severity of brain 
injury: by testing motor responsiveness, verbal acuity, and eye opening.

global aphasia: A condition in which patients suffer severe commu-
nication disabilities as a result of extensive damage to portions of the 
brain responsible for language.

grade: The grade of a tumor depends on how abnormal the cancer cells 
look under a microscope and how quickly the tumor is likely to grow 
and spread. Grading systems are different for each type of cancer.1

hematoma: Heavy bleeding into or around the brain caused by dam-
age to a major blood vessel in the head.

hemorrhagic stroke: Stroke caused by bleeding out of one of the 
major arteries leading to the brain.

hypermetabolism: A condition in which the body produces too much 
heat energy.

hypothyroidism: Decreased production of thyroid hormone leading 
to low metabolic rate, weight gain, chronic drowsiness, dry skin and 
hair, and fluid accumulation and retention in connective tissues.

hypoxia: Decreased oxygen levels in an organ, such as the brain; less 
severe than anoxia.

immediate seizures: Seizures that occur within 24 hours of a trau-
matic brain injury.

intracerebral hematoma: Bleeding within the brain caused by dam-
age to a major blood vessel.

intracranial pressure: Buildup of pressure in the brain as a result 
of injury.

ischemic stroke: Stroke caused by the formation of a clot that blocks 
blood flow through an artery to the brain.

ketogenic diet: A strict diet rich in fats and low in carbohydrates 
that causes the body to break down fats instead of carbohydrates to 
survive.3

lesion: Damaged or dysfunctional part of the brain or other parts of 
the body mutation an abnormality in a gene.3

locked-in syndrome: A condition in which a patient is aware and awake, 
but cannot move or communicate due to complete paralysis of the body.
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lumbar puncture: See spinal tap.

magnetic resonance imaging (MRI): A noninvasive diagnostic 
technique that uses magnetic fields to detect subtle changes in brain 
tissue.

malignant: Cancerous. Malignant tumors can invade and destroy 
nearby tissue and spread to other parts of the body.1

meningitis: Inflammation of the three membranes that envelop the 
brain and spinal cord, collectively known as the meninges; the menin-
ges include the dura, pia mater, and arachnoid.

metastatic: Having to do with metastasis, which is the spread of 
cancer from one part of the body to another.1

mild cognitive impairment: A condition associated with impair-
ments in understanding and memory not severe enough to be diag-
nosed as dementia, but more pronounced than those associated with 
normal aging.2

Mini-Mental Status Examination: A test used to assess cognitive 
skills in people with suspected dementia. The test examines orientation, 
memory, and attention, as well as the ability to name objects, follow 
verbal and written commands, write a sentence spontaneously, and 
copy a complex shape.2

motor aphasia: See non-fluent aphasia.

multi-infarct dementia: A type of vascular dementia caused by nu-
merous small strokes in the brain.2

myelin: A fatty substance that coats and insulates nerve cells.2

myoclonic seizures: Seizures that cause sudden jerks or twitches, 
especially in the upper body, arms, or legs.3

neural stem cells: Cells found only in adult neural tissue that can de-
velop into several different cell types in the central nervous system.

neuro-excitation: The electrical activation of cells in the brain; neuro-
excitation is part of the normal functioning of the brain or can also be 
the result of abnormal activity related to an injury.

neuron: A nerve cell that is one of the main functional cells of the 
brain and nervous system.

neurotransmitters: Chemicals that transmit nerve signals from one 
neuron to another.
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non-fluent aphasia: A condition in which patients have trouble re-
calling words and speaking in complete sentences, also called Broca 
or motor aphasia.

penetrating head injury: A brain injury in which an object pierces 
the skull and enters the brain tissue.

penetrating skull fracture: A brain injury in which an object pierces 
the skull and injures brain tissue.

persistent vegetative state: An ongoing state of severely impaired 
consciousness, in which the patient is incapable of voluntary motion.

plaques: Unusual clumps of material found between tissues of the 
brain in Alzheimer disease.2

plasticity: Ability of the brain to adapt to deficits and injury.

post-concussion syndrome (PCS): A complex, poorly understood 
problem that may cause headache after head injury; in most cases, 
patients cannot remember the event that caused the concussion and 
a variable period of time prior to the injury.

post-traumatic amnesia (PTA): A state of acute confusion due to 
a traumatic brain injury, marked by difficulty with perception, think-
ing, remembering, and concentration; during this acute stage, patients 
often cannot form new memories.

post-traumatic dementia: A condition marked by mental deteriora-
tion and emotional apathy following trauma.

post-traumatic epilepsy: Recurrent seizures occurring more than 
one week after a traumatic brain injury.

pruning: Process whereby an injury destroys an important neural 
network in children, and another less useful neural network that would 
have eventually died takes over the responsibilities of the damaged 
network.

seizure focus: An area of the brain where seizures originate.3

seizures: Abnormal activity of nerve cells in the brain causing strange 
sensations, emotions, and behavior, or sometimes convulsions, muscle 
spasms, and loss of consciousness.

sensory aphasia: See fluent aphasia.

shaken baby syndrome: A severe form of head injury that occurs 
when an infant or small child is shaken forcibly enough to cause the 
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brain to bounce against the skull; the degree of brain damage depends 
on the extent and duration of the shaking.

shearing (or diffuse axonal injury): Damage to individual neurons 
resulting in disruption of neural networks and the breakdown of over-
all communication among neurons in the brain.

shunt: In medicine, a passage that is made to allow blood or other 
fluid to move from one part of the body to another.1

spinal tap: A procedure in which a thin needle called a spinal needle 
is put into the lower part of the spinal column to collect cerebrospinal 
fluid or to give drugs. Also called lumbar puncture.1

stereotactic biopsy: A biopsy procedure that uses a computer and a 
three-dimensional (3D) scanning device to find a tumor site and guide 
the removal of tissue for examination under a microscope.1

stupor: A state of impaired consciousness in which the patient is un-
responsive but can be aroused briefly by a strong stimulus.

subdural hematoma: Bleeding confined to the area between the dura 
and the arachnoid membranes.

thrombosis or thrombus: The formation of a blood clot at the site 
of an injury.

tumor: An abnormal mass of tissue that results when cells divide more 
than they should or do not die when they should, also called neoplasm. 
Tumors may be benign (not cancerous), or malignant (cancerous).1

vasospasm: Exaggerated, persistent contraction of the walls of a blood 
vessel.

vegetative state: A condition in which patients are unconscious and 
unaware of their surroundings, but continue to have a sleep/wake cycle 
and can have periods of alertness.

Wernicke aphasia: See fluent aphasia.
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Government Organizations

Agency for Healthcare 
Research and Quality 
(AHRQ)
540 Gaither Rd.
Rockville, MD 20850
Toll-Free: 800-358-9295
Phone: 301-427-1364
Website: http://www.ahrq.gov

Agency for Toxic Substances 
and Disease Registry
4770 Buford Hwy. NE
Atlanta, GA 30341
Toll-Free: 800-232-4636
TTY: 888-232-6348
Website: http://www.atsdr.cdc
.gov
E-mail: cdcinfo@cdc.gov

Chapter 58

Directory of Organizations 
with Information about Brain 

Disorders

Alzheimer’s Disease 
Education and Referral 
Center (ADEAR)
P.O. Box 8250
Silver Spring, MD 20907
Toll-Free: 800-438-4380
Fax: 301-495-3334
Website: http://www.alzheimers 
.nia.nih.gov
E-mail: adear@nia.nih.gov

Brain Attack Coalition
Building 31, Rm. 8A-16
31 Center Dr., MSC 2540
Bethesda, MD 20892
Phone: 301-496-5751
Fax: 301-402-2186
Website: http://www.stroke-site
.org

Resources in this chapter were compiled from several sources deemed reliable; 
all contact information was verified and updated in February, 2010. Inclusion does 
not imply  endorsement. This list is not comprehensive, it is intended as a starting 
point for gathering of information.
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Centers for Disease Control 
and Prevention (CDC)
1600 Clifton Rd.
Atlanta, GA 30333
Toll-Free: 800-232-4636
Toll-Free TTY: 888-232-6348
Website: http://www.cdc.gov
E-mail: cdcinfo@cdc.gov

Eldercare Locator
Toll-Free: 800-677-1116
Website: http://www.eldercare
.gov

National Cancer Institute 
(NCI)
NCI Public Inquiries Office
6116 Executive Blvd.
Room 3036A
Bethesda, MD 20892
Toll-Free: 800-4-CANCER 
(800-422-6237)
Website: http://www.cancer.gov

National Heart, Lung, and 
Blood Institute (NHBLI)
Building 31, Room 5A52
31 Center Dr., MSC 2486
Bethesda, MD 20892
Phone: 301-592-8573
TTY: 240-629-3255
Fax: 240-629-3246
Website: http://www.nhlbi.nih
.gov

National Institute of 
Mental Health (NIMH)
6001 Executive Blvd.
Rm. 8184, MSC 9663
Bethesda, MD 20892
Toll-Free: 866-615-6464
Phone: 301-443-4513
TTY: 301-443-8431
Fax: 301-443-4279
Website: http://www.nimh.nih.gov
E-mail: nimhinfo@nih.gov

National Institute on Aging 
(NIA)
Building 31, Rm. 5C27
31 Center Dr., MSC 2292
Bethesda, MD 20892
Phone: 301-496-1752
Toll-Free TTY: 800-222-4225
Fax: 301-496-1072
Website: http://www.nia.nih.gov

National Institute on Dis-
ability and Rehabilitation 
Research (NIDRR)
U.S. Department of Education
400 Maryland Ave. SW
Mailstop PCP-6038
Washington, DC 20202
Phone/TTY: 202-245-7460
Fax: 202-245-7323
Website: http://www.ed.gov/
about/offices/list/osers/nidrr
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National Rehabilitation 
Information Center (NARIC)
8201 Corporate Dr., Ste. 600
Landover, MD 20785
Toll-Free: 800-346-2742
Phone: 301-459-5900
TTY: 301-459-5984
Fax: 301-562-2401
Website: http://www.naric.com
E-mail: 
naricinfo@heitechservices.com

National Institute of 
Neurological Disorders and 
Stroke (NINDS)
P.O. Box 5801
Bethesda, MD 20824
Toll-Free: 800-352-9424
Phone: 301-496-5751
TTY: 301-468-5981
Website: http://www.ninds.nih
.gov

Patient Recruitment and 
Public Liaison Office
Clinical Center
National Institutes of Health
10 Cloister Ct., Bldg. 61
Bethesda, MD 20892
Toll-Free: 800-411-1222
Toll-Free TTY: 866-411-1010
Fax: 301-480-9793
Website: http://www.cc.nih.gov/
participate.shtml

Private Organizations

Acoustic Neuroma 
Association
600 Peachtree Pkwy., Ste. 108
Cumming, GA 30041
Toll-Free: 877-200-8211
Toll-Free Fax: 877-202-0239
Phone: 770-205-8211
Fax: 770-205-0239
Website: http://www.anausa.org
E-mail: info@anausa.org

ALS Association
27001 Agoura Rd., Ste. 250
Calabasas Hills, CA 91301
Toll-Free: 800-782-4747
Phone: 818-880-9007
Fax: 818-880-9006
Website: http://www.alsa.org

Alzheimer’s Association
225 N. Michigan Ave., 17th Fl.
Chicago, IL 60601-7633
Toll-Free Helpline: 
800-272-3900 (24-hr.)
Toll-Free TDD Helpline: 
866-403-3073 (24-hr.)
Phone: 312-335-8700
TDD: 312-335-5886
Fax: 866-699-1246
Website: http://www.alz.org
E-mail: info@alz.org
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Alzheimer’s Foundation of 
America
322 8th Ave., 7th Fl.
New York, NY 10001
Toll-Free: 866-AFA-8484 
(232-8484)
Fax: 646-638-1546
Website: http://www.alzfdn.org
E-mail: info@alzfdn.org

American Brain Tumor 
Association
2720 River Road
Des Plaines, IL 60018
Toll-Free: 800-866-2282
Phone: 847-827-9910
Fax: 847-827-9918
Website: http://www.abta.org
E-mail: info@abta.org

American Pain Foundation
201 N. Charles St., Ste. 710
Baltimore, MD 21201
Toll-Free: 888-615-PAIN (7246)
Website: http://www.
painfoundation.org
E-mail: info@painfoundation.org

American Stroke Association
Division of American Heart 
Association
7272 Greenville Ave.
Dallas, TX 75231
Toll-Free: 888-4STROKE 
(478-7653)
Website: http://www.
strokeassociation.org
E-mail: strokeassociation@heart
.org

Angioma Alliance
520 W. 21st St.
Suite G2-411
Norfolk, VA 23517
Website: http://www.
angiomaalliance.org

Association for 
Frontotemporal Dementias 
(AFTD)
Radnor Station, Bldg. #2, Ste. 200
290 King of Prussia Road
Radnor, PA 19087
Toll-Free: 866-507-7222
Phone: 267-514-7221
Website: http://www.ftd-picks.org
E-mail: info@ftd-picks.org

Batten Disease Support and 
Research Association
166 Humphries Dr.
Reynoldsburg, OH 43068
Toll-Free: 800-448-4570
Phone: 740-927-4298
Fax: 740-927-7683
Website: http://www.bdsra.org
E-mail: bdsra1@bdsra.org

Brain Aneurysm Foundation
269 Hanover St., Bldg. 3
Hanover, MA 02339
Toll-Free: 888-272-4602
Phone: 781-826-5556
Website: http://www.bafound.org
E-mail: office@bafound.org
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Brain Injury Association of 
America
1608 Spring Hill Rd., Ste. 110
Vienna, VA 22182
Toll-Free: 800-444-6443
Phone: 703-761-0750
Fax: 703-761-0755
Website: http://www.biausa.org
E-mail: braininjuryinfo@biausa
.org

Brain Injury Resource Center
Phone: 206-621-8558
Website: http://www.headinjury
.com

Children’s Hemiplegia and 
Stroke Assoc. (CHASA)
4101 W. Green Oaks Blvd.
Ste. 305, #149
Arlington, TX 76016
Phone: 817-492-4325
Website: http://www.chasa.org

CJD Aware!
2527 S. Carrollton Ave.
New Orleans, LA 70118
Phone: 504-861-4627
Website: http://www.cjdaware.com
E-mail: info@cjdaware.com

Creutzfeldt-Jakob Disease 
(CJD) Foundation Inc.
P.O. Box 5312
Akron, OH 44334
Toll-Free: 800-659-1991
Phone: 330-665-5590
Fax: 330-668-2474
Website: http://www.
cjdfoundation.org
E-mail: help@cjdfoundation.org

CUREPSP (Foundation 
for PSP|CBD and Related 
Brain Diseases)
Executive Plaza III
11350 McCormick Rd., Ste. 906
Hunt Valley, MD 21031
Toll-Free: 800-457-4777
Phone: 410-785-7004
Fax: 410-785-7009
Website: http://www.curepsp.org
E-mail: info@curepsp.org

Family Caregiver Alliance/ 
National Center on Caregiv-
ing
180 Montgomery St., Ste. 1100
San Francisco, CA 94104
Toll-Free: 800-445-8106
Phone: 415-434-3388
Fax: 415-434-3508
Website: http://www.caregiver
.org
E-mail: info@caregiver.org

Family Center on Technol-
ogy and Disability
Academy for Educational 
Development
1825 Connecticut Ave., NW 7th FL
Washington DC 20009
Phone: 202-884-8068
Fax: 202-884-8441
Website: http://www.fctd.info
E-mail: fctd@aed.org
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Hydrocephalus Association
870 Market St., Ste. 705
San Francisco, CA 94102
Toll-Free: 888-598-3789
Phone: 415-732-7040
Fax: 415-732-7044
Website: 
http://www.hydroassoc.org
E-mail: info@hydroassoc.org

Les Turner ALS Foundation
5550 W. Touhy Ave., Ste 302
Skokie, IL 60077-3254
Toll-Free: 888-ALS-1107 
(257-1107)
Phone: 847-679-3311
Fax: 847-679-9109
Website: 
http://www.lesturnerals.org
E-mail: info@lesturnerals.org

Lewy Body Dementia 
Association
912 Killian Hill Rd. SW
Suite 202C
Atlanta, GA 30047
Toll-Free: 800-539-9767
Phone: 404-935-6444
Fax: 480-422-5434
Website: http://www.
lewybodydementia.org
E-mail: lbda@lbda.org

Multiple Sclerosis 
Association of America
706 Haddonfield Rd.
Cherry Hill, NJ 08002
Toll-Free: 800-532-7667
Phone: 856-488-4500
Fax: 856-661-9797
Website: 
http://www.msassociation.org
E-mail: webmaster@msaa.com

Multiple Sclerosis 
Foundation
6350 N. Andrews Ave.
Ft. Lauderdale, FL 33309
Toll-Free: 888-MSFOCUS 
(673-6287)
Phone: 954-776-6805
Fax: 954-351-0630
Website: http://www.msfocus.org
E-mail: support@msfocus.org

Narcolepsy Network
P.O. Box 294
Pleasantville, NY 10570
Toll-Free: 888-292-6522
Phone: 401-667-2523
Fax: 401-633-6567
Website: http://www.
narcolepsynetwork.org
E-mail: 
narnet@narcolepsynetwork.org

National Aphasia 
Association
350 7th Ave., Ste. 902
New York, NY 10001
Toll-Free: 800-922-4622
Website: http://www.aphasia.org
E-mail: naa@aphasia.org
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National Ataxia Founda-
tion (NAF)
2600 Fernbrook Ln., Ste. 119
Minneapolis, MN 55447
Phone: 763-553-0020
Fax: 763-553-0167
Website: http://www.ataxia.org
E-mail: naf@ataxia.org

National Easter Seal 
Society
233 S. Wacker Dr.
Suite 2400
Chicago, IL 60606
Toll-Free: 800-221-6827
Phone: 312-726-6200
TTY: 312-726-4258
Fax: 312-726-1494
Website: http://www.easter-seals
.org

National Family Caregivers 
Association
10400 Connecticut Ave.
Suite 500
Kensington, MD 20895
Toll-Free: 800-896-3650
Phone: 301-942-6430
Fax: 301-942-2302
Website: http://www.
thefamilycaregiver.org
E-mail: info@thefamilycaregiver
.org

National Headache 
Foundation
820 N. Orleans, Ste. 217
Chicago, IL 60610
Toll-Free: 888-NHF-5552 
(643-5552)
Phone: 312-274-2650
Fax: 312-640-9049
Website: http://www.headaches
.org
E-mail: info@headaches.org

National Hospice and 
Palliative Care Organization
1731 King St., Ste. 100
Alexandria, VA 22314
Toll-Free: 800-658-8898
Phone: 703-837-1500
Fax: 703-837-1233
Website: http://www.nhpco.org
E-mail: nhpco_info@nhpco.org

National Hydrocephalus 
Foundation
12413 Centralia Rd.
Lakewood, CA 90715
Toll-Free: 888-857-3434
Phone: 562-924-6666
Website: http://nhfonline.org
E-mail: nhf@earthlink.net

National Multiple Sclerosis 
Society
733 Third Ave., 3rd Fl.
New York, NY 10017
Toll-Free: 800-344-4867 
(FIGHTMS)
Website: 
http://www.nationalmssociety.org
E-mail: nat@nmss.org
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National Organization for 
Rare Disorders (NORD)
55 Kenosia Ave.
P.O. Box 1968
Danbury, CT 06813
Toll-Free Voice Mail: 
800-999-6673
TDD: 203-797-9590
Fax: 203-798-2291
Website: 
http://www.rarediseases.org
E-mail: 
orphan@rarediseases.org

National Rehabilitation 
Information Center (NARIC)
8201 Corporate Dr.
Suite 600
Landover, MD 20785
Toll-Free: 800-346-2742
Phone: 301-459-5900
TTY: 301-459-5984
Fax: 301-562-2401
Website: http://www.naric.com
E-mail: 
naricinfo@heitechservices.com

National Respite Network 
and Resource Center
800 Eastowne Dr.
Suite 105
Chapel Hill, NC 27514
Phone: 919-490-5577 x222
Fax: 919-490-4905
Website: http://www.archrespite
.org

National Sleep Foundation
1522 K St. NW, Ste. 500
Washington, DC 20005
Phone: 202-347-3471
Fax: 202-347-3472
Website: 
http://www.sleepfoundation.org
E-mail: nsf@sleepfoundation.org

National Stroke Association
9707 E. Easter Ln., Bldg. B
Centennial, CO 80112
Toll-Free: 800-STROKES 
(787-6537)
Fax: 303-649-1328
Website: http://www.stroke.org
E-mail: info@stroke.org

Paralyzed Veterans of 
America (PVA)
801 18th St., NW
Washington, DC 20006
Health Care Hotline: 
800-232-1782
Toll-Free TTY: 800-795-4327
Website: http://www.pva.org
E-mail: info@pva.org

Project ALS
3960 Broadway, Ste. 420
New York, NY 10032
Toll-Free: 800-603-0270
Phone: 212-420-7382
Fax: 212-420-7387
Website: http://www.projectals
.org
E-mail: info@projectals.org
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WE MOVE (Worldwide 
Education and Awareness 
for Movement Disorders)
204 W. 84th St.
New York, NY 10024
Phone: 212-875-8312
Fax: 212-875-8389
Website: http://www.wemove.org
E-mail: wemove@wemove.org

World Health Organization 
(WHO)
Avenue Appia 20
1211 Geneva 27
Switzerland
Phone: + 41 22 791 21 11
Fax: + 41 22 791 3111
Website: http://www.who.int
E-mail: info@who.int

Restless Legs Syndrome 
Foundation
1610 14th St. NW
Suite 300
Rochester, MN 55901
Phone: 507-287-6465
Fax: 507-287-6312
Website: http://www.rls.org
E-mail: rlsfoundation@rls.org

United Leukodystrophy 
Foundation
2304 Highland Dr.
Sycamore, IL 60178
Toll-Free: 800-728-5483
Fax: 815-895-2432
Website: http://www.ulf.org
E-mail: office@ulf.org
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Page numbers followed by ‘n’ indicate 
a footnote. Page numbers in italics
indicate a table or illustration.

A

Abbreviated Injury Score/Injury 
Severity Score 194

“About Cavernous Angioma”  
(Angioma Alliance) 382n

absence epilepsy, described 523
absence seizures, described 522
“Abusive Head Trauma (Shaken   

Baby Syndrome)” (Nemours 
Foundation) 371n

abusive head trauma, overview 
371–76

acephaly, described 256
acetazolamide, CADASIL 226
Acoustic Neuroma Association,  

contact information 587
action myoclonus, described 558
acute brain syndrome 59
acute confusional state 59
acute disseminated encephalomyelitis, 

described 298–99
“Acute Disseminated 

Encephalomyelitis Information 
Page” (NINDS) 298n

A.D.A.M., Inc., publications
amnesia 40n
brain abscess 279n
brain herniation 48n
brain surgery 161n
cerebral hypoxia 50n
delirium 59n
head injury 311n
intracranial pressure

monitoring 110n
mental status tests 86n
metastatic brain tumors 441n
subarachnoid hemorrhage 53n

addiction, brain effects 16–18
ADEAR see Alzheimer’s Disease 

Education and Referral Center
adenohypophysis, pituitary tumor 446
adipokine, dementia 500
adipose tissue, dementia 497–500
adrenocorticotrophic hormone 

(ACTH)-producing adenomas, 
described 450

adrenoleukodystrophy,                  
overview 215–17

adult neuronal ceroid
lipofuscinosis 220

Advanced Cognitive Training for 
Independent and Vital Elderly 
(ACTIVE) 13–14

Index
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AF see atrial fibrillation
AFTD see Association for 

Frontotemporal Dementias
age factor

Alzheimer disease 479
brain 11–14
cerebral amyloid angiopathy 407
Creutzfeldt-Jakob disease 503
dermoid cysts 426
epidermoid cysts 426
memory loss 494
multiple sclerosis 509
pituitary tumor 447
stroke 410–11

Agency for Healthcare Research 
and Quality (AHRQ), contact 
information 585

Agency for Toxic Substances and 
Disease Registry
contact information 585
manganese publication 24n

agenesis of corpus callosum,  
described 240

“Agenesis of the Corpus Callosum” 
(NINDS) 240n

AHRQ see Agency for Healthcare 
Research and Quality

Aicardi syndrome, described 233–34
“Aicardi Syndrome Information Page” 

(NINDS) 233n
AIDS (acquired immune deficiency 

syndrome), neurological 
complications 273–78

AIDS dementia complex,        
described 274

alcohol use
sleep problems 357
stroke 417

alkylating agents, described 125
allogenic transplantation,            

described 129
alobar holoprosencephaly,             

described 253
Alpers disease, described 234–35
“Alpers Disease Information Page” 

(NINDS) 233n
ALS see amyotrophic lateral sclerosis
ALS Association, contact information 

587

alternative therapy                                       
see complementary                                        
and alternative medicine

Alzheimer disease
described 477, 491
memory loss 494–95
overview 479–83

Alzheimer’s Association
contact information 587
vascular dementia publication 484n

Alzheimer’s Disease Education 
and Referral Center (ADEAR),             
contact information 585

“Alzheimer’s Disease Fact Sheet” 
(NIA) 479n

“Alzheimer’s Disease: Unraveling              
the Mystery” (NIA) 3n, 11n

Alzheimer’s Foundation of America, 
contact information 588

amantadine
multiple sclerosis 510
Parkinson disease 514

American Brain Tumor Association
contact information 588
publications

brain cysts 423n
chemotherapy 122n
cognitive changes 467n
fatigue 464n
pituitary tumors 445n
radiation therapy 146n
stereotactic radiosurgery 153n
steroids 113n
workplace 470n

American Pain Foundation,                   
contact information 588

American Stroke Association,              
contact information 588

Americans with Disabilities Act  
(ADA; 1990), traumatic brain              
injury 363

aminopyridine, multiple sclerosis 511
amnesia, overview 40–43
amobarbital, epilepsy 529
amphetamines, narcolepsy 572–73
amygdala, described 6
amyloid, described 407
amyotrophic lateral sclerosis            

(ALS), overview 501–2
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“Amyotrophic Lateral Sclerosis 
Information Page” (NINDS) 501n

anemia, restless legs syndrome 565
anencephaly, described 252
aneurysm

clipping surgery 56, 414
defined 577
detachable coil 414
magnetic resonance

angiography 100
overview 377–80
subarachnoid hemorrhage                       

54–56, 407
angiograms

brain tumors 436
defined 577
pediatric brain tumors 458
subarachnoid hemorrhage 55

angiography
described 91
metastatic brain tumors 443
overview 99–101
vascular lesions 245

angioma see cavernous angioma
Angioma Alliance

contact information 588
publications

cavernous angioma 382n
pediatric cavernous             
angioma 390n
rehabilitation 170n

anoxia, defined 577
anterior pituitary, described 446
anti-angiogenesis inhibitors,  

described 126
antibiotic medications,                    

bacterial meningitis 302
anticholinergics, Parkinson              

disease 514
antidepressant medications

Lewy body dementia 488
narcolepsy 573
progressive supranuclear palsy 516

antimetabolites, described 125
antiplatelet medications, stroke 412
antipsychotic medications, Lewy         

body dementia 488
antithrombotics, stroke 412
anti-tumor antibiotics, described 125

anxiety, traumatic brain                      
injury 348–49

aphasia
defined 577
traumatic brain injury 335
see also fluent aphasia; global 

aphasia; non-fluent aphasia
apnea testing, brain death 80
apoptosis, defined 577
arachnoid cysts, described 424
arachnoid membrane, defined 577

see also meninges
arborviral encephalitides,              

overview 291–97
“Are We Equal in Death? Avoiding 

diagnostic error in brain death: 10 
Ways to Improve Communication 
with Your Doctor” (Laureys; Fins) 
79n

Aricept (donepezil)
Alzheimer disease 482
CADASIL 226
vascular dementia 485

arteriovenous malformation (AVM)
aneurysm 377
hemorrhagic stroke 407
magnetic resonance angiography 

100–101
overview 241–46

“Arteriovenous Malformations                 
and Other Vascular Lesions of the 
Central Nervous System” (NINDS) 
241n

aspirin
atrial fibrillation 416
CADASIL 226
stroke 412

assisted living, brain disorders 197
assistive technology

brain disorders 197
cerebral palsy 268–69

associated venous angioma,         
described 383

Association for Frontotemporal 
Dementias (AFTD), contact 
information 588

astrocytomas
children 455–56
described 433–34
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Asymptomatic Carotid
Atherosclerosis Trial (ACAS) 413

“At a Glance: Targeting Epilepsy” 
(CDC) 541n

ataxic cerebral palsy, described 262
atherosclerosis

carotid endarterectomy 413–14
described 405, 410

atonic seizures, described 522
atrial fibrillation (AF), stroke 409, 416
atypical teratoid/rhabdoid tumor, 

children 456
auditory evoked potentials,    

described 93
aura

focal seizures 521–22
temporal lobe epilepsy 523

autologous transplantation,   
described 129

Avastin (bevacizumab)
chemotherapy 132
side effects 134

AVM see arteriovenous malformation
Avonex (beta interferon), multiple 

sclerosis 510
axons

described 7, 8
infantile neuroaxonal

dystrophy 236

B

baclofen
cerebral palsy 267
multiple sclerosis 510

bacterial meningitis, described 302, 
304

balance therapy, brain surgery 
rehabilitation 173–74

barbiturates, myoclonus 560
basal ganglia, arteriovenous 

malformations 243
Batten disease, overview 219–22
“Batten Disease Fact Sheet”         

(NINDS) 219n
Batten Disease Support and Research 

Association, contact information 588
BCNU (carmustine), chemotherapy 

131

behavioral programs,                             
brain disorders 197

behavior modification, dementia 178
Benbadis, Selim 548–52
benign, defined 578
benign brain tumors, described 432
benzodiazepines

Lewy body dementia 489
restless legs syndrome 567

berry aneurysm, described 378
beta interferon, multiple                   

sclerosis 510, 511
Betaseron (beta interferon),           

multiple sclerosis 510
bevacizumab

chemotherapy 132
side effects 134

biopsy
brain abscess 281
brain tumors 437
Creutzfeldt-Jakob disease 504–5
defined 578
described 91
metastatic brain tumors 443
pediatric brain tumors 459

birth defects
brain abscess 279
brain disorders 240–49

blood brain barrier
chemotherapy 128–29
described 407
edema 113

blood clots
ischemic stroke 405
radiation therapy 152
stroke 412
transient ischemic attack 405–6

blood pressure, stroke 416
blood tests, chemotherapy 127
body fat, dementia 497–500
bold-fMRI, described 102
bone marrow transplantation, 

chemotherapy 129–30
Bone Marrow Transplantation 

Network, contact information 130
botulinum toxin, cerebral palsy 

266–67
bovine spongiform encephalopathy 

(BSE), blood transfusions 505
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brachycephaly, described 257
brain

Alzheimer disease 479, 481
depicted 4, 5, 432, 436
hydrocephalus 399–402
overview 3–10
pituitary tumor 449

“Brain Abscess” (A.D.A.M., Inc.) 279n
brain abscess, overview 279–83
brain aneurysm see aneurysm
Brain Aneurysm Foundation,         

contact information 588
brain attack see ischemic stroke; 

stroke
Brain Attack Coalition, contact 

information 585
brain cysts, overview 423–29
brain death

defined 578
overview 79–82

brain disorders
birth defects 240–49
services availability 196–204
steroids 113–19
symptoms overview 30–35

“Brain Herniation” (A.D.A.M., Inc.) 
48n

brain herniation, overview 48–50
brain imaging techniques

cysts 423
described 7
drug abuse 17
stroke diagnosis 408
see also computed axial tomography 

scan; magnetic resonance 
imaging; neurological imaging 
techniques

brain injury
minimally conscious state 68
prevention 317–19
see also concussion; mild traumatic 

brain injury; traumatic brain 
injury

Brain Injury Association of America, 
contact information 589

Brain Injury Resource Center
contact information 589
rehabilitation facilities

publication 205n

brain scans, described 91
brain stem

arteriovenous malformations 243
depicted 432
described 6, 431

brain stem auditory evoked
response 93

brain stem glioma
children 456
described 434

brain surgery see surgical procedures
“Brain Surgery” (A.D.A.M., Inc.) 161n
brain tumors

chemotherapy 122–39
coping strategies 464–71
cysts 427
headache 38
overview 431–39
see also metastatic brain tumors

Broca aphasia see non-fluent aphasia
bromocriptine

Parkinson disease 514
pituitary tumor 452

bruit, arteriovenous              
malformations 242

BSE see bovine spongiform 
encephalopathy

C

CAA see cerebral amyloid
angiopathy

cabergoline, pituitary tumor 452
CADASIL (cerebral autosomal 

dominant arteriopathy 
with subcortical infarct and 
leukoencephalopathy) 223–26

CAM see complementary and 
alternative medicine

Camptosar (irinotecan), side             
effects 135

camptothecin, chemotherapy 133
cancer of unknown primary origin, 

described 441
cancers

defined 578
metastatic brain tumors 441–44
pituitary carcinomas 451

capillaries, described 4
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capillary telangiectases,           
described 244–46

carbamazepine
epilepsy 528
restless legs syndrome 567

carbidopa, Parkinson disease 514
carboplatin, side effects 134
cardioembolic stroke, described 405
caregivers

Alzheimer disease 483
comatose patients 75–78
shaken baby syndrome 371–72
traumatic brain injury 338–39

carmustine (BCNU)
chemotherapy 131
side effects 134–35

carotid endarterectomy,                      
stroke 413–14

Carotid Revascularization 
Endarterectomy versus Stenting 
Trial (CREST) 413–14

“Carotid Ultrasound” (NHLBI) 105n
carotid ultrasound, overview 105–6
case management, brain disorders 197
cataplexy

medications 573
narcolepsy 569, 570

CAT scan see computed axial 
tomography scan

cavernous angioma
children 390–97
overview 382–89

“Cavernous Angioma and Children” 
(Angioma Alliance) 390n

CCNU (lomustine), side effects 135
CDC see Centers for Disease Control 

and Prevention
CED see convection enhanced delivery
Centers for Disease Control and 

Prevention (CDC)
contact information 586
publications

arboviral encephalitides 291n
brain injury prevention 317n
concussion 322n
epilepsy 541n
lead 22n
meningitis 301n
mercury 19n

Centers for Disease Control and 
Prevention (CDC), continued
publications, continued

neurocysticercosis 305n
rabies prevention 289n
seizure first aid 57n
traumatic brain injury 189n, 
330n
traumatic brain injury 
rehabilitation 367n

central nervous system (CNS) 
embryonal tumor, children 456

central nervous system (CNS) germ 
cell tumor, children 456

central nervous system (CNS) 
lymphoma, HIV/AIDS 274

central obesity, described 499
cephalic disorders, overview 251–58
“Cephalic Disorders Fact Sheet” 

(NINDS) 251n
cerebellopontine angle

arachnoid cysts 424
epidermoid cysts 426

cerebellum
arteriovenous malformations 243
defined 578
depicted 432
described 6, 431

cerebral amyloid angiopathy (CAA), 
hemorrhagic stroke 406, 407

cerebral aneurysm see aneurysm
“Cerebral Aneurysm Fact Sheet” 

(NINDS) 377n
cerebral autosomal dominant 

arteriopathy with subcortical 
infarct and leukoencephalopathy 
(CADASIL), overview 223–26

“Cerebral Autosomal Dominant 
Arteriopathy with Subcortical 
Infarcts and Leukoencephalopathy 
(CADASIL)” (United 
Leukodystrophy Foundation) 223n

cerebral cavernous malformation 382
cerebral cortex, described 5
cerebral hemispheres

defined 578
described 4–5

“Cerebral Hypoxia” (A.D.A.M., Inc.) 
50n
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cerebral hypoxia, overview 50–53
cerebral palsy, overview 259–69
“Cerebral Palsy: Hope through 

Research” (NINDS) 259n
cerebrospinal fluid (CSF)

brain cysts 424
chemotherapy 131–32
Creutzfeldt-Jakob disease 505
defined 578
hydrocephalus 399
pineal cysts 426
tests 91

cerebrum
arteriovenous

malformations 243
defined 578
depicted 432
described 431

CHASA see Children’s Hemiplegia 
and Stroke Association

chemical meningitis, dermoid              
cysts 425

chemobrain, overview 140–42
chemotherapy

defined 578
overview 122–39, 142–44

“Chemotherapy” (American Brain 
Tumor Association) 122n

“Chemotherapy and You” (NCI) 142n
chickenpox, encephalitis 286
Child Health Questionnaire 191–92
“Childhood Brain and Spinal Cord 

Tumors Treatment Overview (PDQ): 
Patient Version” (NCI) 455n, 577n

children
adrenoleukodystrophy 215–16
Batten disease 219–22
brain tumors 434, 455–62
cavernous angioma 390–97
cerebral palsy 259–69
concussion recovery 325–28
epilepsy 523–24
febrile seizures 555–56
hydrocephalus 400–402
lead exposure 22–23
manganese exposure 26–28
shaken baby syndrome 371–72
stroke 410
traumatic brain injury 191–96, 330

Children’s Hemiplegia and Stroke 
Association (CHASA), contact 
information 589

Children’s National Medical Center, 
concussion recovery publication 
325n

cholesterol imbalance,                           
stroke 409–10

cholesterol levels, stroke 417
choroid plexus, colloid cysts 425
cilengitide, side effects 135
circulation problems, stroke 418–19
cisplatin, side effects 135
cisterna magna, arachnoid                      

cysts 424
cisterns, hydrocephalus 399
CJD see Creutzfeldt-Jakob disease
CJD Aware!, contact information 589
clinical trials

carotid endarterectomy 413–14
convection enhanced delivery 130
defined 578
multiple sclerosis 510–11
pediatric brain tumors 460–62
stroke prevention 412
traumatic brain injury 367–69
vascular dementia 485

clipping
stroke 414
subarachnoid hemorrhage 56

clomipramine, narcolepsy 573
clonazepam

Creutzfeldt-Jakob disease 505
epilepsy 528
multiple sclerosis 510
myoclonus 560–61
restless legs syndrome 567

clonic seizures, described 522
clopidogrel, stroke 412
closed head injury

defined 578
described 311

clots see blood clots
clozapine, Lewy body dementia 488
cluster headaches, described 37
codeine, restless legs syndrome 567
“Cognition Problems after

Traumatic Brain Injury”           
(MSKTC) 342n
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cognitive ability
chemobrain 140
memory loss 493–94
traumatic brain injury 334, 342–47, 

368–69
cognitive behavioral therapy, 

psychogenic nonepileptic seizures 
553–54

cognitive rehabilitation
brain disorders 203
overview 177–88

“Cognitive Rehabilitation” (Lee) 177n
cognitive reserve, described 12–13
“Cognitive Retraining” (American 

Brain Tumor Association) 467n
cognitive retraining, overview 467–69
cognitive training, defined 578
colloid cysts, described 424–25
colpocephaly, described 252–53
coma

versus brain death 80, 81–82
defined 578
overview 66–68
transcranial magnetic

stimulation 165–67
see also minimally conscious

state; vegetative state
comatose, described 66
combination medications

chemotherapy 132–33
epilepsy 528–29
myoclonus 561

communicating hydrocephalus, 
described 400

companion services, brain              
disorders 198

complementary and alternative 
medicine (CAM), cerebral palsy 269

comprehensive facility-based 
rehabilitation, brain disorders 
198–99

compressive cranial neuropathies, 
defined 579

computed axial tomography scan 
(CAT scan; CT scan)
brain cysts 423
brain tumors 436
cavernous malformations 386
defined 579

computed axial tomography scan 
(CAT scan; CT scan), continued
described 91, 96–97
metastatic brain tumors 442–43
pediatric brain tumors 458
subarachnoid hemorrhage 55
vascular lesions 245–46

computed tomography angiography 
(CTA), described 99–100

concussion
defined 579
described 311, 317
overview 322–24
recovery process 325–28

“Concussion Experts: For Kids - No 
Sports, No Schoolwork, No Text 
Messages” (Children’s National 
Medical Center) 325n

“Confirmed and Probable California 
Serogroup Viral (mainly La Crosse) 
Encephalitis Cases, Human, United 
States, 1964-2008, By State (as of 
4/7/2009)” (CDC) 291n

“Connections Features: Is a Big Belly 
Bad for the Brain?” (NIA) 497n

“Conquering Fatigue” (American 
Brain Tumor Association) 464n

consciousness, described 68
Consciousness Consortium,  

vegetative state publication 68n
contrecoup, defined 579
contusion

defined 579
described 311

convection enhanced delivery
CED), chemotherapy 130

“Conventional Radiation Therapy” 
(American Brain Tumor  
Association) 146n

conversion disorder, described 550
Cooke, David A. 30n, 113n, 291n, 

548n, 549
Copaxone (copolymer I), multiple 

sclerosis 510
copolymer I, multiple sclerosis 510
corpus callosotomy, epilepsy 531
cortex, neocortical epilepsy 523
cortical atrophy, defined 579
cortical dementia, described 477
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cortical reflex myoclonus,            
described 558

corticosteroids, described 113
cortisol, dementia 499–500
Coumadin (warfarin)

atrial fibrillation 416
stroke 412

CPT-11 (irinotecan)
chemotherapy 133
side effects 135

Craft, Suzanne 499
craniectomy 161
craniopharyngioma,                          

children 456–57
craniostenoses, described 257
craniotomy 161
Creutzfeldt-Jakob disease (CJD), 

overview 503–6
“Creutzfeldt-Jakob Disease Fact 

Sheet” (NINDS) 503n
Creutzfeldt-Jakob Disease 

(CJD) Foundation, contact                        
information 589

cryptococcal meningitis,                             
HIV/AIDS 274

CSF see cerebrospinal fluid
CTA see computed tomography 

angiography
CT scan see computed axial 

tomography scan
CUREPSP (Foundation for                          

PSP/CBD and Related Brain 
Diseases), contact information 589

“Curing Epilepsy: The Promise of 
Research” (NINDS) 538n

Cylert (pemoline), multiple                  
sclerosis 510

“Cysticercosis” (CDC) 305n
cysticercosis, described 305–7
“Cysts” (American Brain Tumor 

Association) 423n
cytokines, dementia 500
cytomegalovirus infections,                

HIV/AIDS 274–75
cytostatic medications,                     

described 124–26
cytotoxic medications

described 124–25
side effects 127

D

dantrolene, multiple sclerosis 510
day services, brain disorders 199
Decadron (dexamethasone),   

described 113
DeCarli, Charles 496
deep brain stimulation

described 167
epilepsy 540
Parkinson disease 514

deep vein thrombosis, defined 579
“Delirium” (A.D.A.M., Inc.) 59n
delirium, overview 59–63
“Delving into Possible Mechanisms  

for Chemobrain” (NCI) 140n
dementia

body fat 497–500
Creutzfeldt-Jakob disease 504
defined 579
overview 476–78
vascular cognitive impairment 408
see also Alzheimer disease; Lewy 

body dementia; vascular 
dementia

“Dementia: Hope through              
Research” (NINDS) 476n, 577n

dementia pugilistica, defined 579
dendrites, described 7, 8
Depakote (valproic acid),             

ketogenic diet 537
Department of Labor (DOL)                              

see US Department of Labor
depressed skull fracture,                   

defined 579
depression

fatigue 466
radiation therapy 152–53
sleep problems 357
traumatic brain injury 349–50

dermoid cysts, described 425–26
desipramine, narcolepsy 573
detachable coil, stroke 414
dexamethasone, described 113
dextroamphetamine, narcolepsy 572
diabetes mellitus, stroke 409, 417–18
“Diagnostic Testing - Imaging: Parts I, 

II, and III” (Hoch) 96n
diagnostic tests see tests
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diarrhea, chemotherapy 137
diastolic blood pressure,                 

described 416
diazepam

epilepsy 528
multiple sclerosis 510
restless legs syndrome 567

diet and nutrition
brain tumors 438
chemotherapy 127
ketogenic diet 534–37
lead exposure 22–23
manganese exposure 25
sodium levels 418

diffuse axonal injury                                       
see shearing

diffusion-weighted imaging,             
described 103

dipyridamole, stroke 412
Disorders of Consciousness

Scale 165
DOL see US Department of Labor
donepezil

Alzheimer disease 482
CADASIL 226
vascular dementia 485

dopamine
drug abuse 17
Parkinson disease 514
pituitary tumor 452

dopaminergics, restless legs  
syndrome 567

doxorubicin, chemotherapy 133
driving ability, traumatic                      

brain injury 360–62
“Driving after Traumatic Brain 

Injury” (MSKTC) 360n
drug abuse, brain effects 16–18
drug delivery systems,             

chemotherapy 133
dura, defined 579

see also meninges
dura mater, Creutzfeldt-Jakob  

disease 505
dysarthria

defined 579
traumatic brain injury 335

dyskinetic cerebral palsy,              
described 262

E

early dementia, memory                            
loss 493–97

early diagnosis
Alzheimer disease 482
Lewy body dementia 490

early seizures, defined 579
Eastern equine encephalitis,  

described 293
ECG see electrocardiogram
EC/IC Bypass Study 414
edema

brain tumors 113–14
radiation therapy 150–51

EEG see electroencephalogram
Elavil, progressive supranuclear  

palsy 516
Eldercare Locator, contact         

information 586
electrocardiogram (ECG),               

cerebral hypoxia 51
electroconvulsive therapy (ECT), 

described 168
electroencephalogram (EEG)

cerebral hypoxia 51
described 91–92, 104
metastatic brain tumors 443

electromyogram (EMG), described 
92–93

electronystagmography (ENG), 
described 93

elemental mercury, described 19–20
EMD121974 (cilengitide), side          

effects 135
EMDR see eye movement 

desensitization and reprocessing
emotional concerns

brain surgery rehabilitation                   
175–76

epilepsy 543
traumatic brain injury 347–52

“Emotional Problems after
Traumatic Brain Injury”             
(MSKTC) 342n

employment
brain disorders 202
epilepsy 543–44
traumatic brain injury 363–67
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Foundation) 286n

encephalitis, overview 286–88
encephalomyelitis, rabies 289–90
endocrine glands, depicted 446
endoscopic craniotomy 161
ENG see electronystagmography
enoxaparin, stroke 412
entorhinal cortex, Alzheimer          

disease 479
environmental modifications,              

brain disorders 199
ependymoma

children 457
described 434

epidermoid cysts, described 426
epidural hematoma, defined 579
epilepsy

coping strategies 541–46
myoclonic jerks 558, 559
overview 519–25
research progress 538–40
treatment overview 528–40
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ketogenic diet 534n
psychogenic nonepileptic             

seizures 548n
vagus nerve stimulation 532n

Epstein-Barr virus, encephalitis 286
erlotinib, chemotherapy 133
essential myoclonus, described 558–59
ethnic factors, stroke 411
ethosuximide, epilepsy 528
etoposide, side effects 135
evoked potentials

cerebral hypoxia 52
described 93–94

excessive daytime sleepiness 571–73
executive functions, cognitive 

rehabilitation 184–88
Exelon (rivastigmine), Alzheimer 

disease 482
exencephaly, described 256
exercise

multiple sclerosis 510
progressive supranuclear palsy 516
stroke 418

extracranial/intracranial (EC/IC) 
bypass surgery, stroke 414

eye movement desensitization and 
reprocessing (EMDR), psychogenic 
nonepileptic seizures 551
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Facts about the Vegetative and 
Minimally Conscious States                 
after Severe Brain Injury 2007
(Sherer, et al.) 68n

familial cavernous angioma,  
described 383

Family Caregiver Alliance/National 
Center on Caregiving, contact 
information 589

Family Center on Technology                 
and Disability, contact            
information 589 

family education, brain                       
disorders 198

family issues
Alzheimer disease 483
brain death 81
comatose patients 75–78
manganese exposure 26–27
rehabilitation facilities 210
transcranial magnetic

stimulation 166–67
traumatic brain injury 336–41

family therapy, Lewy body                 
dementia 489–90

FAST acronym, explained 419
fatal familial insomnia,                   

described 504
fatigue

chemotherapy 137
coping strategies 464–67
multiple sclerosis 510
radiation therapy 150
traumatic brain injury 352–55

“Fatigue and Traumatic Brain Injury” 
(MSKTC) 342n

febrile seizures, overview 555–56
“Febrile Seizures Fact Sheet”  

(NINDS) 555n
feeding tubes, progressive 

supranuclear palsy 516
felbamate, epilepsy 528
fertility, chemotherapy 137–38
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fibromyalgia, psychogenic  
nonepileptic seizures 551–52

financial considerations
comatose patients 76
epilepsy 541

Fins, Joseph J. 79n
first aid

head injury 313–14
seizures 57–59

“First Aid for Seizures” (CDC) 57n
fluent aphasia, defined 579
fluoxetine, narcolepsy 573
fMRI see functional magnetic 

resonance imaging
focal seizures

described 521–22
surgical procedures 530

forgetfulness, versus memory                
loss 493–95

fosphenytoin, epilepsy 528
free radicals, age factor 12
“Frequently Asked Questions about 

Traumatic Brain Injury (TBI) and 
Employment” (DOL) 363n

frontal lobe, described 5
frontotemporal dementia (FTD), 

described 477, 491
FTD see frontotemporal dementia
functional magnetic resonance 

imaging (fMRI)
described 101–3
transcranial magnetic

stimulation 166
see also magnetic resonance

imaging
functioning adenomas,                   

described 447–48
fungal meningitis 304
fusiform aneurysm, described 378
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GABA see gamma-aminobutyric acid
gabapentin

CADASIL 226
epilepsy 528
restless legs syndrome 567

gadolinium, pediatric brain               
tumors 458

galantamine, Alzheimer disease 482
Galen defect, arteriovenous 

malformations 242
gamma-aminobutyric acid (GABA), 

epilepsy 520
gamma hydroxybutyrate (GHB), 

narcolepsy 573
gamma knife, described 154
Ganz, Patricia 140–41
gastroesophageal reflux disease 

(GERD), cerebral palsy 266
gastrointestinal problems,                   

steroid side effects 117
gender factor, Aicardi disease 233
generalized seizures, described 522
genes

adrenoleukodystrophy 216
CADASIL 224, 225
dementia 478
epilepsy 539
Huntington disease 507
mental health disorders 228–29

German measles, encephalitis 286
Gerstmann-Sträussler-Scheinker 

disease
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overview 235–36

“Gerstmann-Sträussler-Scheinker 
Disease Information Page”   
(NINDS) 233n

Giacino, J.T. 68n
Gioia, Gerard 325
Glasgow Coma Scale

children 193
defined 580
described 190

Gleevec (imatinib mesylate), 
chemotherapy 133

glia, epilepsy 521
Gliadel

chemotherapy 131
side effects 134–35

glial cells, described 3
global aphasia, defined 580
glucocorticoids, dementia 499–500
glutamate

drug abuse 17
epilepsy 520, 538

grade, defined 580
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grand mal seizures, described 522
granular osmiophilic material 225
growth factor inhibitors, described 126
growth hormone-producing adenomas, 

described 450
growth hormones, pituitary               

tumor 452–53
guardianship, comatose patients 76
Gustafson, Deborah 498

H

Haemophilus influenzae type b
(Hib) 301–4

hair loss, radiation therapy 150
hallucinations

Lewy body dementia 487–89
narcolepsy 569

haloperidol, Lewy body dementia 488
HDL see high-density lipoprotein 

(HDL) cholesterol
headache, overview 35–40
“Headache: Hope through            

Research” (NINDS) 35n
head injury

headache 39
overview 311–15
shaken baby syndrome 371–76

“Head Injury” (A.D.A.M., Inc.) 311n
“Heads Up: Facts for Physicians 

about Mild Traumatic Brain               
Injury (MTBI)” (CDC) 322n

“Heads Up: Preventing              
Concussion” (CDC) 317n

hematoma
defined 580
subarachnoid hemorrhage 407

hemispherectomy, epilepsy 524, 531
hemispheres

arteriovenous
malformations 243

described 578
hemispherotomy, epilepsy 531
hemorrhagic stroke

defined 580
depicted 406
described 406–8
headache 38

heparin, stroke 412

heredity
adrenoleukodystrophy 216–17
aneurysm 407
Batten disease 219–22
brain tumors 435
CADASIL 224
cavernous malformations 395–96
cephalic disorders 251
dementia 477–78
epilepsy 523
Huntington disease 507
hydrocephalus 400
mental health disorders 227–32
narcolepsy 570
neurological disorders 233–37
neuronal ceroid lipofuscinoses 220
restless legs syndrome 565

herniation syndrome 48
herpes viruses, encephalitis 286
high-density lipoprotein (HDL) 

cholesterol
described 409–10
stroke 417

high dose chemotherapy,              
described 130–31

hippocampus
Alzheimer disease 480
arteriovenous malformations 243
described 6–7
glucocorticoids 500
temporal lobe epilepsy 523

HIV infection, neurological 
complications 273–78

Hoch, Jack 96n
holoprosencephaly, described 253
homemaker services, brain            

disorders 198
hormones

chemotherapy 125
pituitary gland 445–46
pituitary tumor 447–48
see also corticosteroids; steroids

hospitalizations
brain surgery 164
coma 67
rehabilitation therapies 170–72

housing supplements, brain          
disorders 200

Huerta, Michael 10
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Human Connectome Project 9–10
human genome, mental health 

disorders 228, 229–30
“Human Rabies Prevention - United 

States, 2008” (CDC) 289n
Huntington disease, overview 507–8
“Huntington’s Disease Information 

Page” (NINDS) 507n
hydranencephaly, described 253–54
Hydrea (hydroxyurea), side effects 135
hydrocephalus

arteriovenous
malformations 242

colloid cysts 425
overview 399–402
pineal cysts 427

“Hydrocephalus” (NINDS) 399n
Hydrocephalus Association,             

contact information 590
hydrocephalus ex-vacuo 400
hydroxyurea, side effects 135
hyperbaric oxygen therapy,             

cerebral palsy 269
hypermetabolism, defined 580
hypertension

hemorrhagic stroke 406
stroke 408–9

hypopituitarism, described 447
hypothalamus

described 7
pituitary tumors 445–46

hypothyroidism, defined 580
hypoxia, defined 580
hypoxic encephalopathy 50
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iatrogenic cases, described 505
imatinib mesylate, chemotherapy 133
imipramine, narcolepsy 573
Imitrex, CADASIL 225
immediate seizures, defined 580
IMRT see intensity modulated 

radiation therapy
increased intracranial pressure, 

headache 39
independent living skills training, 

brain disorders 200
infantile neuroaxonal dystrophy 236

“Infantile Neuroaxonal Dystrophy 
Information Page” (NINDS) 233n

infantile neuronal ceroid 
lipofuscinosis 220

infants
cavernous                                        

malformations 390–91
epilepsy 524
hydrocephalus 400–401
stroke 410

infarcts,                                           
vascular dementia 484

infections
headache 39
overview 273–307
steroid side effects 117–18

inflammation
chemobrain 141
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headache 39

“Information on Arboviral 
Encephalitides” (CDC) 291n
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brain disorders 200

iniencephaly, described 254
inorganic mercury compounds, 

described 19–20
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insect bites, arborviral           

encephalitides 291
Insel, Thomas 9
insomnia

steroid side effects 117
traumatic brain injury 356

insurance coverage
brain surgery rehabilitation 176
rehabilitation facilities 209

intensity modulated radiation
therapy (IMRT), described 158

interstitial therapy, chemotherapy 131
intracavity therapy, chemotherapy 131
intracerebral hematoma, defined 580
intracranial pressure, defined 580
“Intracranial Pressure Monitoring” 

(A.D.A.M., Inc.) 110n
intracranial pressure monitoring, 

overview 110–12
intractable epilepsy, described 519
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Dementia” (Lewy Body Dementia 
Association) 486n

ionizing radiation,                                 
brain tumors 434–35

irinotecan (CPT-11)
chemotherapy 133
side effects 135

ischemia, described 405
ischemic penumbra,                         

described 405
ischemic stroke

defined 580
depicted 406
described 404–5
headache 38
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Jagust, William 498, 500
Jansky-Bielschowsky disease 220
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Kalinian, Haygoush 30n
Karp, Harvey 375
Kelley, Susan 550–51
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ketogenic diet

defined 580
overview 534–37

“Ketogenic Diet” (Epilepsy.com) 534n
“Know Stroke. Know the Signs. Act in 

Time” (NINDS) 46n
Kufs disease 220
kuru, described 504
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laboratory tests see tests
La Crosse encephalitis

described 292
statistics 294–96

LaFrance, W. Curt, Jr. 553–54
lamotrigine, epilepsy 528
Landgraf, Jeanne 191
Landis, Story 9
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pituitary tumor 452

late infantile neuronal ceroid 
lipofuscinosis 220

lateral aneurysm, described 378
Launer, Lenore 497–99
Laureys, Steven 79n
LDL see low-density lipoprotein

(LDL) cholesterol
lead exposure, overview 22–24
Lee, Connie 177n
left hemisphere, described 578
Leigh disease, described 237
“Leigh Disease Information Page” 

(NINDS) 233n
Lennox-Gastaut syndrome 523–24, 

534
leptomeningeal cysts 424
lesions

arteriovenous
malformations 244–45

cavernous angioma 382
cysticercosis 306–7
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Les Turner ALS Foundation,            
contact information 590

Leucovorin, high dose           
chemotherapy 131

levetiracetam
epilepsy 528
myoclonus 560–61

levodopa
Parkinson disease 514
progressive supranuclear                  

palsy 516
Lewy body dementia
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overview 486–93

Lewy Body Dementia Association
contact information 590
Lewy body dementia publication 

486n
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seizures publication 548n
limbic system, described 6–7
linear accelerators, described 155
lissencephaly, described 254255
lobar holoprosencephaly, described 

253
lobes see frontal lobe; occipital lobe; 

parietal lobe; temporal lobe
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versus brain death 81–82
defined 580

lomustine, side effects 135
long-chain triglyceride diet 535
long-term residential services,             

brain disorders 200
Loss of Consciousness                             

score 194
Lou Gehrig disease                                         

see amyotrophic lateral sclerosis
Lovenox (enoxaparin), stroke 412
low-density lipoprotein (LDL) 

cholesterol
described 409–10
stroke 417

“Lumbar Puncture” (Nemours 
Foundation) 107n

lumbar puncture (spinal tap)
brain tumors 437
defined 583
encephalitis 287
metastatic brain tumors 443
overview 107–9

Lyme disease, encephalitis 286

M

macrocephaly, described 256, 257
magnetic resonance angiography 

(MRA), described 100
magnetic resonance imaging (MRI)

acute disseminated 
encephalomyelitis 298

brain cysts 423
brain tumors 436
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malformations 385–86, 396
cerebral hypoxia 52
cerebral palsy 263
defined 581
described 94, 97–99
metastatic brain tumors 442–43
pediatric brain tumors 458
pineal cysts 426–27
pituitary tumor 449
subarachnoid hemorrhage 55
vascular dementia 485
vascular lesions 245–46
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described 432–33
“Managing Chemotherapy Side 
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(NCI) 140n

mangafodipir trisodium 25
manganese, overview 24–28
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(NIEHS) 24n
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effects 135
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CADASIL 225–26
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cerebral palsy 266–67
chemotherapy 144
delirium 61–62
epilepsy 528–29
fatigue 465
Huntington disease 508
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myoclonus 560–61
narcolepsy 572–73
neurological disorders 277–78
Parkinson disease 513–14
pituitary tumor 452–53
radiation therapy 148
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sleep problems 357, 359
stroke 412–13
traumatic brain injury 352
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memantine, Alzheimer                       

disease 482
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chemobrain 141–42
dementia 178
traumatic brain injury 345
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Alzheimer disease 480
dementia 476
early dementia 493–97
versus forgetfulness 493–95
overview 40–43
treatment options 182–84

“Memory Loss” (A.D.A.M., Inc.) 40n
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see also arachnoid membrane; dura
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defined 581
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side effects 135
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sclerosis 511

microencephaly, described 255, 257
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memory loss 494
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overview 68–78
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traumatic brain injury 336n
traumatic brain injury side
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Morrison-Bogorad, Marcelle 493
motor aphasia see fluent aphasia
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MSKTC see Model Systems 

Knowledge Translation System
MTX (methotrexate), side effects 135
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defined 581
described 484
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contact information 590
“Multiple Sclerosis Information   

Page” (NINDS) 509n
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narcolepsy 571–72
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disorders 248n
Parkinson disease 513n
progressive supranuclear  
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