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Foreword
T

his booklet is written for parents of children with hydrocephalus
and people with hydrocephalus in the hope that the information will
give you a better understanding of the condition and how it can be
managed. Although this book was originally written for parents, it contains basic information about hydrocephalus that is valuable to everyone—parents of children with hydrocephalus, families and individuals.
In recent years, there have been remarkable advances in the treatment
of hydrocephalus. With early detection and effective treatment, the outlook for children with hydrocephalus is promising. Many people with
hydrocephalus lead normal lives with few limitations. Research and
experience show that children with hydrocephalus have excellent
opportunities to attain their full potential through programs that stimulate their development.
Hydrocephalus affects about one in every 500 to 1,000 children
born. It is caused by a wide variety of medical problems, and the circumstances of each child’s condition are unique. You will probably have
many questions concerning your child’s particular problems that are
beyond the scope of this booklet, but you will find that your knowledge
about the condition will increase steadily as time passes.
A number of experienced medical professionals and families of children with hydrocephalus participated in making this booklet. They have
dealt with many of the issues facing you today. We hope that their
experiences, knowledge and perceptions will help you discover your
own path to understanding and coping with hydrocephalus.

We wish to give special thanks
to the people with hydrocephalus and their families
who participated in the making
of this booklet.
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Introduction
“When we were first given the shocking news about
our child, it was hard for us to look beyond and
realize that there was a lot of support out there, and
that we would cope somehow.”

H

ydrocephalus is an abnormal accumulation of fluid—cerebrospinal fluid, or CSF—within cavities called ventricles inside the brain.
Hydrocephalus is commonly treated by a surgical procedure, performed
by a neurosurgeon, in which a tube called a shunt is placed into the
child’s body. The shunt channels the flow of fluid away from the brain
or spinal cord into another part of the body, where the fluid can be
absorbed and transported to the bloodstream. This is a relatively common operation—in fact, an average of 75,000 shunt operations are performed each year in this country. In most cases, the procedure successfully controls hydrocephalus, but, unlike many surgical procedures that
can cure a condition, the placement of a shunt does not cure hydrocephalus. Except in rare cases, hydrocephalus is a lifelong condition.
And as with any longterm medical condition, complications can occur to
which parents must be alert. The changes that signal a possible complication require your understanding, because a complication left undiagnosed and untreated could cause severe brain damage, or threaten the
life of your child.
In the following pages, we explain the nature and causes of hydrocephalus, its diagnosis, treatment protocols and follow-up care. We also
provide important information about shunt malfunctions and infections,
including a quick-reference table on page 27.

Anatomy and Physiology
Brain, Spinal Cord and Their Protective Coverings

T

he brain and spinal cord form the central nervous system. These
vital structures are surrounded and protected by the bones of the skull
and the vertebral column, as shown in the drawing on the opposite
page. The bones of the skull are often referred to as the cranium. In
infants, the skull is actually composed of separate bones, and an
infant’s soft spot (anterior fontanel) is an area where four skull bones
nearly come together. The places where the bones meet and grow are
called sutures. The vertebral column, which encases the entire spinal
cord, is composed of bones called vertebrae. The cerebral column
begins at the base of the skull and extends all the way down to the
tailbone.

Madison was diagnosed with an arachnoid
cyst and was shunted at 10 weeks of age.
Her parents felt very frightened when they
first received Madison’s diagnosis. “She has
proven to us that she is capable of anything.
She has always been a magical child and has
a spark for life that touches everyone
around her.”
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The brain’s major components are the cerebrum, the cerebellum
and the brain stem. The cerebrum is the central processing area for the
body’s incoming and outgoing messages. It is also the area responsible
for speech, thought and memory. The cerebellum primarily helps coordinate our body movements. The brain stem controls basic functions
like heart rate, breathing and blood pressure. The spinal cord extends
from the brain stem, through a very large opening (the foramen magnum) in the base of the skull, and down the spine. At the level of
each vertebra in the spine, nerve fibers arise from the spinal cord and
emerge through openings between the vertebrae. These are the spinal
nerves, which carry messages to and from various regions of our bodies.

Lying between the brain and skull are three other protective coverings. These are the membranes (meninges),
which completely surround the brain and spinal cord.
An important fluid—the cerebrospinal fluid (CSF)—flows
in a space between these membranes that is called the
subarachnoid space. CSF is in constant circulation and
serves several important functions. Because it surrounds
the brain and spinal cord, the CSF acts as a protective
cushion against forceful blows to the head and spine.
Though it is clear and colorless, CSF contains many
nutrients and proteins that are needed for the nourishment and normal function of the brain It also carries
waste products away from surrounding tissues.

Skull
Cerebrum
Cerebellum
Brain stem
Spinal cord

Vertebral
column
The brain and spinal cord
and the protective bones covering them.

Spinal
nerves
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Ventricles
CSF is produced within the cavities of the brain that are called
ventricles. Below is a drawing of the ventricles. As you look at the
drawing, imagine the ventricles as chambers filled with fluid. There are
four in all: the two lateral ventricles, the third ventricle and the fourth
ventricle. As you can see, the ventricles are interconnected by narrow
passageways. Your neurosurgeon can learn valuable information about
your child’s condition by closely monitoring the size and shape of
these ventricles.

Third ventricle
Aqueduct of Sylvius

Lateral ventricles

The ventricles are interconnected
by narrow passageways.
Foramen of Monro

Fourth ventricle

Foramens (openings) of
Luschke and Magendie
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Lateral
ventricles

Choroid
plexus

Subarachnoid
space
Arachnoid villi
Sagittal sinus

Third
ventricle
Aqueduct
of Sylvius
Fourth
ventricle

Cerebrospinal fluid (CSF) circulatory
pathway. The drawing shows a view of the center of the brain. The solid arrows show the major
pathway of CSF flow. The broken arrows show
additional pathways.

Spinal
nerves

7

Cerebrospinal Fluid Circulation and Absorption
CSF is formed within the ventricles by small, delicate tufts of specialized tissue called the choroid plexus. The solid arrows in the drawing on the previous page show the major pathway of CSF flow.
Beginning in the lateral ventricles, CSF flows through two passageways
into the third ventricle. From the third ventricle it flows down a long,
narrow passageway (the aqueduct of Sylvius) into the fourth ventricle.
From the fourth ventricle it passes through three small openings
(foramina) into the subarachnoid space surrounding the brain and
spinal cord. Most of the CSF is absorbed through tiny, specialized cell
clusters (arachnoid villi) near the top and midline of the brain. CSF
passes through the arachnoid villi into a large vein (the sagittal sinus)
and is absorbed into the bloodstream. Once in the bloodstream, it is
carried away and filtered by our kidneys and liver in the same way as
are our other body fluids.
Travis, who has congenital hydrocephalus and cerebral palsy, has had
many complications including meningitis and numerous shunt revisions. He
also underwent a cranial expansion. His
father says, “Travis has a great attitude
about life. From the moment he wakes
up until the moment he goes to bed, he
is enthusiastic about everything.”
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The ventricular system is the major pathway for the flow of CSF.
CSF also flows directly from the ventricles into the brain tissue surrounding them. This is shown by the broken arrows. Here the CSF
passes through the spaces between the cells to where it eventually
enters the subarachnoid space. It is believed that the brain tissue does
not absorb any CSF, but simply provides another pathway for the fluid
moving to the subarachnoid space. Some small amounts of CSF are
also absorbed into lymphatic channels along the membranes covering
the nerves (nerve sheaths) as they leave the brain stem and spinal
cord.

Endoscopic Third Ventriculostomy

Endoscopic third ventriculostomy (ETV) is a relatively new procedure
for the treatment of hydrocephalus. The surgery involves making a hole in
the floor of the third ventricle to allow free flow of spinal fluid into the
basal cisterns for absorption. This concept is an old one, and other procedures utilizing this type of approach have been tried for many years. The
improvement in endoscopic equipment combined with the ability of MRI
to visualize actual brain anatomy prior to the procedure have led to a new
enthusiasm for ETV.
ETV is clearly appropriate for treating obstructive (noncommunicating)
hydrocephalus. It is controversial as to whether it is effective in treating
non-obstructive (communicating) hydrocephalus, although some neurosurgeons have used it successfully in these cases. In order to perform the procedure, the ventricles must be large enough to see the appropriate brain
structures. In cases of so-called slit ventricle syndrome, or when the child
is already shunted, it may be necessary to disable the shunt temporarily in
order to increase the size of ventricles for the surgery.
Many neurosurgeons do not perform ETV on children below the age
of two years because the failure rate is higher than for older children. Fiveyear patency rates for ETV are in the 50–80 percent range, depending
upon the anatomy of the child and the cause of the hydrocephalus. The
initial complication rate of ETV is higher than that for shunt placement,
but, if successful, the procedure eliminates the need for a shunt as well as
the associated risks of shunt malfunction. Even when ETV is initially successful, it is still important for the child to have periodic neurosurgical
evaluations.
ETV is an important alternative to shunting for obstructive hydrocephalus in older children, and it may be useful in other cases as well. The
decision whether to perform an ETV or to place a shunt is best made on
an individual basis for each child.

Born two months prematurely with
an intraventricular hemorrhage, Ian
was shunted at seven months. His
shunt malfunctioned when he was
three years old and his doctors
decided he was a good candidate for
endoscopic third ventriculostomy.
After five years, Ian remains shuntfree. “We consider ourselves very
lucky,” says his father, John.
“Endoscopic third ventriculostomy
is not for everyone, but it worked
for us.”
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Hydrocephalus
“Since Tess was born with hydrocephalus, we have
learned to live each day to its fullest and to put
our faith in modern medicine and technology.”

O

ur bodies produce approximately a pint (500 ml) of CSF daily,
continuously replacing CSF as it is absorbed. Under normal conditions
there is a delicate balance between the amount of CSF that is produced and the rate at which it is absorbed. Hydrocephalus occurs
when this balance is disrupted. Although there are many factors that
can disrupt this balance, the most common is a blockage, or obstruction, somewhere along the circulatory pathway of CSF. The obstruction
may develop from a variety of causes, such as brain tumors, cysts,
scarring and infection. Specific causes will be discussed more fully in a
later section.

Tess was born two months early with an
intraventricular hemorrhage, and she was
shunted at four months of age. Through a
High Risk Infant Development Program, she
began receiving physical and occupational
therapy when she was two months old. Her
mom and dad report that Tess is just about
ready to take her first steps.
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Because CSF is produced continuously, when it is blocked it will
begin to accumulate upstream from the site of the obstruction, much
like a river swells behind a dam. Eventually, as the amount of fluid
accumulates, it causes the ventricles to enlarge and pressure to
increase inside the head. This condition is known as hydrocephalus.
Obstruction of the CSF pathway often occurs within the ventricles.
Although it can occur anywhere in the ventricular system, the site of
blockage usually lies either within the narrow passageways connecting
the ventricles or where the CSF exits the fourth ventricle into the subarachnoid space. For example, because of its long, narrow structure,
the aqueduct of Sylvius is especially vulnerable to becoming narrowed
or obstructed, so that it blocks the flow of CSF. Likewise, when the
small openings of the fourth ventricle fail to develop, or develop
improperly, they also may obstruct the flow of CSF. Hydrocephalus of
this kind is called noncommunicating hydrocephalus because the

ventricles no longer provide free passage of CSF through them into the
subarachnoid space.
In some cases of hydrocephalus, CSF flows unrestricted through
the ventricles, but once it reaches the subarachnoid space its flow is
impeded as it passes over the surfaces of the brain. In other cases, the
absorptive sites (arachnoid villi) are blocked. Because the ventricles
remain open and communicate with each other, this type of hydrocephalus is called communicating hydrocephalus.

Signs and Symptoms of Hydrocephalus
In an infant, the most obvious sign of hydrocephalus is an abnormal enlargement of the baby’s head. The soft spot (fontanel) may be
tense and bulging. The scalp may appear thin and glistening, and the
scalp veins may appear to have unnatural fullness (prominence) as
well. When you feel your baby’s head along the suture lines, you may
find that the bones are separated. Symptoms to watch for are vomiting,
sleepiness, irritability and downward deviation of the baby’s eyes (the
sunsetting sign).
Toddlers whose sutures have not yet closed also show the signs of
head enlargement. Older toddlers and children, once their sutures have
closed, will show other symptoms of raised intracranial pressure (ICP)
caused by their enlarged ventricles. Often these symptoms include
headache, nausea, vomiting and sometimes blurred or double vision.
The child might have problems with balance, delayed development in
such areas as walking or talking, or poor coordination. As with infants,
a child may be more irritable or tired than normal. The child may
show a change in personality or be unable to concentrate or remember things, and their school performance may decline. Older children
may have difficulty waking up and staying awake. While at times the
symptoms are very noticeable, other times they can be very subtle and
progress so slowly that only in retrospect are they appreciated.

Eight-year-old Will was diagnosed with
aqueductal stenosis at one month of age
and shunted at six weeks. Says his mother,
“We had a lot of fear when Will was first
diagnosed, but he has surprised us. Will
has developed into a warm, highly social,
athletic boy who is meeting all expectations at school.”
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Causes
A variety of medical problems can cause hydrocephalus. In many
children the problem is there at birth—this kind of hydrocephalus is
referred to as congenital. Most cases of congenital hydrocephalus are
thought to be caused by a complex interaction of genetic and environmental factors. Hydrocephalus that develops later in life in some children, and even in adults, but is caused by a condition that existed at
birth, is still considered a form of congenital hydrocephalus. When
hydrocephalus develops after birth and is caused by a factor such as
head injury, meningitis or a brain tumor, it is termed acquired hydrocephalus. Parents must not blame themselves for their child’s hydrocephalus. In almost all cases the circumstances contributing to a child’s
condition are beyond the parent’s control.
Aqueductal Obstruction (Stenosis)

Sam was born with myelomeningocele and
hydrocephalus. He’s a high school freshman who enjoys nature, boating, computers, playing the trombone in his school
band and competing in wheelchair basketball and track.
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The most common cause of congenital hydrocephalus is obstruction of the cerebral aqueduct—the long, narrow passageway between
the third and fourth ventricle. Aqueductal obstruction may result from
narrowing or blockage of the aqueduct, or may be caused by infection, hemorrhage or a tumor. Fluid accumulates upstream from the
obstruction, producing hydrocephalus.

Neural Tube Defects, or Myelomeningocele
Spina bifida, meaning “open spine,” actually refers to the condition
in which the structures (vertebrae, muscles, ligaments, etc.) supporting
and protecting the spinal cord are impaired, not the spinal cord itself.
Although commonly used, the term spina bifida is better replaced by
the term neural tube defect, or NTD. A myelomeningocele is an
open NTD wherein the spinal cord is exposed at birth and is often
lacking CSF. This form of NTD is associated with widespread abnormalities of the central nervous system, including the Chiari II malformation and hydrocephalus that occur in 90 percent of NTDs. In the
Chiari II malformation, part of the cerebellum and the fourth ventricle

extend downward through the opening at the base of the skull, blocking the flow out of the fourth ventricle and therefore producing hydrocephalus.

Intraventricular Hemorrhage
Intraventricular hemorrhage is an acquired form of hydrocephalus
and most frequently affects premature newborns. It occurs when small
blood vessels lying alongside the ventricular lining rupture. Blood may
block or scar the ventricles or may plug the arachnoid villi, the sites of
CSF absorption along the sagittal sinus. Less frequently, intraventricular
hemorrhage may result from a malformation of blood vessels within
the brain, from a tumor lying near the ventricles or from injury to the
head.

Meningitis
Meningitis is an inflammation of the membranes (meninges) of the
brain and spinal cord. It may be caused by bacterial infections or, less
frequently, viral infections, which can scar the delicate membranes that
line the CSF pathway. Hydrocephalus may develop following meningitis if this scarring restricts or obstructs the flow of CSF as it passes
through the narrow passageways of the ventricles or as it passes over
the surfaces of the brain in the subarachnoid space.

“Having a child with a lifethreatening health problem
can be a very lonely experience. Finding an informed
community has turned loneliness and fear into an opportunity for sharing and personal
growth.”

Head Trauma
A head injury can damage the brain’s tissues, nerves or blood vessels. Blood from these ruptured vessels may enter the CSF pathways.
Because this blood causes inflammation, there may be scarring of the
meninges, or blood cells may block the CSF absorptive sites. When
this occurs, the CSF flow becomes restricted and hydrocephalus develops.
13

Tumors
In children, brain tumors most commonly occur in the back of the
brain (posterior fossa). As a tumor grows it may fill or compress the
fourth ventricle, blocking the flow of spinal fluid. In other areas of the
brain a tumor may similarly block or compress the ventricular system,
causing hydrocephalus.

Arachnoid Cysts
Arachnoid cysts are congenital in origin and may occur anywhere
in the brain. In children, they are often located in the back of the
brain and in the region of the third ventricle. They are CSF-filled cysts
that are lined with the arachnoid membrane (one of the three
meningeal coverings). Some arachnoid cysts are self-contained, while
others may be connected by a passageway with the ventricles or subarachnoid space. The entrapped fluid may block the CSF pathways,
producing hydrocephalus.

Dandy-Walker Syndrome

“Networking is a
vital thing.A lot of this
is up to the parents.
Parents have to start
reaching out.”
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In the Dandy-Walker syndrome, the fourth ventricle is enlarged
because of partial or complete closure of its outlets. In addition, a portion of the cerebellum fails to develop. The Dandy-Walker syndrome
can be associated with abnormal, or a lack of, development of other
parts of the brain as well. Obstruction at the aqueduct may also occur.
In some instances, two shunts are placed in the child’s ventricles—one
in the lateral ventricle and another in the fourth ventricle—to manage
the hydrocephalus.

“It was a real crisis for me.
It was a grieving process.
I was grieving for my perfect child,
and had to let that vision go.”

Creating a strong partnership between professional and family is an essential component of quality health care. Pediatric
neurosurgeon Dr. Phil Cogen explains follow-up scans to
Kevin, who has communicating hydrocephalus subsequent
to an intraventricular hemorrhage, and his mother,
Antoinette.
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Diagnostic Tests
Ultrasonography
Ultrasonography is a medical technique that uses high-frequency
sound waves to outline structures within the head. It takes little time to
perform and is a simple, painless procedure. By the passing of sound
waves through the open fontanel of infants, good pictures (images) of
the ventricles can be obtained to diagnose and follow the course of
hydrocephalus. Because the skull blocks sound waves, ultrasonography cannot be used in an older child, once the fontanel is closed,
unless there is a skull defect (a hole in the skull) through which the
sound waves may pass.

Computed Tomography (CT Scans)
CT scanning is a safe, reliable and painless procedure for diagnosing and assisting in the management of hydrocephalus. It is a sophisticated technique in which an x-ray beam is passed through a patient’s
body and pictures of the internal structures, in this case the brain, are
made by the computer.

Magnetic Resonance Imaging (MRI)
Like the CT scan, MRI is a diagnostic technique that produces
images of the brain—but unlike CT scanning, MRI does not use x-rays.
Instead, MRI uses radio signals and a very powerful magnet to scan
the patient’s body, and the signals are then formed into pictures by a
computer. MRI is a painless procedure and has no known side effects.
There are two types of MRI scans: The Single Shot Fast Spin Echo,
which takes about three minutes and rarely requires sedation, is used
to assess ventricular size. The full MRI, which takes 30 to 60 minutes
and may require sedation, shows more minute details. Before the
longer scans are performed, small children are given a sedative to minimize movement that would cause blurring of the images.
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Enlarged ventricles

Ventricles after shunt placement

Enlarged ventricles

Normal ventricles

Above left: CT scans showing the ventricles as
viewed from the top of the head.
Above right: Ultrasounds showing the ventricles
as viewed from the top of the head.
Bottom left: MRI scans showing the ventricles
from the side view.

Enlarged ventricles

Normal ventricles
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Treatment
T

oday, one of the best and most effective treatments for
hydrocephalus is a surgical procedure in which a flexible tube called a
shunt is placed into the child’s CSF system. Recent medical and
technological advances have led to a new and growing interest in
another treatment, endoscopic third ventriculostomy (ETV), which is
discussed on page 9.

Shunting
Shunt Systems

The shunt diverts the flow of CSF from the ventricles into another
region of the body, most often the abdominal cavity or a chamber of
the heart called the atrium. The shunt tube is about 1/8 inch in diameter and is made of a soft and pliable plastic (usually Silastic) that is
well tolerated by our body tissues. Shunt systems come in a variety of
models but have similar functional components. Catheters (tubing) and
a flow-control mechanism (one-way valve) are components common
to all shunts.

Krystal was born prematurely and had a
very stormy course in the neonatal nursery.
An intraventricular hemorrhage caused
hydrocephalus, and an externalized shunt
was needed to clear an infection. Her pediatric neurosurgeon, Dr. Hal Rekate, says,
“Considering her birthweight and her struggles to survive, Krystal is a testimony to the
strength of babies.”

The parts of a shunt are named according to where they are
placed in the body. The portion of the tube that is inserted into the
ventricles is called the ventricular catheter. The peritoneal catheter is
the portion of the tube that passes the CSF into the abdomen (peritoneal cavity). If the tube is placed into the right atrium of the heart, it
is called the atrial catheter. A valve regulates the pressure of the CSF
flow and prevents the backward flow of spinal fluid toward the ventricles. There are a number of different shunt systems currently available,
examples of which are shown on the next page.
Most shunt systems have an access area—usually referred to as a
reservoir—that allows easy entrance into the system with a fine-gauge
needle in order to obtain CSF. This procedure, called tapping the
shunt, allows the neurosurgeon to measure CSF pressure at that particular point in time. In some cases—but not all—this can give the neuro-
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surgeon a sense of whether or not the shunt is functioning properly.
The CSF that is removed from the reservoir can be sent for analysis,
such as a study of white blood cell count or a culture to look for evidence of infection.
Reservoirs, which are recommended for all shunts, are most commonly associated with the ventricular catheter or incorporated into the
valve system. Some reservoirs are compressible and can act as flushing
devices. Depending upon the design of the system, the reservoir can
push fluid either (most commonly) toward the head or away from the
head. Some systems have a double reservoir, so that when the valve or
reservoir is pumped, fluid can be pushed in either direction.

Redmond’s hydrocephalus was not diagnosed until he was 12 years old; however,
doctors believe it is congenital. After serious
complications, many revisions and a craniotomy, Redmond is now embracing life
with enthusiasm and energetic determination.

Unfortunately, whether or not the shunt pumps normally has little
correlation with the functioning of the shunt. Many shunts may be
working normally even though they don’t pump well, while others that
pump normally may be malfunctioning. It is not advisable to rely on
the pumping characteristics as the sole measure of the shunt’s functioning. Unless specifically advised by your neurosurgeon, pumping of
the shunt is not recommended, as it can produce overdrainage or
plugging of the system.
Placement

Like the parts of the shunt, the procedures used to place the shunt
also are given their names according to where the shunt is placed in
the body. The illustration at the right shows the placement of the
shunt in the two most commonly performed procedures.
A ventriculoperitoneal (VP) shunt diverts CSF from the ventricles into the peritoneal cavity, the space in the abdomen where our
digestive organs lie. The tip of the peritoneal catheter rests in this cavity near the loops of the intestine and bowel, but not inside them. The
CSF shunted to this area is reabsorbed into the bloodstream.
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VP Shunt

VA Shunt

A ventriculoatrial (VA) shunt diverts CSF from the ventricles into
the right atrium of the heart. The atrial catheter is placed into a vein in
the neck and then gently advanced through the vein into the atrium of
the heart. Here the CSF passes directly into the bloodstream.
Placement of the VP shunt is generally the preferred procedure.
On the whole, it has fewer risks and is easier to perform than the VA
shunt procedure. Although other sites in the body may be used to
divert the flow of CSF from the ventricles (such as the lungs, in a ventriculopleural shunt), one would be chosen only if the usual sites for
shunt placement cannot not be used or if the neurosurgeon determines
it to be the most favorable for a particular child’s circumstances.
Surgery

Regularly scheduled follow-up care is
essential for all children with hydrocephalus. Pediatric neurosurgeon Dr.
Alexa Canady examines Tallyah, who has
hydrocephalus associated with Aperts
Syndrome. Most neurosurgeons like to see
their patients once a year, although the
protocol for baseline follow-up scans differs by practice.
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Your neurosurgeon should explain the type of shunt and placement procedure he or she plans to use. The insertion of a shunt is a
relatively short and uncomplicated procedure. The child is brought to
the operating room and is placed under general anesthesia. To ensure
cleanliness, a small region of the scalp may be clipped or shaved, and,
for a ventriculoperitoneal shunt, the entire area from the scalp to the
abdomen is scrubbed with an antiseptic solution. Sterile drapes are
placed over the child. Incisions are made in the head and abdominal
areas. The shunt tube is passed beneath the skin, in the fatty tissue
that lies just below the skin. A small hole is made in the skull, and the
membranes between the skull and brain are opened. The ventricular
end of the shunt is gently passed through the brain into the lateral
ventricle. The abdominal (peritoneal) end is passed into the abdominal
cavity through a small opening in the lining (peritoneum) of the
abdomen. This is where the CSF will ultimately be absorbed. The incisions are then closed. When the procedure is completed, sterile bandages may be applied to the incisions and the child is taken to the
recovery room, where the anesthesia is allowed to wear off.

After the operation, the child will be watched closely as he or she
recovers from surgery and the anesthesia. The neurosurgeon and nurses will check the child’s vital signs and neurological status for signs of
increased intracranial pressure (ICP) that would warn of a shunt malfunction. If the child is an infant, they will check the anterior fontanel
for fullness and measure the head circumference at regular intervals.
They will also watch the incisions for signs of infection. Some redness,
swelling and tenderness are normal for the first week after surgery.
The child may run a mild temperature for two or three days after the
operation—this, too, is quite normal. If the child has a high fever or a
fever that lasts for more than a few days, a surgeon or a pediatrician
will do evaluations to determine what is causing it and how it should
be treated. The neurosurgeon may specify that the child should stay in
a certain body position for a period of time after the operation. For
example, if greater drainage of CSF is necessary, the neurosurgeon
may recommend that the child’s head be elevated.
Shunt surgery usually involves minimal pain for the child. Some
children experience neck and/or abdominal tenderness. Generally,
mild analgesics such as acetaminophen are given. However, other
medications are available to make the child comfortable, especially for
the first few days after the operation. If all goes well and no complications arise, the child will be released from the hospital within one to
three days.
After placement of a shunt, the size of the child’s ventricles usually
decreases. In infants, the fontanel becomes soft and may appear
sunken, and the skull sutures will narrow or possibly even overlap.
Except in infants, the shunt usually is not visible under the skin. A
child whose hydrocephalus was diagnosed and treated early in infancy
will have the same head size as his or her peers.

Ben and his twin brother were born prematurely, and Ben was shunted at six
months due to intraventricular hemorrhage. Despite mild cerebral palsy and
some learning disabilities, Ben is a socially engaging young man who is developing
his talents in speaking and writing as a
mass communications major in college.
Ben enjoys the Internet and his latest
interest is on-line investing.
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Complications
A

“It’s important that
every child have
a good self-image.
We feel our job as
parents is to prepare
all our children to lead
a normal life when
they leave the nest.”

lthough hydrocephalus is almost always treated successfully with
surgical placement of a shunt, shunt malfunction and, less frequently,
infection occur in many cases. Shunt malfunction, which is caused by
obstruction, simply means that the shunt is not able to divert enough
CSF away from the ventricles in the brain. Shunt infection is caused by
the child’s own bacterial infection. These are serious problems and
must be treated appropriately.

Obstruction
When shunt malfunction occurs, it is usually a problem with a partial or complete blockage of the shunt. The fluid backs up from the
site of the obstruction and, if the blockage is not corrected, almost
always results in recurrent symptoms of hydrocephalus. Shunt obstruction can occur in any of the components of the shunt. Most commonly, the ventricular catheter becomes obstructed by tissue from the
choroid plexus or ventricles. The catheters or the valve may become
blocked with blood cells or bacteria.

Infection
Shunt infection usually is caused by a child’s own bacterial organisms; it is not acquired from exposure to other children or adults who
are ill. The most common organism to produce infection is
Staphylococcus epidermidis, which is normally found on the surface of the child’s skin and in the sweat glands and hair follicles deep
within the skin. Infections of this type are most likely to occur one to
three months after surgery but may occur up to six months after the
placement of a shunt. Children with VP shunts are at risk of developing a shunt infection secondary to abdominal infection, whereas children with VA shunts may develop generalized infection, which can
quickly become serious. In either case, the shunt infection must be
treated immediately to avoid life-threatening illness or possible brain
damage.
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Other Complications
Shunts are very durable, but the components of the shunt can
become disengaged or fractured as a result of wear or the child’s
growth, and occasionally they move within the body cavities where
they originally were placed. More rarely, a valve will fail because of
mechanical malfunction. However, it is possible that the valve pressure
for a child’s shunt system might drain fluid too rapidly or too slowly.
To restore a balanced flow of CSF it might be necessary to replace the
shunt with a new shunt containing a more appropriate pressure valve.
Overdrainage of the ventricle could cause the ventricle to decrease in
size to the point where the brain and its meninges pull away from the
skull. If blood from broken vessels in the meninges becomes trapped
between the brain and skull, resulting in a subdural hematoma, further
surgery is required.

Signs of Shunt Malfunction and Infection
Although symptoms of shunt malfunction vary considerably from
child to child, a malfunction generally produces similar symptoms each
time for a particular child. Shunt obstruction produces recurrent symptoms of hydrocephalus, increased intracranial pressure or fluid along
the shunt tract.
With infants, watch for such symptoms as a full and tense
fontanel, bulging of the scalp veins and swelling or redness along the
shunt tract. Also watch for unusual vomiting, irritability, sleepiness and
decreased interest in feeding (infant appears to be less hungry, takes
less volume, etc.). Once a child’s head growth is complete and the
sutures are closed, there are other symptoms to be alert for. Children
and adults may experience headaches, vomiting, irritability and tiredness. Swelling along the shunt occurs less frequently. In the event of
an abrupt malfunction, a child may develop symptoms rapidly, in a
matter of hours or days. Older children and adults may become

Trust and communication are the
cornerstones for building a strong healthcare team. They pave the road in meeting
the child’s total health and developmental
needs. Dr. Roger Hudgins, pediatric
neurosurgeon, chats with 10-month-old
Taylor, who has congenital
hydrocephalus, and her mother.
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increasingly tired, may have difficulty waking up and staying awake
and, unless treated promptly, may go into a coma.
Shunt infection frequently results in fever and may occur alone or
in conjunction with shunt obstruction. Occasionally, shunt infection
may produce reddening or swelling along the shunt tract.

Michael sustained a brain injury at birth
and was shunted 35 years ago. He and his
wife, Eva, are the proud parents of
Michelle. “Shunt technology was very new
when I was born. I feel lucky to be alive.”

Knowing what symptoms to watch for will help you become more
at ease. Although the early symptoms of shunt malfunction or infection—fever, vomiting and irritability—are the same as for many childhood illnesses, you will learn to determine the symptoms associated
with your child’s shunt. Should you have any doubt about your child’s
symptoms, don’t hesitate to call or visit your pediatrician for an evaluation. Remember, although shunt complications can be serious, they can
almost always be treated successfully when they are discovered early.
A review of symptoms to watch for is given on the next page.

“If you deal with a life-threatening condition, it
helps you appreciate each day, and what you have.”
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Symptoms of Shunt Malfunction or Infection
Infants

Toddlers

Children and Adults

Enlargement of the baby’s head

Head enlargement

Vomiting

Fontanel is full and tense when
the infant is upright and quiet

Vomiting

Headache

Headache

Vision problems

Irritability and/or sleepiness

Irritability and/or tiredness

Swelling along the shunt tract

Personality change

Loss of previous abilities
(sensory or motor function)

Loss of coordination or balance

Irritability
Sleepiness

Fever*

Downward deviation of the eyes

Redness along the shunt tract*

Prominent scalp veins
Swelling along the shunt tract
Vomiting
Swelling along the shunt tract
Difficulty in waking up or staying
awake

Less interest in feeding

Decline in academic performance

Fever*

Fever*

Redness along the shunt tract*

Redness along the shunt tract*

*Fever and redness along the shunt tract both indicate infection.

This list of symptoms is for your reference only and is not a diagnostic aid.
If you are in doubt about your child’s medical condition, consult your physician immediately.
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Shunt Revisions
A shunt complication usually requires another operation to make a
surgical revision of the shunt. Depending on the cause of the complication, some or all of the components of the shunt will be replaced. In
the event of infection, the child is given a course of antibiotic therapy
and usually the entire shunt is replaced.

“To me, information
always helped to soothe
and make me feel like
I could contribute
something, rather than
being out of control.”

Although there are exceptional cases in which children receive a
shunt and have no further need for revisions or replacements, these
cases are rare. Experience shows us that some children undergo several revisions throughout their lives. Whether or not other complications
will arise depends on your child’s particular medical problems and
bodily reactions to the surgical procedure and the shunt.
Hydrocephalus, left untreated, may cause severe brain damage
with physical and mental retardation. We wish there were simple
answers about when permanent damage can result—but much
depends upon the timeliness and effectiveness of the treatment or the
occurrence and severity of complications. The best way to prevent the
possibility of your child’s having brain damage is early detection of
problems, should they occur. This is why it is so important that you
learn the signs and symptoms of shunt malfunction and infection and
have your child evaluated regularly by the pediatrician, neurosurgeon
and neurologist.
It is important to develop a strong relationship with the healthcare team and to share information as well. Your pediatrician or
family practice physician will provide your child’s primary health
care and will consult your neurosurgeon if a problem with the shunt
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is suspected. Your neurosurgeon will monitor your child’s ventricles
and will take care of problems associated with the shunt. A neurologist
may follow your child’s neurological status, as well as growth and
development. You are an integral part of your child’s health-care team,
with your own knowledge of your child’s health and history. Together
with the medical professionals, you have the combined skills to provide excellent care for your child.
Some families find peace of mind—and a sense of control—in
having their child carry or wear a medical identification device such as
a surgical shunt I.D. card or a medical I.D. bracelet or necklace. Both
methods of identification provide valuable medical information such as
the names, addresses and telephone numbers of doctors to be contacted in an emergency; shunt type, manufacturer and pressure setting (if
appropriate); and any additional information regarding medical conditions or allergies. Whether or not an identification device is important
to you, it is crucial to keep your child’s medical reports up-to-date and
easily accessible.

Richard has three shunts as a result of
congenital hydrocephalus with no known
cause. An energetic high school student,
Richard specializes in computers—he
designed and maintains his own website.
His mother says that at first they were
devastated by the news and didn’t know
what to do, but now hydrocephalus is just
a normal part of their lives.
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Caring for Your Child
A

“The family is the central
influence in the lives of
children.”

ll children have a need to be their own person as they mature
and explore their world. A child with hydrocephalus is no different. It
is essential that you treat your child as you would any other child, and
that you afford him or her every opportunity to live as normal a life as
possible. The shunt is a very durable device and should pose no special problems to normal handling or to childhood bumps and falls.
Your child should be able to participate in most activities, with the
possible exception of rough contact sports.
You will find that your knowledge and understanding of your
child’s condition will increase together with your confidence and comfort in caring for him or her. When you have questions about hydrocephalus, write them down as they occur to you—and bring the list
with you when you visit your doctor. You may find it helpful to talk to
another family whose child has a similar problem. Also, realize that
there are many resources available to families with children who have
special needs. Begin by asking your nurse or doctor about some of
these possibilities.
Friends and relatives can also offer valuable emotional support.
And don’t forget—all parents need to take time out for themselves.
Allow a relative or a responsible sitter to care for your child from time
to time. Leave important information and telephone numbers where
you can be reached. When your family travels, get the names of medical resource personnel in the area to which you are going, and be
sure to bring along important medical information as a safety measure.
Although the likelihood of an emergency is remote, such preparedness
will allow you greater peace of mind and will avoid unnecessary
inconvenience should a problem arise. Some families choose to live in
an area where access to a large medical center is convenient. If you
live far from a major care center, you must plan to travel at times to
ensure the best possible care for your child.
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Depending on your child’s medical problems, observation and
consultation by other specialists may be needed. Your child should be
referred to a neuro-ophthalmologist to have his or her vision examined. Sometimes parents who wish to have more children are referred
to a specialist for a genetic consultation. The geneticist assesses parents and their child to find possible genetic causes for the child’s medical problem and to determine the likelihood of another baby’s being
born with the same defect. Occupational therapists and educational
psychologists can provide valuable assistance in your child’s development. As advocates for your child, you and your physician must
encourage strong communication and a team effort toward meeting
your child’s total health and developmental needs. Also, let your physician know your needs and concerns as a parent. And finally, make the
effort to gather perspectives from the various health-care providers
working with your child, in order to develop a framework of understanding about your child and this condition. This understanding, combined with your own experience as a parent, will enable you to offer
the encouragement, support and resources your child needs to find
acceptance and success in the world.

“It was hard not to be scared and worried all the
time.We felt so much better after we got accurate
information on hydrocephalus.”

Lexi, age four, her little sister, Chiara, and
her mom and dad savor special moments
together. Diagnosed while in utero at 20
weeks, Lexi underwent cranial reconstruction surgery while still a baby.
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As Your Child Grows Up
A

s with all children, the age at which a child with hydrocephalus
develops physical and intellectual skills varies. Many children with
hydrocephalus have normal intelligence, physical development and
coordination, but they may be slower in acquiring such skills as eyehand coordination and in learning to walk. Each child is different, and
each child’s level of attainment in skills depends upon many factors.
Your child’s developmental progress will be influenced by the nature
of the problem causing the hydrocephalus, by the degree of brain
damage, if any, that occurred before treatment and by infections or
other complications. But a child’s overall development and adaptation
to the world also depends upon the individual child and the attitude
and opportunities afforded him or her by parents and environment.
Seeking a specialized pediatric psychologist can help to maximize
your child’s physical, intellectual, emotional and social development.
Very early on, your child should be evaluated by a pediatric psychologist who has special skills in neuropsychological and emotional assessment. By giving your child a variety of diagnostic tests, the psychologist will be able to identify the strengths and weaknesses in his or her
abilities. And because there are thought to be critical development
stages at which optimum learning takes place, we urge that your child
have regular evaluations.
As an infant, your child will be evaluated for such things as alertness, movement and tracking (responsiveness to sound and moving
objects). As your child gets older, she or he will be evaluated for verbal, intellectual and reasoning skills, as well as for social and emotional growth. All are crucial to sound and full development. Early identification and intervention can help to compensate for known deficiencies
and can stimulate your child’s developing abilities, offering your child
every opportunity to achieve his or her fullest potential. If your pediatrician and neurosurgeon are unfamiliar with a pediatric psychologist
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“When life gets overwhelming for me, I remind
myself to let go and trust—and then to trust, and
let go.”

who does such diagnostic testing, ask them to check with local
resources or the nearest medical center and refer you to one.
As your child reaches school age, developmental testing can provide valuable information to help teachers meet your child’s educational needs. Federal law requires all public schools to address and provide for the educational needs of all children, including those with
special needs. Share relevant information with teachers and others if it
will benefit your child. If you notice a decline in your child’s academic
performance, realize that many factors can contribute to these changes,
including shunt malfunction. Consult your health-care team for an evaluation. They may request an additional evaluation by a psychologist
and, through their assessments, they will determine if your child has a
problem with the shunt and may identify other contributing factors and
offer helpful recommendations.
Challenge your child to seek out his or her potential. Your acceptance and love will have great impact on how he or she perceives himor herself and, ultimately, succeeds in the world. Your positive attitude
and encouragement will afford your child the greatest opportunity to
live a full and happy life.
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Looking to the Future
W

e must look to the future with vision and hope. Medical science is an advancing and dynamic field. Today we have solutions to
medical problems that were not even dreamed of in the past. And
through science and technology people will continue to expand the
limits of what is possible. As we go forward, we must have faith in
ourselves and our children. When faced with life’s challenges, we discover not only personal strengths but also a greater capacity for compassion and love. It is from endeavors like these that we find true
value and meaning in life.

Research and experience
show that children with hydrocephalus
have excellent opportunities to attain their full potential
through comprehensive integrated medical care and
programs that stimulate their development.
Individuals, families and professionals working together
in an atmosphere of mutual trust and respect
ensure that an appropriate, comprehensive,
ongoing care plan is in place.
Walter was diagnosed with hydrocephalus
as a young child, when shunt technology
was first being developed. A junior college
graduate, Walter enjoys performing and
teaching voice, cooking and volunteering
many hours in his community.
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■

Resources
T

he Hydrocephalus Association is a national, 501 (c) (3) nonprofit organization founded in 1983 to provide support,
education and advocacy to individuals, families and professionals. Our goal is to provide comprehensive services that
empower individuals and families to seek out the best medical care, programs and resources that meet their needs now
and in the future.
As the nation’s largest and most widely respected organization dedicated solely to hydrocephalus, the Association has
been instrumental in creating a community of individuals, families and health-care professionals addressing the complexities of hydrocephalus in all age groups—infants, children, young adults and adults. We continually update and expand our
resources to keep pace with new technologies in the diagnosis and treatment of hydrocephalus and stay current with the
needs of the individuals we serve.
Hydrocephalus is a chronic condition. With early detection, effective treatment and appropriate interventional services,
the future for individuals with hydrocephalus is promising. We invite your inquiries.

Resources
About Hydrocephalus—A Book for Families (English or Spanish)
Prenatal Hydrocephalus—A Book for Parents
About Normal Pressure Hydrocephalus—A Book for Adults and Their Families
Directory of Pediatric Neurosurgeons
Directory of Neurosurgeons for Adult Onset Hydrocephalus
LINK Directory
Quarterly Newsletter
The Resource Guide
A Teacher’s Guide to Hydrocephalus
Fact and Information Sheets on a wide range of topics related to hydrocephalus
Annual Educational Scholarships
Annual Neurosurgical Resident’s Prize
Biennial National Conference for Families and Professionals
Hydrocephalus Association 䡲 870 Market Street 䡲 Suite 705 䡲 San Francisco, CA 94102 䡲 Tel:(415)732-7040
Toll-free:(888)598-3789 䡲 Fax:(415)732-7044 䡲 E-mail:Info@hydroAssoc.org 䡲 Website:www.hydroassoc.org
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Health Record
䡲 Name

岼

䡲 Birthdate

䡲 Parent/Guardian

岼 Home

岼 Work

䡲 Neurosurgeon

岼

䡲 Address

䡲 Pediatrician

岼

䡲 Address

䡲 Other Doctors:
Name

岼

䡲 Address

岼

䡲 Address

䡲 Pressure Setting

䡲 Allergies

䡲 Date

䡲 Follow-up

Name
䡲 Type of Hydrocephalus/Other Conditions
䡲 Shunt Name/Type
䡲 Brief Surgical/Medical History

䡲 Medications
䡲 Developmental/Neuropsychological Testing

䡲 Notes/CT, MRI Scans or Head Ultrasounds
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