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Foreword

Nursing care of the pediatric neurosurgery patient and family can be ex-
tremely challenging and extraordinarily rewarding. Cathy Cartwright and
Donna Wallace have edited a wonderful clinical resource to assist nurses in
meeting the challenges. More than 32 contributors from 15 medical centers
have shared their expertise in 12 chapters that delineate the etiology, patho-
physiology, clinical presentation, and management of the most common
neurosurgical problems. The text, tables, illustrations, photographs, radio-
graphs, scans, “pediatric pearls,” and “parent perspectives” combine to
clearly present the essential information about each problem.

The more complex the illness or injury, the greater the potential con-
tribution of the skilled and empathetic nurse to patient and family recov-
ery. To paraphrase a parent quoted in this book, each child with a neuro-
surgical problem will have a unique life story. Although the child’s life
story will be affected by the neurosurgical problem, it will be shaped by
the child’s family and the valuable contributions of nurses such as those
who have authored this book and those who will read it.

Mary Fran Hazinski, MSN, RN, FAAN
Clinical Nurse Specialist, Division of Trauma
Vanderbilt University Medical Center
Nashville, Tennessee, USA



Preface

When we began working in pediatric neurosurgery as advanced practice
nurses, we searched for a reference that would explain the different neuro-
surgical conditions affecting our patients and teach us how to care for
them. There was nothing to be found. We asked our colleagues for a refer-
ence and they, too, had found none. “Someone should write a book about
how to care for pediatric neurosurgery patients,” we all said each time we
met at the AANS pediatric neurosurgery section meeting.

Finally, it dawned on us. We were the someone. We were the ones that
have cared for these children over the years. We were the ones that should
share our experiences and write the book.

And, so, a number of pediatric neurosurgery nurses pooled our expertise
to write this book to teach nurses how to care for children with neurosurgi-
cal conditions. Although not comprehensive in scope, it provides basic
knowledge of the pathophysiology, medical-surgical intervention, nursing
considerations and outcomes for the more common neurosurgical condi-
tions. Each chapter reflects the authors’ experience with a particular topic
in addition to pediatric practice pearls that focus on important issues.

This book would not be possible without the tremendous effort of all
the authors, including those unnamed ones who helped. Putting prac-
tice, and the evidence to support it, to paper can be daunting, especially
when doing so means late nights rewriting drafts, long weekends in the
library and asking your family to be patient for “just a little longer.” Al-
though we are considered a “small niche,” Springer saw the importance of
providing such a reference and we are grateful for the work they did to
bring this to publication.

The editors would also like to acknowledge the University of Missouri
Health Care and Barrow Neurological Institute for providing the atmo-
sphere of learning and support that allows us to care for our patients.

Most of all, this book is for our patients and their families. Thank you
for letting us be a part of your lives in the midst of crisis and when you are
most vulnerable. We recognize that having a child with a neurosurgical
disorder can be a life-changing event and we are honored that you “let us
in.” Itis our hope that his book will inform, teach and guide those who have
accepted the responsibility to care for these children.

Cathy C. Cartwright Donna C. Wallace
Columbia 2007 Phoenix 2007
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B Introduction
N Importance of Neurological Assessment

Serial, consistent, and well-documented neurological
assessments are the most important aspect of nursing
care for the pediatric neurosurgical patient. Subtle
changes in the neurological assessment may first be
noted by a bedside nurse. Keen observation skills and
the ability to extract information about a patient’s
baseline level of neurological function from the par-
ents or primary caregivers are essential. The nurse’s
response to assessment changes is essential to the pre-
vention of secondary neurological sequelae and other
complications associated with neurological disorders
[11]. These potential complications include, among
others, inability to protect the airway, immobility, en-
docrine disorders related to central hormonal dys-
regulation, impaired communication, and behavioral
issues [20].

It is understood that children are not always under
the care and custody of their parents. In this book,
however, the term “parent(s)” is intended to include
family members who have custody of a child, foster
parents, guardians, and other primary caregivers.

n Nursing Approach
to Neurological Assessment

Neurological assessment should be an integral part of
the entire physical assessment. The approach to neu-
rological assessment should be systematic and include
pertinent health history, for example coexisting con-
ditions, the developmental status of the child, the na-
ture and extent of the injury or surgery performed,
and potential complications [9]. Sources of this infor-
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mation include the verbal report or patient record and
the neurosurgeon, neurologist, or other medical pro-
viders. Nurses must be aware that other physical and
developmental disorders not directly associated with
the neurological condition, such as renal, cardiac, or
pulmonary, may also affect the patient’s long-term
prognosis and ultimate quality of life. Care planning
should be a team approach that involves the parents
and the multidisciplinary team to assure optimal out-
comes. Factors that impact the assessment will be the
age of the child, the family dynamics, the nature of
the child’s illness, the setting in which the assessment
takes place, and input from other member of the mul-
tidisciplinary team.

n Diagnostic Imaging and Testing
in Neurological Assessment

Diagnostic imaging and other diagnostic tests play an
important role in understanding the nature of neuro-
logical disorders. Advances in medicine, technology,
and pharmacology have contributed to safer outcomes
for children who may need sedation for diagnostic
tests. Imaging or other tests may be performed to ob-
tain a baseline for future studies.

In general, radiographic or digital imaging is look-
ing at brain structure, while other diagnostic tests
like electroencephalogram (EEG), single photon
emission computed tomography scanning (SPECT),
nuclear medicine scans, and Wada tests are evaluat-
ing specific functions of the brain. Positron emission
tomography (PET) scans look at metabolic function
and utilization of glucose by the brain. Newer tech-
nologies allow for the evaluation of cerebral blood
flow and brain perfusion. Some tests serve both diag-
nostic and therapeutic outcomes (Table 1.1) [19].

N Developmental Assessment:
Growth and Developmental Tasks by Age

Knowledge of human growth parameters and normal
developmental landmarks is critical to the assessment
of each age group. Growth is defined as changes in the
values given certain measurements of maturity; where
as development may encompass other aspects of dif-
ferentiation of form or function, including those emo-
tional or social changes preeminently shaped by in-
teraction with the environment [4].

J.A. Disabato and K.W. Burkett

Serial measurements can indicate the normal or
abnormal dynamics of the child’s growth. One key
growth measurement important to the neurological
assessment of the child is the head circumference.
The measurement is taken around the most promi-
nent frontal and occipital bones which offer the max-
imal circumference. How rapidly the head circumfer-
ence accelerates or decelerates away from the percen-
tile curve can determine whether the underlying
cause of the growth change is more benign or serious.
An example of a benign finding is the presence of ex-
tra-axial fluid collections of infancy, which often
present with an accelerating head circumference.
Generally, the infant with this finding is observed
over time, but no intervention is warranted. On the
other hand, an accelerating head circumference can
also be a sign of increasing intracranial pressure in
uncompensated hydrocephalus, which would require
immediate evaluation and treatment.

Development is the essential distinguishing fea-
ture of pediatric nursing. Normal development is a
function of the integrity and maturation of the ner-
vous system. Only with a working knowledge of age-
related developmental standards can the examiner be
sensitive to the deviations that indicate slight or early
impairment of development and an abnormal neuro-
logical assessment. An abnormality in development
from birth suggests an intrauterine or perinatal cause.
Slowing of the rate of acquisition of skills later in in-
fancy or childhood may imply an acquired abnormal-
ity of the nervous system. A loss of skills (regression)
over time strongly suggests an underlying degenera-
tive disease of the central nervous system [4].

Voluntary motor skills generally develop in a ceph-
alocaudal and proximodistal progression, as it paral-
lels the process of myelination. First the head, then
the trunk, arms, hands, pelvis, legs, bowel, and blad-
der are brought under voluntary control. Early in life,
motor activity is largely reflexive, and generalized
movements predominate. Patterns emerge from the
general to the specific; for example, a newborn’s total-
body response to a stimulus is contrasted with the
older child, who responds through simply a smile or
words. So, as the neuromuscular system matures,
movement gradually becomes more purposeful and
coordinated [33]. The sequence of development is the
same for all children, but the rate of development var-
ies from child to child.

Finally, also important to a complete neurological
exam is an assessment of the child’s cognitive and
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Table 1.1. Neurological diagnostic and imaging modalities. Adapted from Disabato and Wulf (1994) [9] and Barker (2005)
[3]. MRI Magnetic resonance imaging, MRA magnetic resonance angiography, MRV magnetic resonance venography, SPECT
single photon emission computerized tomography, SISCOM subtracted ictal spectroscopy coregistered with MRI, PET positron
emission tomography, EEG electroencephalogram, SSER somatosensory evoked potentials, VEP visual evoked potentials, BAER
brainstem auditory evoked potentials, CNS central nervous system

Diagnostic or imaging

Technology utilized

Nursing and patient considerations

modality

X-rays of the skull
and vertebral column

X-rays to look at boney structures of the skull
and spine, fractures, integrity of the spinal
column, presence of calcium intra-cranially.

Patient should be immobilized in a collar for
transport if there is a question of spinal
fracture.

Cranial ultrasound

Doppler sound waves to image through soft
tissue. In infants can only be used if fontanel
is open.

No sedation or intravenous access needed.
Used to follow ventricle size/bleeding in
neonates/infants.

Computerized tomography
with/without contrast

Differentiates tissues by density relative to wa-
ter with computer averaging and mathematical
reconstruction of absorption coefficient
measurements.

Non-invasive unless contrast is used or
sedation needed. Complications include
reaction to contrast material or extravasation
at injection site.

Computerized tomography -
bone windows and/or three-
dimensional reconstruction

Same as above with software capabilities to
subtract intracranial contents to look specifi-
cally at bone and reconstruct the skull or verte-
bral column in a three-dimensional model.

No changes in study for patient. Used for
complex skull and vertebral anomalies to
guide surgical decision-making.

Cerebral angiography

Intra-arterial injection of contrast medium to
visualize blood vessels; transfemoral approach
most common; occasionally brachial or direct
carotid is used.

Done under deep sedation or anesthesia; local
reaction or hematoma may occur; systemic
reactions to contrast or dysrhythmias; tran-
sient ischemia or vasospasm; patient needs to
lie flat after and CMS checks of extremity
where injection was done are required.

MRI with or without contrast
(gadolinium)

Differentiates tissues by their response to radio
frequency pulses in a magnetic field; used to
visualize structures near bone, infarction,
demyelination and cortical dysplasias.

No radiation exposure; screened prior to
study for indwelling metal, pacemakers,
braces, electronic implants; sedation required
for young children because of sounds and
claustrophobia; contrast risks include allergic
reaction and injection site extravasation.

MRA Same technology as above used to study flow  In some cases can replace the need for cere-
MRV in vessels; radiofrequency signals emitted by bral angiography; new technologies are mak-
moving protons can be manipulated to create  ing this less invasive study more useful in
the image of vascular contrast. children with vascular abnormalities.
Functional MRI Technique for imaging activity of the brain us-  Used in patients who are potential candidates

ing rapid scanning to detect changes in oxygen
consumption of the brain; changes can reflect
increased activity in certain cells.

Physiologic imaging techniques - nuclear medicine imaging

for epilepsy surgery to determine areas of cor-
tical abnormality and their relationship to im-
portant cortex responsible for motor and
speech functions.

SPECT Nuclear medicine study utilizing injection of ~ Often used in epilepsy patients to diagnoses
isotopes and imaging of brain to determine if ~ areas of cerebral uptake during a seizure
there is increased activity in an area of abnor-  (ictal SPECT) or between seizures
mality; three-dimensional measurements of (intraictal SPECT).
regional blood flow.

SISCOM Utilizing the technology of SPECT with MRI to No significant difference for patient; software
look at areas of increased uptake in conjunction as well as expertise of radiologist is used to
with MRI images of the cortex and cortical sur- evaluate study.
face.

PET Nuclear medicine study that assesses perfusion Patient should avoid chemicals that depress or

and level of metabolic activity of both glucose
and oxygen in the brain; radiopharmaceuticals
are injected for the study.

stimulate the CNS and alter glucose metabo-
lism (e.g., caffeine); patient may be asked to
perform certain tasks during study.
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Table 1.1. (Continued)

Electrical studies

EEG Records gross electrical activity across surface  Success of study dependent on placement and

Routine of brain; ambulatory EEG used may be used for stability of electrodes and ability to keep them

Ambulatory 24-48 h with data downloaded after study; vid- on in children; routine studies often miss ac-

Video eo combines EEG recording with simultaneous tual seizures but background activity can be
videotaping. useful information.

Evoked responses Measure electrical activity in specific sensory ~ Results can vary depending on body size, age
pathways in response to external stimuli; signal and characteristics of stimuli; sensation for

SSER average produces waveforms that have anatom- each test will be different for patient — audi-
ic correlates according to the latency of wave tory clicks (BAER), strobe light (VER), or

VER peaks. electrical current on skin — somatosensory

(SSER).
BAER

emotional development. These abilities impact di-
rectly on expectations of the child’s behavioral, social,
and functional capabilities. The younger the child,
the more developmental history is needed from the
parents. Accurate identification of the child’s mastery
of cognitive and emotional developmental milestones,
as it relates to chronological age, is necessary for a
comprehensive neurological assessment.

. Neonate

Aside from head shape and size and assessment of the
fontanels, there are other aspects unique to the neuro-
logical exam of the neonate and/or infant. These are
important to understanding the integrity of the ner-
vous system early in life and are detailed in this sec-
tion (Fig. 1.1).

" Maternal and Pregnancy/Labor

and Delivery History
An interview with the biological mother, or another
familiar with the pregnancy, should include questions
about any maternal illness, nutrition status, drug
and/or alcohol use, chronic diseases, and any medica-
tions taken routinely, including prescription, over-
the-counter, and herbal supplements. Important fac-
tors to know about the delivery include the adminis-
tration of anesthesia or drugs, difficulties with the
delivery such as the need for forceps or vacuum de-
vices, and Apgar scores. A need for supplemental oxy-
gen, glucose, and abnormalities of bilirubin levels are
also important. A history of postbirth infections, a
need for medications and/or seizures may also indi-
cate underlying problems.

Fig. 1.1. Changes in body pro-
portions from second fetal month
to adulthood. Obtained from
Robbins et al. [31]

ﬂ

2 months (fetal) 5 months Newborn 2 years

6 years

12 years 25 years



Physical Appearance

The neonatal period is often defined as the first
4 weeks of life. The neonate may be term or prema-
ture and the physical characteristics of neonates vary
with their gestational age. Inspection of the shape,
symmetry, and mobility of the head of the neonate is
critical for evaluating cranial abnormalities or soft
tissue injuries. Head circumference at term will range
from 34 to 36 cm, within the 25-75% range. Neonates
outside this range should be accurately plotted on the
appropriate growth chart and serially measured [29].
Further examination of the neonate’s head for a pat-
ent fontanel, and tautness and approximation of the
cranial sutures is vital. Fontanels are best palpated
when the neonate is in the upright position and quiet.
The cranial sutures should be well approximated, es-
pecially the coronal, squamosal, and lambdoidal su-
tures, and should not admit a fingertip. The sagittal
suture may be wider in normal newborns, especially
if the baby is premature. The posterior fontanel may
be palpated up to 4 weeks of age. More detailed infor-
mation and illustrations regarding cranial sutures
and related abnormalities can be found later in this
textbook in Chap. 3 (Craniosynostosis).

Spine assessments include evaluation for abnormal
midline lumps, dimples, hairy patches, and palpation
for vertebral anomalies. Skin markings such as pete-
chiae, hemangiomas, and hypopigmented or hyper-
pigmented spots may be present at birth and indica-
tive of neurological congenital conditions. In addi-
tion, congenital anomalies of the heart, lungs, and
gastrointestinal tract may suggest abnormalities of
brain development. However, optic or facial dysmor-
phisms more accurately predict a brain anomaly [8,
25].

Functional Capabilities
Neonatal function is primarily reflex activity and ne-
cessitates the assessment of infantile automatisms (i.
e., those specific reflex movements that appear in
normal newborns and disappear at specific periods of
time in infancy; Table 1.2) [25]. Functional examina-
tion may begin by observation of the neonate in the
supine and prone positions, noting spontaneous ac-
tivity in each position and the presence of primitive
reflexes. The posture of the neonate is one of partial
tlexion, with diminishing flexion of the legs as the
neonate ages. Look for random movements of the ex-
tremities and attempt to distinguish single myoclonic
twitches, which are normal, from the repetitive move-
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ment seen with seizures. Some neonates have an ex-
cessive response to arousal with “jitteriness” or trem-
ulousness. This is a low-amplitude, rapid shaking of
the limbs and jaw. It may appear spontaneously and
look like a seizure. However, unlike seizures, jitteri-
ness usually follows some stimulus, can be stopped by
holding the limb or jaw, and does not have associated
eye movements or respiratory change. When promi-
nent, slow, and coarse, it may be related to central
nervous system stress or metabolic abnormalities, but
otherwise it is often a normal finding [30]. Strength is
assessed by observing the newborn’s spontaneous and
evoked movements and by eliciting specific newborn
reflexes. Neonates with neuromuscular conditions
may manifest with abnormally low muscle tone (hy-
potonia), paradoxical breathing, or contractures. The
neonate is capable of reacting to moving persons or
objects within sight or grasp, both for large and small
objects. Neonates can visually fixate on a face or light
in their line of vision [4]. The quality of the cry can
suggest neurological involvement. A term newborn’s
cry is usually loud and vigorous. A weak or sedated
neonate will cry only briefly and softly, or may just
whimper. A high-pitched cry is often associated with
a neurological abnormality or increased intracranial
pressure (IICP) [27].

Functional capabilities of the preterm infant will
vary by gestational age. Premature infants demon-
strate less strength and decreased muscle tone com-
pared to a term infant (Table 1.2).

Vulnerabilities

The most critical need of both the term and prema-
ture neonate is for the establishment of adequate re-
spiratory activity. Respiratory immaturity added to
the neurological insults from seizures, congenital
conditions (such as spina bifida and genetically linked
syndromes), intraventricular hemorrhage, and hy-
drocephalus all have the capability to severely limit
the neonates’ ability to buffer these conditions. Infec-
tions and gastrointestinal deficiencies also can se-
verely compromise the neonate’s ability to dampen
the physiological effects of neurological conditions.
For the preterm neonate with a neurological disorder,
dampening the effects becomes even more crucial
and makes the preterm infant vulnerable to multisys-
tem failures. Developmental care teams can be mobi-
lized to augment the neonate’s capacity for optimal
growth and interaction with their environment.
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Table 1.2. Interpreting the neurologic examination in the young child. Obtained from McGee and Burkett (2000) [25]

Reflexes

Palmar grasp
P'- birth
D™ - 3-4 months

Methods of Testing

Press index finger against palmar surface;
Compare grasp of both hands.

Responses/Comments

Infant will grasp finger firmly.
Sucking facilitates grasp. Meaningful grasp
occurs after three month.

Plantar grasp
P - birth
D - 8-10 months

Press index finger to sole of foot.

Toes will flex in an attempt to grasp finger.

Acoustic - Create loud noise. Both eyes blink. This reflex may be difficult
cochleopalpebral to elicit in first few days of life.

Rooting Stroke perioral skin or cheek. Mouth will open and infant will turn to

P - birth stimultated side.

D - 3-4 months when awake
D - 3-8 months when asleep

Sucking
P - birth
D - 10-12 months

Touch lips of infant

Infant will suck with lips and tongue.

Trunk incurvation
(Galants)

P - birth

D - 2 months

Hold infant prone in one hand and stimu-
late one side of back about three centime-
ters from midline.

Trunk will curve to stimulated side.

Vertical suspension
positioning

P - birth

D - 4 months

Support baby uppright with hands under
axillae.

Legs flex at hips and knees. Legs extend after
four months. Scissoring of legs indicates spas-
tic paraplegia.

Placing response
P - few days after birth
D - 10-12 months

Hold baby upright with hands under
axillae and allow dorsal surface of foot
to touch undersurface of table without
plantar-flexing foot.

Infant will flex hip and knee and place foot
on table with stepping movement.

Stepping response
P - birth
D - 3 months

Hold infant upright with hands under
axillae and feet flat on table.

Infant will pace forward alternating feet.

Tonic neck reflex
P - birth- 6 weeks
D - 4-6 months

Turn head to one side.

Arm and leg on same side
extend and others flex.

Traction response
P - birth

Pull infant from supine position to sitting
with his hands.

Shoulder muscle movement will be noted.

Perez reflex

Hold in prone position with one hand and

Infant will extend head and spine, flex knees

P - birth move thumb from sacrum to head. on chest, cry, and urinate.

D - 3 months

Moro reflex Create loud noise or sudden movement Infant stiffens, extremities extend, index

P - birth such as extension of the infant's neck. finger and thumb form C shape, and fingers

D - 4-6 months

and toes fan.

P -present D - disappears

Tips in Approach to Child/Family
Observation of the neonate at rest is the first step in a
comprehensive approach to neurological assessment
of the neonate. Usually, the head can be inspected and
palpated before awakening the neonate and measur-
ing the head circumference. Most neonates arouse as
they are unwrapped and responses to stimulus are

best assessed when the neonate is quietly awake. As
the neonate arouses further, the strength of his spon-
taneous and active movement can be observed and
cranial nerves assessed. Stimulation of selected re-
flexes, like the Moro reflex, and eye exam are reserved
for last, since they usually elicit vigorous crying. The
typical cry of an infant is usually loud and angry. Ab-



normal cries can be weak, shrill, high-pitched, or cat-
like. Crying usually peaks at 6 weeks of age, when
healthy infants cry up to 3 h/day, and then decreases
to 1 h or less by 3 months [4]. Consolability, including
the sucking response, can be evaluated whenever the
neonate is agitated. The sequence of the examination
can always be altered in accordance with the new-
born’s state or situation. Excessive stimulation or
cooling may cause apnea or bradycardia in the pre-
term neonate, and components of the exam may need
to be postponed until the neonate is stabilized.

. Infant

Physical Appearance

Infancy is defined as 30 days to 12 months of age. An
infant’s head grows at an average rate of 1 cm/month
over the Ist year. Palpation of the head should reveal
soft and sunken fontanels when quiet and in the up-
right position. A bulging fontanel in a quiet infant
can be a reliable indicator of IICP. However, vigorous
crying of an infant can cause transient bulging of the
fontanel. The posterior fontanels will close by 1-
2 months of age, with wider variability in the anterior
fontanel, often closing between 6 and 18 months of
age. If the sutures close prematurely, evaluate for cra-
niosynostosis. Delayed closure of the sutures may in-
dicate IICP or hydrocephalus, warranting further
evaluation. Inspection of the scalp should include ob-
servation of the venous pattern, because IICP and
thrombosis of the superior sagittal sinus can produce
marked venous distention [4].

Observation of the spine should include an exami-
nation for lumps, bumps, dimples, and midline hem-
angiomas and hair. Examination of rectal tone for an
anal wink should be performed, especially when sus-
picion is present for a spinal dysraphism. Absence of
an anal wink is noted if the anal sphincter does not
contract when stimulated. Identification of a sensory
level of function in an infant with a spinal abnormal-
ity can be very difficult. If decreased movement of the
extremities is noted, observe the lower extremities for
differences in color, temperature, or perspiration,
with the area below the level of spinal abnormality
usually noted to be cooler to touch and without per-
spiration [25].

Neurological Assessment

Functional Capabilities
Assessment of the infant’s function requires knowl-
edge of normal developmental landmarks (Table 1.3).

Vulnerabilities

When typical ages for maturation of selected mile-
stones are not reached and/or primitive reflexes per-
sist beyond their expected disappearance, neurologi-
cal problems may be implicated. Most primitive re-
tlexes have disappeared by the age of 4-6 months,
with reflexes of sucking, rooting during sleep, and
placing responses lingering until later in infancy. Spe-
cifically, if there is persistent rigid extension or flex-
ion of the extremities, opisthotonos positioning (hy-
perextension of the neck with stiffness and extended
arms and legs), scissoring of the legs, persistent low
tone of all or selected extremities, asymmetry of
movement or reflexes, and asymmetrical head rota-
tion to one side, these behaviors alone can suggest
central nervous system disease or insult during this
rapid period of growth and development [21].

Tips in Approach to Child/Family

A comprehensive review of the infant’s developmen-
tal milestones, activity level, and personality is criti-
cal when obtaining a history from the parent. Pictures
of the infant at birth and baby book recordings may
trigger additional input to supplement the history.
Approach to the physical exam in early infancy (be-
fore infant sits alone) at 4-6 months, differs from the
older infant. During early infancy, they can be placed
on the examining table assessing for positioning abil-
ities in prone and supine. Reflexes can be elicited as
extremities are examined. The entrance of stranger
anxiety at 6-8 months of age presents new challenges
and can result in clinging and crying behaviors for
the infant. Reducing separations from the parent by
completing most of the exam on the parent’s lap can
diminish these responses. This is a time to gain coop-
eration with distraction, bright objects, smiling faces,
and soft voices [35]. Use of picture books between in-
fant and parent can provide an environment to dem-
onstrate language abilities. The assessment should
proceed from the least to the most painful or intru-
sive to maximize the infant’s cooperation, and are of-
ten performed in a toe-to-head fashion [21]. Evalua-
tion of muscle strength and tone, and cerebellar func-
tion should precede the cranial nerve examination
with palpation, auscultation, and measurement of the
head reserved for last.
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Table 1.3. Age-appropriate neuroassessment table. A brief guide to developmental milestones in children from infancy to age
12 years as a guide when performing a neurological assessment (Phoenix Children’s Hospital)

Age Gross Motor Fine Motor Personal/social Language
Newborn  Head down with ventral suspension  Hands closed With sounds, quiets if Crying only
Flexion Posture Cortical Thumbing crying; cries if quiet; monotone
Knees under abdomen-pelvis high  (CT) startles; blinks
Head lag complete
Head to one side prone
4 weeks Lifts chin briefly (prone) Hands closed (CT) Indefinite stare at Small, throaty noises
Rounded back sitting surroundings
head up momentarily Briefly regards toy only
Almost complete head lag if brought in front of eyes
and follows only to
midline
Bell sound decreases
activity
6 weeks In ventral suspension head up Hands open 25% Smiles Social smile
momentarily in same plane as body  of time (st cortical input)
Prone: pelvis high but knees no
longer under abdomen
2 months Ventral suspension; head in same Hands open most of ~ Alert expression Cooing
plane as body the time (75%) Smiles back Single vowel sounds
Lifts head 45° (prone) on flexed Active grasp of toy Vocalizes when talked to  (ah. eh, uh)
forearms Follows dangled toy
Sitting, back less rounded, head beyond midline
bobs forward Follows moving person
Energetic arm movements
3 months Ventral suspension; head in same Hands open most of ~ Smiles spontaneously Chuckles
plane as body the time (75%) Hand regard “Talk back” if
Lifts head 45° (prone) on flexed Active grasp of toy Follows dangled toy 180°  examiner nods head
forearms Promptly looks at object and talks
Sitting, back less rounded, head in midline Vocalizes with two
bobs forward Glances at toy put in hand  different syllables
Energetic arm movements (a-a. 00-00)
4 months Head to 90° on extended forearms  Active play with Body activity increased Laughs out loud
Only slightly head lag at beginning  rattles at sight of toy increasing
of movement Crude extended reach  Recognizes bottle and inflection
Bears weight some of time on and grasp opens mouth No tongue thrust
extended legs if held standing Hands together For nipple (anticipates
Rolls prone to supine Plays with fingers feeding with excitement)
Downward parachute Toys to mouth when
supine
6 months  Bears full weight on legs if held Reaches for toy Displeasure at removal Shy with
standing Palmar grasp of cube  of toy strangers
Sits alone with minimal support Lifts cup by handle Puts toy in mouth if Imitates cough and
Pivots in prone Plays with toes sitting protrusion of tongue
Rolls easily both ways Smiles at mirror
Anterior proppers image
7 months  Bears weight on one hand prone Stretches arms to be taken ~ Murmurs “mom”
Held standing, bounces Keeps mouth closed if of-  especially if
Sit on hard surface leaning on fered more food than crying
hands wants Babbles easily

Smiles and pats at mirror

(M’s, D’s, B’s, s)
Lateralizes sound




Table 1.3. (Continued)
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Age Gross Motor Fine Motor Personal/social Language
9 months Sits steadily for 15 min on hard sur-  Picks up small objects  Feeds cracker neatly Listens to conver-
face with index finger Drinks from cup with sation
Reciprocally crawls and thumb help Shouts for attention
Forward parachute (Pincer grasp) Reacts to “strangers”
10 months  Pulls to stand Pokes with index Nursery games Will play peek-a-boo
Sits erect and steadily (indefinitely)  finger, prefers small (i.e., pat-a-cake), and pat-a-cake
Sitting to prone to large objects picks up dropped bottle, to verbal command
Standing: collapses and creeps on waves bye-bye Says Mama,
hands knees easily Dada appropriately,
Prone to sitting easily finds the hidden toy
Cruises - laterally (onset visual
Squats and stoops — does not memory)
recover to standing position
12 months  Sitting; pivots to pick up object Easy pinch grasp with ~ Finds hidden toy under One other word
Walks, hands at shoulder height arm off table cup (noun) besides
Bears weight alone easily Independent release Cooperated with dressing  Mama, Dada
momentarily (ex: cube into cup) Drinks from cup with two  (e.g., hi, bye, cookie)
Shows preference for ~ hands
one hand Marks with crayon on
paper
Insists on feeding self
13 months ~ Walks with one hand Mouthing very little Helps with dressing Three words besides
Explores objects with  Offers toy to mirror image Mama, Dada
fingers Gives toy to examiner Larger receptive
Unwraps small cube Holds cup to drink, tilting  language than
Imitates pellet bottle ~ head expressive
Affectionate
Points with index finger
Plays with washcloth,
bathing
Finger-feeds well, but
throws dishes on floor
Appetite decreases
14 months  Few steps without support Deliberately picks up ~ Should be off bottle Three to four words
two small blocks in Puts toy in container if expressively
one hand asked minimum
Peg out and in Throws and plays ball
Opens small square
box
15 months  Creeps up stairs Tower of two cubes Feeds self fully leaving Four to six words
Kneels without support “Helps” turn pages dishes on tray Jargoning
Gets to standing without support of book Uses spoon turning upside  Points consistently to
Stoop and recover Scribbles in imitation ~ down, spills much indicate wants
Cannot stop on round corners sud-  Completes round peg  Tilts cup to drink, spilling
denly board with urging some
Collapses and catches self Helps pull clothes off
Pats at picture in book
18 months  Runs stiffly Tower of three to four ~ Uses spoon without rota- ~ One-step commands

Rarely falls when walking

Walks upstairs (one hand held-one

step at a time)
Climbs easily

Walks, pulling toy or carrying doll

Throws ball without falling
Knee flexion seen in gait

cubes

Turns pages two to
three at a time
Scribbles
spontaneously
Completes round peg
board easily

tion but still spills

May indicate wet pants
Mugs doll

Likes to take off shoes and
socks

Knows one body part
Very negative oppositions

10-15 words

Knows “hello” and
“thank you”

More complex
‘jargon' rag
Attention span

1 min

Points to one picture
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Table 1.3. (Continued)
Age Gross Motor Fine Motor Personal/social Language
21 months  Runs well, falling some tires Tower of five to six May briefly resist bathing ~ Knows 15-20 words
Walks downstairs with one hand cubes Pulls person to show some- and combines
held, one step at a time Opens and closes small thing Handles cup will Re-  2-3 words
Kicks large ball with demonstration  square box moves some clothing pur-  Echoes 2 or more
Squats in play Completes square peg  posefully Asks for food and Knows own name
Walks upstairs alternating feet with ~ board drink Communicates toilet Follows associate
rail held needs helps wit h simple commands
household tasks 3 body
parts
24 months  Rarely falls when running Tower of six to seven  Uses spoon, spilling little ~ Attention span 2 min
Walks up and down stairs alone cubes Dry at night Jargon discarded
one-step-at-a time Turns book pages Puts on simple garment Sentences of two to
Kicks large ball without singly Parallel play three words
demonstration Turns door knob Assists bathing Knows 50 words
Claps hands Unscrews lid Likes to wash 6 dry hands ~ Can follow two-step
Overthrow hand Replaces all cubes in Plays with food commands (ain’t)
small box + body parts Refers to self by
Holds glass securely Tower of 8. Helps put name
with one hand things away Understands and
asks for “more”
Asks for food by
name
Inappropriately uses
personal pronouns
(e.g., me want)
Identifies three
pictures
3-5 years Pedals tricycle Copies circles Group play Uses three-word
Walks up stairs alternating feet Uses overhand throw  Can take turns sentences
Tip toe
Jump with both feet
5-12 years  Activities of daily living Printing and cursive ~ Group Sports Reads and under-
writing stands content
Spells words
M Toddler recognition of subtle neurological abnormalities like
new-onset torticollis, abnormal gait patterns, and loss
Physical Appearance of previously achieved milestones.

During the toddler years of age 1-3 years, brain
growth continues at a more gradual rate. Head growth
measurements for boys average 2.5 cm/year and girls
slightly less with a 2 cm/year increase. From age 24—
36 months, boys and girls both slow to only 1 cm/year.
The toddler’s head size is only one-quarter the total
body length. The toddler walks with a wide-based
gait at first, knees bent as feet strike the floor flat. Af-
ter several months of practice, the center of gravity
shifts back and trunk stability increases, while knees
extend and arms swing at the sides for balance. Im-
provements in balance and agility emerge with mas-
tery of skills such as running and stair climbing. In-
spection of the toddler's head and spine are aimed at

Functional Capabilities

Cortical development is 75% complete by the age of
2 years; therefore, the neurological response of the
child over 2 years old is similar to that of the adult.
Most toddlers are walking by the 1st year, although
some do not walk until 15 months. Assessment of lan-
guage close to the age of 3 years is the first true op-
portunity for a cognitive assessment (Table 1.3).

Vulnerabilities
Greater mobility of the toddler gives them access to a
larger number of objects, and, as exploration increas-
es, this makes them more at risk for injury. Physical



limits on their explorations become less effective;
words become increasingly important for behavior
control as well as cognition. Delayed language acqui-
sition can be identified at this age and may represent
previously unrecognized developmental issues.

Tips in Approach to Child/Family

The neurological exam is approached systematically,
beginning with an assessment of mental/emotional
status and following with evaluation of cranial nerves,
motor and sensory responses, and reflexes. The tod-
dler may interact better on the parent’s lap or floor of
the exam room. Initially, minimal physical contact is
urged. Later inspection of the body areas through
play with “counting toes” and “tickling fingers” can
enhance the outcomes of the exam. Exam equipment
should be introduced slowly and inspection of equip-
ment permitted. Auscultate and palpate the head
whenever quiet. Traumatic procedures such as head
measurements should be performed last. Critical por-
tions of the exam may require patient cooperation,
and consideration should be given to completing
those components first (e.g., walking and stooping
abilities).

. Preschooler

Physical Appearance

This period is defined as ages 3-5 years. Visual acuity
reaches 20/30 by age 3 years and 20/20 by age 4 years.
Handedness is usually established after age 3 years. If
handedness is noted much earlier, spasticity or hemi-
paresis should be suspected. Bowel and bladder con-
trol emerge during this period. Daytime bladder con-
trol typically precedes bowel control, and girls pre-
cede boys. Bed-wetting is normal up to age 4 years in
girls and 5 years in boys [4].

Functional Capabilities
Although the brain reaches 75% of its adult size by the
age of 2 years, cortical development is not complete
until the age of 4 years (Table 1.3).

Vulnerabilities
Highly active children face increased risks of injury.
Helmet and bike safety programs are essential ingre-
dients to reducing such risks. Given the escalating
language abilities of the preschooler, speech and lan-
guage delays can be detected with a greater assurance

Neurological Assessment

than in the toddler period. Persistent bowel or blad-
der incontinence may indicate a neurogenic bladder,
which can be a sign of spine anomalies.

Preschoolers can control very little of their envi-
ronment. When they lose their internal controls, tan-
trums result. Tantrums normally peak in prevalence
between 2 and 4 years of age. Tantrums that last more
than 15 min, or if they are regularly occurring more
than three times a day, may reflect underlying medi-
cal, emotional, or social problems.

Tips in Approach to Child/Family

To maximize the preschooler’s cooperation during
the neurological assessment, many approaches can be
offered. The presence of a reassuring parent can be
more comforting to a preschooler than words. The
older preschooler may be willing to stand or sit on the
exam table, while the younger preschooler may be
content to remain in the parent’s lap. If the preschool-
er is cooperative, the exam can proceed from head to
toe; if uncooperative, the approach should be as for
the toddler exam. Equipment can be offered for in-
spection and a brief demonstration of its use. Formu-
lating a story about components of the assessment,
such as “I'm checking the color of your eyes,” can
maximize the child’s cooperation. The examiner can
make games out of selected portions. Using positive
statements that expect cooperation can also be help-
ful (e.g., “Show me your pretty teeth”).

B school-Age Child

Physical Appearance

This is the phase of the middle childhood years aged
5-12 years. The head grows only 2-3 cm throughout
the entire phase. This is a reflection of slower brain
growth with myelination complete by 7 years of age.
Muscular strength, coordination, and endurance in-
crease progressively throughout this growth period.
School children’s skills at performing physical chal-
lenges like dribbling soccer balls and playing a musi-
cal instrument become more refined with age and
practice.

Functional Capabilities
School-aged children are able to take care of their
own immediate needs and are generally proficient in
the activities of daily living. Motor skills are continu-
ing to be refined. Children at this age participate in

11
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extracurricular and competitive activities outside of
school in arenas such as academic clubs, sports, art,
and music. Their world is expanding and accomplish-
ments progress at an individual pace.

School makes increasing cognitive demands. Mas-
tery of the elementary curriculum requires that a
large number of perceptual, cognitive, and language
processes work efficiently. By third grade, children
need to be able to sustain attention through a 45-min
period. The goal of reading becomes not only sound-
ing out the words, but also understanding the con-
tent, and the goal of writing is no longer spelling but
composition. By the third or fourth grade, the cur-
riculum requires that children use these fundamen-
tals to learn increasingly complex materials. If this
critical leap in educational capabilities is not made,
then what appear as subtle deficits in academic per-
formance in the third or fourth grade can translate
into insurmountable academic challenges in the fifth
and sixth grades.

Vulnerabilities

The most significant vulnerabilities of children this
age are to injury. They are now mobile, in neighbor-
hoods, playing without supervision. Children with
physical disabilities may face special stresses because
of their visible differences, whereas those children
with silent handicaps (e.g., traumatic brain injury,
seizure disorders) may experience acute and daily
stressors as differences surface in peer relationships
and school performance.

Tips in Approach to Child/Family

For the neurological exam of school-age children,
they usually prefer sitting and are cooperative in most
positions. Most children this age still prefer a parent’s
presence. The assessment usually can proceed in a
head-to-toe direction. Explaining the purpose of the
equipment and significance of the procedure, such as
the optic exam, can further reduce anxiety and maxi-
mize consistent findings.

. Adolescent

Physical Appearance
Adolescence is generally considered the time when
children undergo rapid changes in body size, shape,
physiology, and psychological and social functioning.
For both sexes, acceleration in stature begins in early
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adolescence, but peak growth velocities are not
reached until middle adolescence. Boys typically peak
2-3 years later than girls and continue their growth
in height for 2-3 years after girls have stopped. The
development of secondary sex characteristics are usu-
ally classified by Tanner’s stages of sexual maturity
(or sexual maturity ratings), and define sequential
changes in pubic hair, breast changes, and testicular
and penile growth [4].

Functional Capabilities
Motor skills are refined into an adult pattern. The
functional development of this age group is marked
by pubertal changes, which can affect self-esteem.
They are able to construct a reasonable evaluation of
consequences for risk-taking behaviors.

Vulnerabilities

Adolescents are vulnerable to traumatic brain and
spinal cord injuries due to frequent engagement in
risk-taking behaviors. Injury prevention programs
are geared to reduce teens’ participation in risk-tak-
ing behaviors like drinking and driving, but knowl-
edge does not consistently control behavior. As an age
group, adolescents sustain the highest number of
traumatic brain injuries from motor vehicle collisions
as unbelted passengers and inexperienced drivers.
The growth of competitive sports has also contribut-
ed to increasing injuries. Teenagers are also vulnera-
ble to the onset of a seizure disorder in the presence of
a previously known or unknown low seizure thresh-
old, compounded by the major hormonal changes
that occur during this developmental phase.

Tips in Approach to Child/Family

The assessment of an adolescent can proceed in the
same position and sequence as for a school-aged child.
Offering the option of a parent’s presence is impor-
tant when developmentally appropriate. If the parent
is interviewed alone, it should be done first, before the
interview with the child to avoid undermining the
adolescent’s trust. For many neurosurgical condi-
tions, the teenager may be anxious about the outcome
of the assessment and will want the parent(s) present.
It remains important to continue to respect the need
for privacy during the spine assessment, along with
ongoing explanations of the findings.



N Developmental Assessment Tools

With the diagnosis of a neurosurgical condition, of-
ten comes the awareness of potential or realized de-
velopmental delays. A comprehensive approach to as-
sessment includes a family history, developmental
observations, comprehensive neurological assess-
ment, and developmental screening. Selected screen-
ing tools can aid in early identification of develop-
mental delays.

There are few currently available screening tools
that are equally accurate in detecting developmental
delays in speech, language, fine and gross motor ac-
tivities, and emotional and intellectual development
[13]. It is recommended that developmental skill at-
tainment not be based on any one assessment tool
(Table 1.4).

When administering a developmental assessment
tool, knowledge of the child’s neurological condition
is important for interpreting the results. For instance,
a child that shows language delays may also have a
hearing impairment, which will skew the language
assessment. Obtaining a standardized score may also
depict the child’s developmental abilities, and guide
the nurse in describing to the family developmental
strengths and weaknesses. Tools should be used as
only a component of developmental surveillance and

part of a continuous comprehensive approach that in-
cludes the parent(s) as partners with professionals
[13].

The goal of a comprehensive developmental ap-
proach in the hospital or outpatient setting is to deter-
mine the most appropriate developmentally based
neurosurgical care for the patient. Treatment for iden-
tified needs can be better directed toward the devel-
opmental age of the child, which, if different from the
chronological age, will impact the assessment and pa-
tient care of the child. This developmental informa-
tion can guide the nurse in planning for the child’s
home care, including targeted resources such as early
intervention services, adapted educational plans, re-
habilitation and therapy services.

B Hands-On Neurological Assessment

The importance of the well-documented neurological
assessment on a child with a neurological diagnosis
cannot be understated. Keen observation can give the
nurse information regarding a child’s level of neuro-
logical irritability and motor abilities, including the
presence of any asymmetry of movements. The need
for a systematic approach cannot be overstated. Re-
peating the assessment in the same order each time

Table 1.4. Developmental screening tools commonly used to assess child development. Data from references: Behrman et al.
(2004) [4] and Wong et al. (2000) [35]

Tool name Revised Denver Prescreening Developmental Draw a person
developmental developmental ques-  profile IT (DAP) test
screening test tionnaire
(Denver II) :8:0010))

Author Frankenburg [13] Frankenburg et al. [14]  Alpern etal. [1] Goodenough [15]

Items scored Gross motor Parent answered Physical Score for body parts
Fine motor prescreen of items Self-help
Language on Denver II Social
Personal-social Academic

Communication

Age range Birth-6 years Birth-6 years Birth-7 years 5-17 years

Interview Parent/child Parent only Parent/child Child only

Testing time 30-40 minutes 15-20 min 20-40 min As needed

Training/certified Yes Self-instruction Self-instruction Self-instruction

Pros/cons Range of items Parent report Range of items Nonverbal
Identify child’s Can rescreen Low rate of sensitivity =~ Nonthreatening
strengths/weakness If delays administer Cultural unbias
Validity tested Denver II Few items to score
Cultural bias Gives IQ score

Teaching tool
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avoids the pitfall of missed information. Bedside as-
sessment should be done when changing caregivers to
give the nurse a framework on which to base her de-
scription of changes in the assessment [9, 18, 22]. The
order of the pediatric neurological assessment in the
acute care setting is as follows:

Appearance and observation

. Level of consciousness

Cranial nerve assessment

. Vital signs

Motor sensory function

. Assessment of reflexes

Gait and balance

. Assessment of external monitoring apparatus

© N U AW~

n Appearance and Observation

Head Size, Shape, and Fontanels
Accurate measurement of occipital-frontal circum-
ference is vital. If the child is unconscious, careful
placement of the tape while the patient is supine is im-
portant. In children under the age of 2 years with a
normally shaped skull, this measurement is taken just
above the eyes and over the occipital ridge.

Palpation of the scalp is done to look for any altera-
tion in the skin integrity of the scalp and to feel for
any abnormal suture ridges or splitting of the sutures.
In the injured child, care should be taken to both vi-
sually examine and palpate the entire scalp to look
and feel for open lacerations and/or subgaleal hema-
tomas. In children with thick hair, adequate light and
assistance with alignment while moving the child is
important. Pressure sores can develop in the posterior
scalp in the area of the occipital protuberance from
swelling and prolonged dependent position of the
scalp.

Microcephaly is the term used to describe infants
whose head does not grow secondary to lack of brain
growth. Causes include acquired factors occurring
during pregnancy (intrauterine infection, radiation
exposure, alcohol or drug teratogenic effects) and fa-
milial syndromes, such as familial microcephaly,
which is an autosomal recessive disorder. The defini-
tion is a head circumference that falls more than two
standard deviations below the mean for age and sex.
The head appears disproportionately small and many
of these children have significant neurological dis-
abilities, including mental retardation and seizures,
among others.

J.A. Disabato and K.W. Burkett

Megalencephaly or macrocephaly refers to an un-
usually large head and skull with a circumference that
is greater than two standard deviations above the
mean for age and sex. There are many causes for this
including hydrocephalus, expanding cysts or tumors,
endocrine disorders, congenital syndromes or chro-
mosomal abnormalities. Asymptomatic familial
megalencephaly is when the head is large but follows
the shape of the growth curve, appears to be geneti-
cally determined and does not result in IICP or other
neurological or developmental problems [9].

. Level of Consciousness

Arousal and Content (Awareness)

Level of consciousness (LOC) is comprised of both
arousal and content. The assessment of LOC is the
most important task that the nurse will perform as
part of the overall assessment. The primary goal is to
identify changes that may indicate deterioration so
that early intervention can prevent complications that
may influence overall outcome. Most institutions will
use a standardized tool for serial assessments of LOC.
In pediatrics, the most commonly used tool is the
Modified Glasgow Coma Scale for Infants and Chil-
dren (Table 1.5). There are many variants of this scale
in use currently. Although these scales were initially
used for children who had been injured, they are now
used for assessing LOC in inpatient pediatric settings
for all diagnoses.

Neuroanatomic correlates of consciousness spe-
cific to arousal are located in the reticular activating
system of the brainstem, just above the midbrain. The
assessment of consciousness is closely tied to the as-
sessment of eye findings because of the anatomic
proximity of the midbrain to the nuclei of cranial
nerves III, IV, and VI - which together control pupil-
lary responses and eye mobility. Anatomic correlates
of the level of awareness (mentation) once the child is
aroused are located in the cerebral cortex. If a patient
has an altered LOC, the first step will be to assess
arousal [18].

The nurse should first attempt to arouse the child
from sleep using the least amount of stimulation nec-
essary to evoke the best response from the child. Vi-
sual stimuli should be first, followed by auditory
stimuli like saying the child’s name, and finally tac-
tile, by touching the child. Each of these should be
applied in increasing levels of intensity with a soft



voice, dim light, and gentle touch first, followed by a
louder voice, brighter light, and firmer tactile stimu-
lation. In cases where this level of stimulus does not
cause arousal, noxious stimuli, which would be con-
sidered painful to a child who is fully aware, are
used.

Noxious stimuli should be forceful, yet not injure
the child. Central stimulus should be applied before
peripheral stimulus. A response to central stimulus
indicates that the movement is a result of a cortical
response, rather than a spinal or reflex response.
Three commonly used central stimuli are the trape-
zius squeeze, mandibular pressure, and sternal rub.
The sternal rub is the most common central stimulus
used in pediatrics. A single fisted hand is used with
the knuckles lightly applied to the child’s sternum.
Pressure should be for a minimum of 15 s or until a
response is obtained, and no longer than 30 s. If there
is no response to central stimulus or the response in-
dicates that one or two limbs are not responding as
the others are, peripheral stimulus to the affected
limbs should be applied; for example, place a pencil
between two fingers and squeeze the fingers together
[23].

With any stimulus in the less than fully conscious
patient, observation of how the child responds is
thought of in terms of either a generalized or local-
ized response. A generalized response is one where
the child shows general agitation or has increased
movement to the stimulus. A localized response is
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one where the child shows evidence of awareness of
where the stimulus is coming from, perhaps reaching
to push the examiner away or trying to pull the limb
away from the examiner.

The level of the response to stimulus is assessed
once it has been determined that the child is arous-
able. Determining whether a child is oriented to per-
son, place, and time is more challenging because of
developmental influences. The pediatric nurse is
more likely to report that the child is oriented to the
presence of known caregivers, favorite objects (toys or
stuffed animals), and other developmentally appro-
priate stimuli. The ability to follow commands may
rely more on the examiner’s knowledge of what com-
mands a certain age child would be likely to follow.
This assessment distinguishes between simple and
more complex commands. Examples of simple com-
mands are “stick out your tongue” and “squeeze my
hand.” More complex commands involve two or three
steps and require a higher level of processing. An ex-
ample would be, “can you kiss your bear and give it to
your mommy.” Parents and others who know the
child well are often helpful in assessing subtle changes
in awareness.

With a fully awake child, awareness is assessed by
asking the child more questions related to orientation
to place and time, assessing memory by giving them
three simple words to remember and asking them to
repeat them several minutes later. Children are more
likely to be engaged if the examiner is utilizing cur-

Table 1.5. Modified Glasgow Coma Scale for infants and children. Coma scoring system appropriate for pediatric patients.

Obtained from Marcoux (2005) [24]

Activity Score Infant/non-verbal child (<2 years) Verbal child/adult (>2 years)
Eye Opening 4 Spontaneous Spontaneous
3 To Speech To verbal stimuli
2 To Pain Only To pain only
1 No Response No response
Motor Response 6 Normal/ spontaneous movement Obeys commands
5 Withdraws to touch Localizes pain
4 Withdraws to pain Flexion withdrawal
3 Abnormal flexion (decorticate) Abnormal flexion
2 Extension (decerebrate) Extension (decerebrate)
1 No response No response

2-5 years > 5 years

Verbal Response 5 Cries appropriately, coos Appropriate words Oriented
4 Irritable crying Inappropriate words Confused
3 Inappropriate screaming / crying Screams Inappropriate
2 Grunts Grunts Incomprehensible
1 No Response No response No Response
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rent events, holidays or school routines, questions
about pets or other topics that are familiar to the child

[9].

. Cranial Nerve Assessment -
Brainstem Function

Cranial nerve assessment is basically an assessment of
brainstem function because nuclei of 10 of the 12 cra-
nial nerves are located in the brainstem. The proxim-
ity of these nuclei to the reticular activating system
(arousal center) located in the midbrain is the ana-
tomic rationale for assessing cranial nerves in con-
junction with LOC. Important neurological functions
and protective reflexes are mediated by the cranial
nerves and many functions are dependent on more
than one nerve. Some of the cranial nerves have both
motor and sensory functions (Fig. 1.2, Table 1.6).
The two cranial nerves that do not arise in the
brainstem are the olfactory nerve (CN I) and the optic
nerve (CN II). CN I is located in the medial frontal
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lobe and is responsible for the sense of smell. This can
be difficult to assess in the younger child, so is often
omitted unless there is specific concern that there has
been damage in that area. Taste may also be affected
with injuries to CN I. CN II is assessed by determin-
ing a child’s visual acuity. This may be done more for-
mally with visual screening or more generally by not-
ing if the child’s vision appears normal in routine ac-
tivities [22].

Pupil size and response to direct light are mediated
by CN II and the oculomotor nerve (CN III) as well as
the sympathetic nervous system. Many things can af-
fect the pupillary response in a child, including dam-
age to the eye or the cranial nerves, pressure on the
upper brainstem, local and systemic effects of certain
drugs, anoxia, and seizures. Pupillary size varies with
age and is determined by the amount of sympathetic
input, which dilates the pupil and is balanced by the
parasympathetic input on CN III, which constricts
the pupil. Pupillary response in the eye that is being
checked with direct light as well as the other pupil
(consensual response) are significant in that they can

Name Location

Opticll

} Cerebral hemisphere

Olfactory |

Oculomotor il

+— Midbrain

Trochlear IV

k /( ] Trigeminal V

Abducens VI

— Pons

Facial VII

Acoustic VI ]
Glossopharyngeal IX
Vagus X

Hypoglossal XII — Medulla

Accessory XI

Fig. 1.2. Diagram of the base of the brain showing entrance and exits of the cranial nerves. Obtained from Hickey (2003) [20]



Table 1.6. Assessment of cranial nerves in the child. Obtained from Hadley (1994) [17]. S Sensory, M motor, EOM extraocular

movement

Cranial

Test for function

I Olfactory (S)

Olfactory nerve, mucous membrane of nasal
passages and turbinates

II Optic (S)

With eyes closed child is asked to identify familiar odors such as peanut
butter, orange, and peppermint. Test each nostril separately

Optic nerve, retinal rods and cones

Check visual acuity, peripheral vision, color vision, perception of light in
infants, fundoscopic examination for normal optic disk

III Oculomotor (M)

Muscles of the eyes (superior rectus, inferior
rectus, medial rectus, inferior oblique)

Muscles of iris and ciliary body

Levator palpebral muscle

Have child follow an object or light with the eyes (EOM) while head
remains stationary. Check symmetry of corneal light reflex. Check for
nystagamus (direction elicited, vertical, horizontal, rotary).

Check cover-uncover test.

Reaction of pupils so light, both direct and consensual, accommodation

Check for symmetric movement of upper eyelids. Note ptosis

IV Trochlear (M)

Muscles of eye (superior oblique)

Check the range of motion of the eyes downward (EOM). Check for
nystagmus

V Trigeminal (M, S)

Muscles of mastication (M)

Sensory innervation of face (S)

VI Abducens (M)

Palpate the child’s jaws, jaw muscles, and temporal muscles for strength and
symmetry. Ask child to move lower jaw from side to side against
resistance of the examiner’s hand

Test child for sensation using a wisp of cotton, warm and cold water in test
tubes, and a sharp object on the forehead, cheeks, and jaw. Check corneal re-
flex by touching a wisp of cotton to each cornea. The normal response is blink

Muscles of eye (lateral rectus)

Have child look to each side (EOM)

VII Facial (M, S)

Muscles for facial expression

Sense of taste on anterior two-thirds of tongue.
Sensation of external ear canal, lachrymal,
submaxillary, and sublingual glands

Have child make faces: look at the ceiling, frown, wrinkle forehead, blow out
cheeks, smile. Check for strength, asymmetry, paralysis

Have a child identify salt, sugar, bitter (flavoring extract), and sour
substances by placing substance on anterior sides of tongue. Keep tongue out
until substance is identified. Rinse mouth between substances

VIII Acoustic (S)
Equilibrium (vestibular nerve)

Auditory acuity (cochlear nerve)

IX Glossopharyngeal (M, S)

Note equilibrium or presence of vertigo (Romberg sign)

Test hearing. Use a tuning fork for the Weber and Rinne tests.
Test by whispering and use of a watch

Pharynx, tongue (M)

Sense of taste posterior third of the tongue

Check elevation of palate with “ah” or crying. Check for movement and
symmetry. Stimulate posterior pharynx for gag reflex

Test sense of taste on posterior portion of tongue

X Vagus (M, S)
Mucous membrane of pharynx, larynx, bronchi,

lungs, heart, esophagus, stomach, and kidneys

Posterior surface of external ear and external
auditory meatus

Note same as for glossopharyngeal. Note any hoarseness or stridor. Check

uvula for midline position and movement with phonation. Stimulate uvula
on each side with tongue depressor - should rise and deviate to stimulated
side. Check gag reflex. Observe ability to swallow




Table 1.6. (Continued)
Cranial
XI Accessory (M)

Sternocleidomastoid and upper trapezius
muscles
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Test for function

Have child shrug shoulders against mild resistance. Have child turn head
to one side against resistance of examiner’s hand. Repeat on the other side.

Inspect and palpate muscle strength, symmetry for both maneuvers

XII Hypoglossal (M)

Muscle of tongue

Have child move the tongue in all directions, then stick out tongue as far as

possible: check for tremors or deviations. Test strength by having child push
tongue against inside cheek against resistance on outer cheek. Note strength,
movement, symmetry

point to where damage to nerves exists and are an ob-
jective clinical sign that can be followed over time

1.

N Visual Field Testing
and Fundoscopic Examination

Visual field testing and fundoscopic examination are
usually not performed by the bedside nurse, but they
are important to the assessment of the function of CN
IL. If the child is awake and able to cooperate, the ex-
aminer will position themselves about 2-3 feet (6-
9 m) in front of the patient and have the patient look
directly at their nose while bringing a brightly colored
object from the periphery (right, left, upper, and low-
er) into the central visual area. The child is asked to
indicate when they see the object and this is compared
with the examiner’s ability to determine if there is a
gross defect in the visual field. In the nonacute set-
ting, formal visual field testing is done by a pediatric
ophthalmologist and generates a computerized report
showing whether the visual field is full or has areas
where vision is absent. This baseline determination is
required in patients undergoing epilepsy surgery,
where cortical resection in the area of the temporal
lobe is often proximate to, or overlaps with, the optic
nerves as they project from the retina in a posterior
fashion to the occipital lobe [28].

Fundoscopic examination in the acute setting is
utilized to look for evidence of papilledema and/or
retinal hemorrhages. The former is a sign of IICP,
generally of a gradual and long-standing nature. The
latter is a sign of traumatic injury to the retina as a
result of infant shaking in cases of nonaccidental
trauma or child abuse.

Extraocular eye movements (EOM’s) are mediated
by three cranial nerves (III, IV, and VI) as well as the

medial longitudinal fascicules tract of the midbrain
and pons, and the vestibular system. Eye movements
are observed using an object, toy, or just by having the
child follow the examiner’s finger. The primary de-
scriptors used to describe EOM’s are “intact” or “con-
jugate” if they are normal, indicating that the eyes
move together, and “dysconjugate” when they do not
move together. Fixed eye movements, a gaze prefer-
ence (eyes returning to right or left gaze, even if brief-
ly tracking), or roving eye movements indicate dam-
age to nerves and other brain structures. Nystagmus
is defined as involuntary back and forth or cyclical
movements of the eyes. The movements may be rota-
tory, horizontal, or vertical, and are often most no-
ticeable when the child gazes at objects in the periph-
ery or that are moving by rapidly. The presence of
nystagmus indicates structural lesions or changes in
the brainstem, cerebellum, or vestibular system, but
can also be present as a result of drug intoxications,
notably phenytoin [3, 20].

The motor component of the trigeminal nerve (CN
V) supplies innervation to the chewing muscles, and
the sensory component has three branches that sup-
ply sensation to the eye, face, and jaw. Trigeminal
nerve function is evaluated in comatose patients when
corneal sensation is tested with a wisp of cotton (re-
ferred to as the corneal reflex). A lack of response in-
dicates pressure on or damage to CN V.

The facial nerve (CN VII) innervates the muscles
of the face, as well as supplying the anterior two-
thirds of the tongue with sensory input allowing for
taste of sweet, sour, and salty foods. This is tested by
looking closely for symmetry while asking the child
to smile, frown, make a face, or “blow-up” their
cheeks. Formal testing of taste is usually deferred in
the acute care setting.



The acoustic nerve (CN VIII) has a cochlear divi-
sion, which is responsible for hearing, and a vestibu-
lar division, which is responsible for balance. A quick,
albeit gross, method of testing hearing is to hold a
ticking watch or rubbing strands of hair together near
the child’s ear and ask if they can hear the sound and
describe what it is they are hearing.

Three of the lower cranial nerves, the glossopha-
ryngeal, vagus, and hypoglossal nerves (CNs IX, X,
and XII, respectively), are often referred to as a whole
in the clinical setting because of their roles in swal-
lowing and the ability to gag and cough, which ulti-
mately support the integrity of the airway. These
nerves are especially important in pediatrics because
the airway structures are less stable and more at risk
for dysfunction and slow recovery if damaged. Dam-
age to these nerves results in impaired swallowing, a
decrease in tongue mobility, and speech articulation
problems. These problems lead to excessive drooling,
frequent aspiration, and nutritional deficits related to
poor oral intake. The usual method of assessing these
three nerves is to observe for excessive drooling (indi-
cating inability to swallow secretions), cough and gag
with suctioning, and/or use a tongue blade to illicit
the gag reflex.

The spinal accessory nerve (CN XI) is responsible
for innervation of the sternocleidomastoid and trape-
zius muscles. It can only be tested in the child who is
conscious. Assessment is done by having the child
shrug their shoulders and push their head against the
examiners hand in both directions. If the child is su-
pine in bed, it can be tested by having them raise their
head from the bed and flex forward against the force
of the examiner’s hand [3, 10, 20, 22, 27, 32].

N Assessment of Vital Signs

Neurological alterations can affect vital signs. Vital
sign assessment is usually done in conjunction with
neurological assessment, so that the child is disturbed
once and the information obtained can be evaluated
as a whole to determine if changes are occurring that
could indicate pending deterioration. Fluid balance,
intake, and output are also assessed at this time.
Awareness of the relationships between neurological
assessment findings, fluid balance, and vital signs in
the postoperative neurosurgery patient is essential to
avoiding an ominous slide from an alteration in LOC
to brainstem herniation and death [3, 24].

Neurological Assessment

Changes in vital signs are a late sign of IICP and
require immediate response from the bedside nurse
and medical team. Vital signs changes, including a
widening pulse pressure, bradycardia, and altered re-
spiratory patterns including central hyperventilation
are referred to as Cushing’s Triad. This triad of vital
sign changes occurs before the more ominous signs of
pressure affecting the lower medulla, which manifest
as a very deep coma (evidenced by flaccid muscles,
absent reflexes, and fixed and dilated pupils). At this
point, vital signs display a low blood pressure, a low
pulse, and cessation of spontaneous respirations.
Herniation of the brainstem has occurred and result-
ed in brain death [24]. Concepts related to IICP are
covered in greater detail in Chap. 7 (Traumatic Brain
Injury).

Temperature dysregulation in the form of hyper-
thermia occurs because of damage to or pressure
around the hypothalamus where the regulation of
body temperature occurs. Fever without accompany-
ing signs of infection is often referred to as “central,”
meaning that it has a neurological origin rather than
an infectious cause. In the acutely ill child it is im-
portant that all diagnostic testing (laboratory tests,
x-rays, and cultures including cerebrospinal fluid)
have been done to rule out infectious causes of ele-
vated temperature prior to calling a fever central in
origin.

Fluid balance, in particular the signs and symp-
toms of the syndrome of inappropriate antidiuretic
hormone (SIADH) and diabetes insipidus, should be
assessed and carefully documented in the acutely ill
child with a neurological disorder. Frequent measure-
ments of urine output via an indwelling catheter and
laboratory tests, including serum sodium and osmo-
lality, are essential to a determination whether these
are occurring. Factors such as the administration of
diuretics, fluid restrictions in place to decrease the
risk of IICP, and recent serum electrolyte and osmo-
lality values should be considered when reviewing
intake and output records. Pressure on, or damage to,
the anterior pituitary gland can lead to SIADH or dia-
betes insipidus and may have a significant impact on
recovery and outcomes [9].

. Assessment of Motor Function

Motor function is assessed in all children with a neu-
rosurgical diagnosis. Those with a depressed LOC
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will be observed for the type and quality of movement
that occurs in response to noxious stimuli. The nurs-
ing assessment of motor function over time will be
integral to the determination of long-term outcome
for the child. Motor movements that indicate more
significant damage to the neurological system are
called abnormal motor reflex posturing, or patholog-
ical posturing.

In the child without a depressed LOC, assessment
of motor function involves observation of the patient’s
spontaneous movements, as well as responses to di-
rect commands and to tactile stimuli. Key things to
observe are the presence of any asymmetries of move-
ment or unusual postures of either the upper or lower
extremities. The overall bulk of the muscles and tone
is important, especially if there is any question of limb
atrophy. In infants, testing of primitive reflexes like
the Babinski, Moro, and grasp reflexes assist in the
identification of any asymmetries.

Toddlers and preschool-age children respond to
the examiner engaging them in play activities. As-
sessment of spontaneous motor function is done by
observation after the child is given objects, toys, or
other items to manipulate. Strategies include asking
them to give a “high five” with both hands, and hav-
ing them push their feet against your hands. School-
age children will enjoy games of strength and are eas-
ily encouraged to cooperate. In the ambulatory, clinic,
or school setting, having the child run after a tennis
ball, climb onto an exam table, draw a picture or write
their name, heel and toe walk, hop, skip, gallop and/
or walk a few stairs while observing is the best way to
get an accurate functional motor assessment. Asking
the child to hold both hands upright in front of their
body for several seconds with their eyes closed will
give the examiner the opportunity to look for a drift-
ing down (“drift”) of one extremity, which can indi-
cate subtle weakness on one side that may not be not-
ed when testing hand grasp strength [9].

B Assessment of Sensory Function

Sensory function is usually assessed in conjunction
with motor function. Certain populations of children
with neurological abnormalities are more likely to
undergo routine assessment of sensory function.
These populations include those with spina bifida,
spinal cord lesions, or injuries as well as those with
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indwelling epidural analgesia for postoperative pain
management.

The response to superficial tactile stimulation is
the most common technique used to assess sensation.
More complex testing involves using objects that are
both sharp and/or dull to determine if the child can
discriminate between them. Assessment of the child’s
ability to feel a vibration can be done with a tuning
fork. Proprioception (awareness of the body in space)
is tested by having the child identify flexion or exten-
sion of their toe while blocking their visualization of
the motion (“Is your toe going up or down?”).

Like motor function, any asymmetries of sensory
function should be noted. In cases of brain or spinal
cord injury or after spinal cord surgery, sensation may
be asymmetric and should be documented as such. A
baseline exam should be documented so that accurate
comparisons can be made. The accepted tool for doc-
umentation of the spinal level where sensation is felt is
the dermatome chart, which is shown in Fig. 1.3. [7].
A nurse should identify the spinal level at which sen-
sation is present by utilizing either a sharp object or
crushed ice in a glove. The examiner first confirms
the sensation of the chosen stimulus on a part of the
body with normal sensation, then uses the stimulus
on the affected area and asks the child to compare
with what they have confirmed is “normal.” Both an-
terior and posterior levels are pictured on the chart,
which should be readily accessible to nurses who care
for these patients. Dermatome levels are also routine-
ly assessed and documented on children with epidu-
ral catheters in place to deliver regional analgesia for
pain relief in the postoperative period [33].

. Assessment of Reflexes

Both superficial and deep tendon reflexes will be as-
sessed as part of a comprehensive neurological exam.
The bedside nurse may not be directly testing the re-
flexes, but is often present during the exam. Superfi-
cial reflexes include the abdominal, cremasteric, and
gluteal (anal wink) reflex. Deep tendon reflexes in-
clude tapping a reflex hammer on the respective ten-
dons in the bicep, tricep, brachioradialus, patella, and
Achilles. Deep tendon reflexes are usually document-
ed using the following scoring system: 0 = absent;
+1 = sluggish; +2 = active; + 3 = hyperactive;
+4 = transient clonus; +5 = permanent clonus.



Fig. 1.3. Dermatome chart used to assess sensation. Cutane-
ous distribution of the spinal nerves (dermatomes). Obtained
from Conn (1995) [7]

The Babinski reflex is a neurological sign elicited
by stimulating the lateral aspect of the sole of the foot
with a blunt point or fingernail. A positive response is
when the toes fan and the great toe dorsiflexes (goes
up). The child can usually dorsiflex the foot and flex
the knee and hip. A positive Babinski is normal in an
infant and child up to about 18 months of age, around
the time a child begins ambulating. After then, the
response is considered abnormal and should be docu-
mented, and any asymmetry noted [33].

. Assessment of Gait and Balance

Gait and balance are controlled in part by the cerebel-
lum. Assessment of cerebellar function includes the
ability to move limbs smoothly in space and the
steadiness of the gait. The extent of the assessment of
a child’s gait and balance will depend on the ability of
the child to cooperate with the assessment. Children
who are seen in the acute care setting may be too crit-
ically ill or sedated to fully assess, although as the
child arouses, some simple tests can be done at the
bedside for the child who will cooperate.

Ataxia is the term to describe a lack of muscular
coordination, and can be termed truncal, appendicu-
lar (relating to an appendage), or gait ataxia. It often
occurs when voluntary muscle movements are at-
tempted. Cerebellar lesions and drug intoxications
can be etiologies of ataxia. Children may exhibit atax-
ia after a seizure in the postictal phase. Some children
will exhibit ataxia as a result of a high serum level of
an anticonvulsant [28, 33].

Ataxia is tested by having the child walk in their
usual casual gait, both forward and backward. Hav-
ing the child walk heel-to-toe on a straight line will
require that the child put their hands out for balance.
Standing balanced on one foot and then the other is
also a way to challenge the child’s balance. Testing for
appendicular ataxia can be done while seated by hav-
ing the child touch their finger to your finger held
about 12-18 inches (30-45 cm) in front of them and
then touch their nose and go back and forth. This is
often more appealing to the child when a stuffed ani-
mal is used as a prop. Ask the child to touch the nose
several times while moving the animal.

It is normal for the child to be slightly less coordi-
nated in their nondominant hand, but movements
should be smooth. A coarse tremor while doing this
finger to nose testing is called “dysmetria,” which re-
fers to the inability to control the range of a move-
ment. Often the tremor will worsen when the child is
near the target, which is referred to as an “intention-
al” tremor.

Ataxia may be more noticeable when a child is fa-
tigued, or late in the day, especially if the child is re-
covering from a neurological trauma. Comparisons
used to measure progress should be done by the same
individual at the same time of the day so as to not
confound the exam findings and to more accurately
assess progress in recovery.



22

Chapter 1

. Assessment of Brain Death: Herniation
Syndromes and Brainstem Reflexes

Progression of brain insult without appropriate iden-
tification and treatment will continue to manifest
down the brainstem, affecting the cranial nerves in
succession. As noted above, the vital signs are the last
to demonstrate signs of progressive neurological de-
terioration. Children with brain injuries, traumatic or
otherwise, are at risk for brain herniation from the
primary or secondary effects of their injury.

Herniation can be defined as displacement of brain
structures resulting in a sequence of neurological
signs and symptoms related to compression of brain
structures and to compromised blood flow [2]. Her-
niation syndromes are categorized by supratentorial
and infratentorial locations. Supratentorial hernia-
tion includes cingulate herniation, central herniation,
and uncal herniation. These types of herniation syn-
dromes result from expanding lesions in one hemi-
sphere of the brain causing pressure medially, down-
ward, or displacement against bone. Infratentorial
herniation results from displacement of the cerebellar
tonsils below the foramen magnum or, in rare cases,
upward herniation of the brain across the tentorium
from an expanding lesion in the posterior fossa. Her-
niation can be reversed with early identification and
treatment of the signs and symptoms of IICP, but ends
in brain death if the rapid progression of events is not
reversed.

Brain death occurs when there is no discernible
evidence of cerebral hemispheric and brainstem func-
tion for a sustained period due to structural damage
or known metabolic insult, and lack of evidence of de-
pressant drugs, poisonings, or hypothermia [2]. The
brain death exam requires documentation of the ab-
sence of response to stimulation, absence of motor
responses, absence of brainstem reflexes, and the ab-
sence of spontaneous respirations. Criteria for deter-
mination of brain death further requires a relatively
normal body temperature and absence of any drugs
that might impair consciousness. All of the aforemen-
tioned criteria must be met and documented for de-
termination of brain death in the adult. Documenta-
tion and the sequencing of the exam to confer brain
death is age specific and different for children and
adults. All of the criteria listed below are needed for
children and adult brain death exams, but in addi-
tion, children younger than 5 years of age must show
evidence that coma and apnea coexist and that no
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brainstem function is elicited. The brain death exam

according to age includes:

1. Age 7 days to 2 months: two examinations and two
EEGs, 48 h apart.

2. Age 2-12 months: two examinations and two
EEGs, 48 h apart or one exam and an initial EEG
showing no activity combined with a radionucleo-
tide angiogram showing no cerebral blood flow, or
both.

3. Age older than 12 months: if irreversible condi-
tions exists, laboratory testing is optional and two
exams 12-24 hours apart is sufficient [2].

Brainstem Reflexes

One commonly used test for the determination of
brainstem function in the unconscious child in a co-
matose state is the assessment of the oculocephalic
reflex or “doll’s eyes.” This maneuver can only be done
if a patient is unconscious and is performed by hold-
ing the patient’s eyelids open and briskly rotating the
head laterally in one direction, then the other. This is
not done if there is a possibility of cervical spine inju-
ry. A normal response is conjugate eye deviation to the
opposite side of the head position with return to mid-
line. This is usually documented as “doll eyes pres-
ent.” An abnormal response is the eyes moving in the
same direction as the head and/or dysconjugate move-
ments and is documented as “doll eyes absent.” The
latter indicates damage to the brainstem [20].

Another commonly used test for brainstem func-
tion in the comatose child is the assessment of the
oculovestibular reflex, also called ice water calorics.
This test assesses the function of the vestibular branch
of CN X, the vagus nerve. The test is done by irrigat-
ing each ear canal with iced water. The child’s head is
elevated to about 30 degrees. Approximately 5 ml of
ice water is drawn into a syringe and attached to a
butterfly catheter with the needle cut off. Another in-
dividual holds the child’s eyes open during the rapid
injection of the water into the ear canal. A normal re-
sponse is nystagmus to the opposite side of the ear be-
ing irrigated, then return to midline [20].

Other brainstem reflexes include the corneal re-
tlex, which tests the sensory branch of the trigeminal
nerve (CN V) using stimulation of the cornea (using a
cotton swab) and the gag reflex (using a tongue blade),
which tests the sensory branch of CN X using stimu-
lation of the palate and pharynx.

Testing of these brainstem reflexes is part of the
exam performed to assess whether brain death has



occurred. They may be repeated over a period of 24 h
to confirm that the clinical exam is consistent with
other electrical and radiographic findings, and a deci-
sion can be made to take the child off life support and
declare death. The possibility of organ harvest and
donation should have been discussed with the family
prior to this and can proceed if medically appropriate
and consent has been given by the child’s family or
legal guardians.

B Assessment of External Monitoring
Apparatus

Any equipment related to the neurological monitor-
ing of the child should be assessed by the bedside
nurse at regular intervals. This is usually done at the
same time as vital sign and neurological assessment.
Any concern regarding malfunction of or leakage
around a monitoring device should be addressed im-
mediately, following the specific institutional proto-
col, so that patient safety is assured. Biomedical tech-
nicians should be available for routine equipment
evaluation so that equipment is ready and in working
order.

An important rule in dealing with equipment, or
any other technology, is to always look at the patient
first, rather than the machine, as the definitive an-
swer in the determination of patient status. This is an
important lesson as machines can malfunction. If
something doesn’t “make sense,” the nurse should
seek opinions from others and not always assume that
the equipment is correct. Monitors used in these pa-
tients including intracranial pressure monitors, ex-
ternal ventricular drains, cerebral perfusion monitors
and other devices that are covered in more detail in
Chap. 7.

B Pain Assessment in the Child
with a Neurological Diagnosis

Children with neurological abnormalities may suffer
pain from either their primary diagnosis, in the post-
operative period after neurological surgery, or during
procedures that must be performed in the course of
medical care (e.g., lumbar punctures, intravenous
starts, shunt taps, dressing changes). Some children
will unfortunately suffer chronic pain related to ac-
tual nerve injury or a defect in the ability of the ner-
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vous system to “turn off” the pain impulses. The last
10 years have been a significant period of change and
progress in terms of the overall understanding of pain
and how it is manifested, physiologically understood,
and treated in the pediatric population. These ad-
vances have led to the availability of comprehensive
pain management programs available at most of the
pediatric tertiary care centers in the United States and
abroad [6].

Neurologically impaired children may present the
most challenging dilemmas to healthcare providers
who are entrusted to assess and manage their pain.
These dilemmas relate to issues of how to assess pain
in a developmentally delayed child and the desire to
not “oversedate” the child so that an accurate neuro-
logical assessment is not affected by medications cho-
sen to treat pain. Confounding the issue is the rela-
tionship of anxiety to pain and how to determine
which is having more of an impact on the child’s over-
all level of comfort. Another important factor in the
neurologically impaired child is the input of the par-
ents and other primary care providers, who may have
specific experiences and insights that impact their
ability to “speak” for the child. Pain in this popula-
tion of children is very likely undertreated.

Despite the fact that many children suffer pain
needlessly, there are still many barriers that exist to
providing adequate pain relief to children. These bar-
riers include personal family beliefs, institutional cul-
tures, and individual nurse, physician, and other
healthcare provider beliefs. A child’s perception of
pain is related to both anatomic and physiologic fac-
tors, as well as cognitive and behavioral factors. Many
involved in pain research agree that a child’s response
to pain is in part a learned response. Infants and
young children may have more atypical responses,
whereas older children’s pain behaviors are more like-
ly to produce actions from others that lead to pain
relief [12].

Pain assessment should be done using validated,
age-appropriate scales when the child is able to par-
ticipate. For those who cannot report their pain, be-
cause of age and/or injury, physiologic parameters,
observation, and response to ordered pain relief mea-
sures should be carefully documented and communi-
cated to promote optimal pain relief. Parent report
may also be a reliable indicator when the child is un-
able to participate or is uncooperative.

Although there are many tools now available for
the assessment of pain in infants and children, be-
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Table 1.7. FLACC (Face, Legs, Activity, Cry, and Consolability) pain assessment tool. From Merkel et al. (1997) [26]. The FLACC
is a behavioral observational tool for acute pain that can be used for infants, toddlers, and preschool children. It may also be
useful for cognitively impaired children and adolescents. The patient is observed and the score noted for each category (i.e.,
face, legs, activity, cry, and consolability). The sum of all categories will give score out of maximum 10

Categories 0 1 2

Face No particular expression or smile ~ Occasional grimace or frown, Frequent-to-constant quivering
withdrawn, disinterested chin, clenched jaw

Legs Normal position or relaxed Uneasy, restless, tense Kicking or legs drawn up

Activity Lying quietly, normal position, Squirming, shifting back and Arched, rigid or jerking

moves easily forth, tense

Cry No cry (awake or asleep) Moans or whimpers, occasional Crying steadily, screams or sobs,
complaint frequent complaints

Consolability Content, relaxed Reassured by occasional touch- Difficult to console or comfort

ing, hugging or being talked to,
distracted

Total score:

cause of space constraints, only a few will be high-
lighted in this text as examples. Institutional ap-
proaches should utilize published evidence and input
from specialists from multiple disciplines (e.g., nurs-
es, physicians, child-life specialists, psychologists) to
determine the best tools for each setting. Educating
nurses and medical staff regarding the use of pain
tools is an ongoing endeavor. The use of a validated
pain tool does not necessarily correlate with improved
outcomes for children in pain. The use of these tools
must be tied to protocols for pain management so that
evaluation of pain relief measures, both pharmaco-
logical and nonpharmacological, can occur [16]. As
complementary and alternative approaches to disease
become more widely accepted, many centers have ac-
cess to therapists skilled in hypnosis, biofeedback,
guided imagery, relaxation techniques, acupuncture,
and music and art therapy, among others.

Tables 1.7-1.9 display three pain assessment tools
that are commonly used in clinical practice: the
FLACC (face, legs, activity, cry, and consolability),
NCCPC-R (NonCommunicating Children’s Pain
Checklist-Revised) and the PIPP (Premature Infant
Pain Profile) [5, 26, 34].

Management of pain in children undergoing neu-
rosurgical procedures includes the use of nonsteroi-
dal anti-inflammatory drugs, Cox-2 inhibitors, opi-
oids, local anesthetics, antispasmodics, and other
drugs that are continually being developed and tri-
aled in the clinical arena. For children with chronic
or neuropathic pain, tricyclic antidepressants like
amitriptyline, and y-aminobutyric acid agonists like

gabapentin and pregabalin may be used. Administra-
tion of medications can be oral, intravenous via inter-
mittent dosing, or patient-controlled analgesia, re-
gional via epidural catheters, transcutaneous (dermal
patches), transmucosal (oralettes), and rectal [12].

Whatever pain medications are chosen, the nurse
plays the most important role of any caregiver in as-
sessing, evaluating, documenting, preventing, and
educating about pain in the ill child. No medication
can ever replace a caring, comforting confident, reas-
suring, and truly present nurse to both the child and
family in improving the overall comfort and recovery
of the hospitalized child experiencing pain for any
reason.

Il Conclusion

The last quarter of the 20th century witnessed rapid
advancements in technology and successful treat-
ments in the field of pediatric neurosurgery. That co-
incided with the evolution of the expanded roles and
responsibilities of nurses. As the members of the
healthcare team with the most direct patient contact,
nurses generally have the best opportunity to note
signs of neurological problems or subtle changes in a
child’s condition. Thorough and accurate neurologi-
cal assessments can make the difference between re-
covery or complication, and even life or death. There-
fore, nurses who have accepted the responsibility of
caring for children should strive to develop and con-
sistently apply their assessment skills.



Neurological Assessment

Table 1.8. NCCPC-R (NonCommunicating Children’s Pain Checklist-Revised): a tool for assessing pain in children who are non-
communicating

NCCPC-R
Name: Unit/ File#: Date: — (dd/mm/yy)
Observer: Start Time: AM/ PM Stop Time: AM/PM

How often has this child shown these behaviors in the last 2 hours? Please circle a number for each item. If an item does not
apply to this child (for example, this child does not eat solid food or cannot reach with his/her hand), then indicate “not appli-
cable” for that item.

0 =notatall 1 = just a little 2 = fairly often 3 = very often NA = not applicable
I Vocal
1. Moaning, whining, whimpering (fairly soft) 0 1 2 3 NA
2. Crying (moderately loud) 0 1 2 3 NA
3. Screaming/yelling (very loud) 0 1 2 3 NA
4. A specific sound or word for pain 0 1 2 3 NA
(e.g., a word, cry or type of laugh)
II  Social
5. Not cooperating, cranky, irritable, unhappy 0 1 2 3 NA
6. Less interactive with others, withdrawn 0 1 2 3 NA
7. Seeking comfort or physical closeness 0 1 2 3 NA
8. Being difficult to distract, not able to satisfy or pacify 0 1 2 3 NA
IIT Facial
9. A furrowed brow 0 1 2 NA
10. A change in eyes, including: squinting of eyes, 0 1 2 3 NA
eyes opened wide, eyes frowning
11. Turning down of mouth, not smiling 0 1 2 3 NA
12.  Lips puckering up, tight, pouting, or quivering 0 1 2 3 NA
13.  Clenching or grinding teeth, chewing or thrusting tongue out 0 1 2 3 NA
IV Activity
14.  Not moving, less active, quiet 0 1 2 3 NA
15. Jumping around, agitated, fidgety 0 1 2 3 NA
V  Bodyand Limbs
16. Floppy 0 1 2 3 NA
17.  Stiff, spastic, tense, rigid 0 1 2 3 NA
18.  Gesturing to or touching part of the body that hurts 0 1 2 3 NA
19. Protecting, favoring or guarding part of the body that hurts 0 1 2 3 NA
20. Flinching or moving the body part away, being sensitive to touch 0 1 2 3 NA
21.  Moving the body in a specific way to show pain 0 1 2 3 NA
(e.g., head back, arms down, curls up)
VI Physiological
22.  Shivering 0 1 2 3 NA
23.  Change in color, pallor 0 1 2 3 NA
24.  Sweating, perspiring 0 1 2 3 NA
25.  Tears 0 1 2 3 NA
26. Sharp intake of breath, gasping 0 1 2 3 NA
27. Breath holding 0 1 2 3 NA

VII Eating/Sleeping

28. Eating less, not interested in food 0 2
29. Increase in sleep 0 1 2 3 NA
30. Decrease in sleep 0 2

Score Summary

Category I II III v v VI VII Total

Score:

Version 01.2004 © 2004 Lynn Breau, Patrick McGrath, Allen Finley, Carol Camfield




Table 1.9. Premature infant pain profile (PIPP) assessment tool. The PIPP is a biobehavioral observational tool for acute and
procedural pain. It can be used to assess full- and preterm neonates. The infant is observed as indicated and their score noted.
The sum of all categories will give a score out of a maximum of 21. From Stevens et al. 1996 [34]. O, sat Oxygen saturation, Min

J.A. Disabato and K.W. Burkett

minimal, Mod moderate, Max maximal

Procedure Indicator (1] 1 2 3 Score
Gestational ~ >36 weeks 32-36 weeks 28-32 weeks <28 weeks
age
Observe Behavioral  Active awake Quiet awake Active sleep Quiet sleep
infant state (eyes open, (eyes open, (eyes closed, (eyes closed,
or 15 s for facial movements) no facial movements) facial movements) no facial move-
baseline, ments)
heart rate,
and O sat
Observe Heart rate 0-4 bpm increase ~ 5-14 bpm increase 15-24 bpm >25 bpm increase
infant increase
Fa S0 0O, Sat 0-2.4% decrease 2.5-4.9% decrease 5.0-7.4% decrease >7.5% decrease
Brow bulge  None Min Mod Max
(0-9% of the time) (10-39% of the time) (40-69% of the time) (>70% of the time)
Eye squeeze  None Min Mod Max
(0-9% of the time) (10-39% of the time) (40-69% of the time) (>70% of the time)
Nasolabial None Min Mod Max
furrow (0-9% of the time) (10-39% of the time) (40-69% of the time) (>70% of the time)
Total

One useful and inexpensive tool for neurological
assessment of both infants and young childreniis a
small retracting tape measure with a brightly col-
ored push button for tape retrieval.

This simple tool can be used for the following:

all visual fields while holding the child’s head
steady.

Assessment of cerebellar function by look-
ing for tremor or dysmetria when asking the
child to take their “pointer finger” and touch
the button and then touch their nose. You
can test both hands individually. Children do
not usually notice if you put your free hand
gently on the hand you don’t want them to
use.

B Assessment of occipital frontal circumfer- Assessment of dexterity when you ask them
ence. to pull the tape out and then push the but-
B Gross assessment of hearing by watching ton to let it go back in — see if you can get
the response of the child when you pull the them to do it with both hands.
tape out close to their ears prior to measure- Assessment of cognitive skills by asking
ment of their occipital frontal circumfer- them to put it back into your bag or pocket
ence. - hint: young children do not like to give
B Assessment of EOMs by moving the tape in things back, but often will put an item back

into something as they are used to “empty-
ing and filling” in many of their routine play
activities. .




One often useful and inexpensive tool for both
neurological assessment of infants and younger
children are small wooden blocks with colors, let-
ters, and numbers on them.

These blocks can be disinfected between patients
and used for the following:
B The ability to grasp the block(s), bring them

to the mouth, transfer them from hand to
hand, and clap them together (infants, tod-
dlers).

The ability to stack or clap two blocks to-
gether (manual dexterity), count, and name
colors, letters, and numbers (cognitive
skills).

The ability to throw the block to the exam-
iner or into the exam bag (coordination, fol-
lowing directions).
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Il Introduction

Hydrocephalus is a condition resulting from an im-
balance between the production and absorption of
cerebral spinal fluid (CSF). This imbalance results in
an increased volume of spinal fluid, dilation of the
ventricular system, and often increased intracranial
pressure. Hydrocephalus can be acute and occur over
hours or days. It may also be chronic and occur over
months or years. Hydrocephalus can occur as an iso-
lated condition or one associated with numerous oth-
er neurological conditions and diseases.

N History of Hydrocephalus

The term hydrocephalus is derived from the Greek
words “hydro” meaning water, and “cephalus” mean-
ing head. The description and treatment of hydro-
cephalus dates back to the era of Hippocrates and Ga-
len. Galen (AD 130-200) identified the ventricles. He
believed that the soul was purified through the pitu-
itary gland, and that waste was discharged via the nose
as “pituita.” During the Renaissance, Vesalius (1514—
1564) described the ventricular system in his original
text on human anatomy. A century later, Franciscus
Sylvius (1614-1672) described the cerebral aqueduct.
Morgagni (1682-1771) described the pathology of hy-
drocephalus, and Monro (1733-1817) named the in-
traventricular foramen. In 1786, Whytt distinguished
the internal and external hydrocephalus.

Early treatments included bleeding, purging, sur-
gical release of the fluid, puncturing the ventricles to
drain the fluid, injection of iodine or potassium hy-
driodate into the ventricles, binding of the head, ap-
plication of a plaster of herbs to the head, application
cold wraps to the head, lumbar puncture, and diuret-
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ics. Confusion about hydrocephalus persisted into the
1800s. It was thought to be caused by fevers, rheuma-
tism, pulmonary consumption, and worms; however,
treatment did not change.

The earliest attempts at surgery occurred during
the late 1800s. The first shunts diverted CSF from the
ventricles to the subcutaneous or subdural spaces.
During the early 1900s, other surgical procedures
were attempted to treat the condition. These proce-
dures included surgical removal of the choroid plexus,
diversion of spinal fluid through a third ventriculos-
tomy, and continued attempts at shunting, including
attempts to shunt into the vascular space. Most of
these patients did poorly, and either suffered the con-
sequences of prolonged increased intracranial pres-
sure or died. Many institutions cared for these dis-
abled children with very large heads, small bodies,
and severe mental retardation.

Modern shunting procedures began in the 1950s
with the introduction of the antireflux valve. The first
valves developed by Nulson and Spitz in 1952, used a
spring and steel ball valve. Holter then developed the
first slit valve. He was particularly interested in shunt
development, as he had a son with a myelomeningo-
cele and hydrocephalus. These first modernized
shunts diverted CSF from the ventricles to the right
atrium of the heart. The ventricular-to-peritoneal
shunt became the preferred shunt in the 1970s be-
cause it allowed for the child to grow, and not outgrow
the length of the shunt tubing. This has remained the
preferred shunt procedure among modern neurosur-
geons. Neurosurgeons have also placed shunts lead-
ing from the ventricle to the pleural space, gall blad-
der, ureter, or fallopian tube if the abdominal cavity is
not an appropriate place to terminate the shunt. Nu-
merous improvements in shunt hardware have oc-
curred in the last four decades.

A genetic understanding of hydrocephalus and the
diseases associated with hydrocephalus has occurred
in the last decade. Such knowledge of genetics has al-
lowed for improved prenatal diagnosis and genetic
counseling.

B Incidence of Hydrocephalus

Hydrocephalus is the most common neurosurgical
problem encountered by pediatric neurosurgeons.
The overall incidence is difficult to determine, as hy-
drocephalus can occur as an isolated condition or in
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conjunction with many other neurological diseases
and conditions. The overall incidence of hydrocepha-
lus at birth is between 0.5 and 4 per 1000 live births.
As an isolated congenital disorder, the incidence of
hydrocephalus is 0.5-1.5 per 1000 live births. Hydro-
cephalus occurs in about 80-85% of such infants born
with a myelomeningocele. Because hydrocephalus is
associated with so many other diseases and condi-
tions, it is impossible to know how many such chil-
dren actually exist in the general population. The Hy-
drocephalus Association (www.hydrocephalus.org)
reports that about 25,000 shunt operations are pre-
formed annually in the United States [13]. Other
sources quote figures as high as 50,000 shunt surger-
ies annually in the United States (including adults).
Surgeries to place and revise shunts comprise approx-
imately half of a pediatric neurosurgeon’s annual op-
erative cases [21].

N Prognosis

The prognosis for children with hydrocephalus has
markedly improved with modern shunting. The nat-
ural history of unshunted hydrocephalus was stud-
ied, and it revealed a 46% 10-year survival rate [18].
Of the surviving population, 62% suffered from in-
tellectual impairment [18]. Children who are ade-
quately treated for hydrocephalus have a consider-
ablybetter outcome. Their survival rate after 10 years
is 95%, and only 30% have impaired intellectual
function [37].

The prognosis of an infant or child with hydro-
cephalus is mostly dependent on the underlying cause
of the hydrocephalus. Prognosis may also be related
to the complications that occur, such as shunt mal-
functions and infections. The best predictors of a
good outcome are the prompt treatment of the hydro-
cephalus and the ability of the brain to grow in the
newborn once a functioning shunt is placed. Shunt
dependency is associated with a 1% mortality rate per
year [12].

B classifications of Types
of Hydrocephalus

Hydrocephalus is subdivided into several different
categories. Communicating and noncommunicat-
ing are the most common categories. These terms



Table 2.1. Classifications of hydrocephalus

Communicating

Congenital

Achondroplasia

Arachnoid cyst

Dandy-Walker malformation
Associated with craniofacial syndromes

Acquired

Posthemorrhagic: intraventricular or subarachnoid
Choroid plexus papilloma or choroid plexus carcinoma
Venous obstruction as in superior vena cava syndrome
Postinfectious

Noncommunicating

Congenital
Aqueductal stenosis
Congenital lesions
(vein of Galen malformation, congenital tumors)
Arachnoid cyst
Chiari malformations either with
or without myelomeningocele
X-linked hydrocephalus
Dandy-Walker malformation

Acquired

Aqueductal gliosis (posthemorrhagic or postinfectious)
Space-occupying lesions such as tumors or cysts

Head injuries

were previously used interchangeably with obstruc-
tive and nonobstructive. The latter terms have fallen
from use, as it is believed that in almost all cases of
hydrocephalus there is some obstruction of CSF re-
absorption; the exception is the rare state of over-
production of CSF. Hydrocephalus is also subdivid-
ed into congenital versus acquired, and internal ver-
sus external (Table 2.1). Other categories include
normal pressure hydrocephalus and ex vacuo hydro-
cephalus.

N Communicating Hydrocephalus

Communicating hydrocephalus is a condition that re-
sults when the arachnoid villi are unable to adequate-
ly reabsorb CSF. Intraventricular or subarachnoid
hemorrhage may cause the arachnoid villi to become
unable to function adequately, either temporarily or
permanently. This is a consequence of the effect of the
end products of red blood cell breakdown on the
arachnoid villi. Infectious processes such as meningi-
tis may also render the arachnoid villi to be nonfunc-
tional due to, for example, toxins or scarring. Com-

Hydrocephalus

municating hydrocephalus may also be due to the
overproduction of CSF. This is rare and is usually as-
sociated with a choroid plexus papilloma or a choroid
plexus carcinoma.

N Noncommunicating Hydrocephalus

Noncommunicating hydrocephalus is a condition that
results when the ventricular system does not commu-
nicate with the arachnoid villi due to some obstruc-
tion in the normal pathways of CSF flow. Conse-
quently, CSF is produced in the ventricular system
but cannot flow to the arachnoid villa to be reab-
sorbed. Such obstruction can occur when pathways
are blocked by a tumor, congenital abnormalities of
the brain, cysts, inflammation from infection, or any
other condition that interferes with the patency of
these pathways. Some consider the failure of the
arachnoid villi to reabsorb CSF to be an obstruction
at the level of the arachnoid villi.

N Congenital Hydrocephalus

Congenital hydrocephalus is caused by any condi-
tion that existed before birth. The hydrocephalus
may or may not be present at birth. Examples in-
clude aqueductal stenosis, Dandy-Walker malfor-
mation, and X-linked hydrocephalus. Hydrocepha-
lus is also associated with myelomeningocele, Chiari
malformations, and encephalocele, and with prena-
tal infections such as cytomegalo inclusion virus
(CMYV) or rubella.

N Acquired Hydrocephalus

Acquired hydrocephalus is hydrocephalus resulting
from a condition that did not previously exist in the
patient. The condition either obstructs normal spinal
fluid flow, causes overproduction of CSF, or prevents
reabsorption of CSF. Examples include tumors that
obstruct CSF flow and other space-occupying lesions
that were not congenital. Infection in the brain may
also occlude small passageways. Overproduction of
CSF may be caused by a choroid plexus tumor. Ac-
quired conditions that interfere with reabsorption of
CSF include intraventricular hemorrhage (IVH) and
subarachnoid hemorrhage.

31
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B internal Hydrocephalus

Internal hydrocephalus refers to ventricular dilation
and the associated pathophysiology. The term hydro-
cephalus is used most commonly to refer to internal
hydrocephalus.

N External hydrocephalus

External hydrocephalus refers to the accumulation of
CSF in either the subarachnoid or subdural spaces.
CSE collection in the subarachnoid space may be a be-
nign condition in infancy, which is called benign sub-
dural hygromas of infancy. CSF mixed with blood in
the subdural space may not be benign and usually re-
quires further investigation and treatment. It may be
related to trauma. If these fluid collections exert pres-
sure on the brain and cause symptoms or cause ac-
celerated head growth, surgical treatment may be
necessary.

B ExVvacuo Hydrocephalus

Ex vacuo hydrocephalus refers to a condition of
brain volume loss. The condition may be present at
birth. It may be the result of failure of the fetal devel-
opment of the brain as in schizencephaly or hydran-
encephaly. The brain may also undergo destruction
or atrophy from infections, very poor nutrition, or
unknown causes. The ventricles become large to “fill
the space” where there is an absence of brain tissue,
and may or may not be under increased pressure.
There is technically not an imbalance of CSF pro-
duction and absorption, but rather there is a loss of
brain matter.

B Normal Pressure Hydrocephalus

Normal pressure hydrocephalus is a condition that
occurs without increased intracranial pressure. There
is ventricular dilation with compression of the cere-
bral tissue, but the intraventricular pressure is nor-
mal. Patients develop symptoms slowly over time.
The classic symptoms include dementia, gait difficul-
ties, and urinary incontinence. This is primarily a
condition of the elderly.
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N Pathophysiology of Hydrocephalus

. Overview of CSF Production
and Flow Dynamics

Most of the CSF (approximately 60%) is produced in
the choroid plexus; the rest is produced in the epen-
dyma of the cerebral ventricles, the aqueduct of Syl-
vius, and the subarachnoid space. Studies by Milhorat
looking at CSF production after choroid plexectomy
demonstrated that the total amount of produced CSF
was reduced by only one-third, thus suggesting that
other sites can produce larger amounts of CSF [22].
He proposed that CSF is also produced as the result of
cellular metabolism of periventricular cortical gray
matter. These other areas account for 20% to 50% of
CSF production. CSF production requires the expen-
diture of energy [2].

N CSF Pathways

CSF flows from the ventricles, passes through a series
of channels, and exits the ventricular system via the
fourth ventricle. There are two lateral foraminae on
the lateral aspect of the fourth ventricle, named the
foramina of Luschka, and a medially located opening
called the foramina of Magendie. After exiting the
fourth ventricle, the CSF flows into the subarachnoid
space and up over the convexities of the brain, to be
absorbed into the large intracranial sinuses [2]. Alter-
native pathways for CSF have been scientifically sup-
ported, and include lymphatic drainage into the cer-
vical lymphatic chain and paranasal sinuses. After
being absorbed, the CSF is returned to the right atri-
um via the superior vena cava [2].

. Intracranial Pressure

A study of rabbits by Dr. McComb found that CSF
flows passively, and absorption of CSF does not re-
quire the expenditure of energy [2]. For each drop of
CSF that is produced, the same amount should be ab-
sorbed. Several factors affect the flow of CSF, includ-
ing resistance, which may result from an obstruction
or constriction of a pathway. Other considerations in-
clude the plasticity of the brain itself, as well as the
flexibility of intracranial venous structures.
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Fig. 2.1. lllustration of position and configuration of intracranial ventricles

Plasticity refers to the brain’s ability to change
shape. For example, an increase in intraventricular
volume will enlarge the ventricles, causing distortion
of the cerebral cortex. As we age, our brains may be-
come stiffer. Neonatal brains are very elastic. Anoxic
injury can change the brain’s ability to be maintain its
normal stiffness, and can also be hypoplastic.

The intracranial venous system includes the dural
sinuses, which are more rigid than the cortical veins.
Cortical veins join the dural sinuses at such an angle
that a valvular mechanism is created and a pressure
gradient is maintained. The jugular veins, returning
the blood to the heart, have no valves. When we stand,
negative pressure produced in the jugular veins causes
them to collapse, and assists humans in maintaining
normal intracranial pressure. Shunting systems are
used when the CSF pathways are somehow obstruct-
ed. The valves that are used to regulate the flow, at-
tempt to mimic normal flow.

The normal rate of CSF production in infants and
children is about 0.33 ml/kg/h. Normal newborns
have about 5 ml total volume of CSE. Adults have
about 125 ml of total CSF, with about 20 ml located
within the ventricles. CSF is produced continually by
the choroid plexus, which is located within the ven-
tricles. It is continually reabsorbed by the arachnoid
villi (Figs. 2.1 and 2.2).

The pathophysiology of hydrocephalus is much
more complex than the radiographic picture. The
computed tomography (CT) or magnetic resonance
imaging (MRI) scan may reveal many structural

changes, including enlarged ventricles, thinning of
the cortical mantle, distortion of structures, and pos-
sible transependymal flow of CSF. These visible
changes may also affect the biochemistry, metabo-
lism, and maturation of the brain. Adequate treat-
ment and resolution of the dilated ventricles does not
always reverse the other injuries that have occurred to
the brain.

Lateral Choroid
ventricles plexus

Subarachnoid
space

Arachnoid villi
Sagittal sinus

B Third
ventricle

Agqueduct
of Sylvius

Fourth
ventricle

Spinal nerves

Fig. 2.2. lllustration of cross-section of brain and ventricles
shows pathways of cerebrospinal fluid (CSF) flow
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Three factors are critical in determining the sever-
ity of injury caused by hydrocephalus. They are age at
onset, and the underlying cause (etiology) and dura-
tion of the hydrocephalus. Age is a salient factor be-
cause hydrocephalus may affect the normal matura-
tion processes of the brain in addition to the other
expected effects of increased intracranial pressure.
Furthermore, the underlying disease process respon-
sible for the hydrocephalus may have its own destruc-
tive effects on maturation and brain function. Exam-
ples of such diseases are encephalitis, meningitis, tu-
berous sclerosis, and tumors. Treatment of these
diseases may also have destructive effects on the brain
and brain maturation. An example of this is radiation
treatment of brain tumors in very young children.
The interruption of normal maturation may be per-
manent, and normal development does not always
follow, even after the resolution of the hydrocephalus.
The duration of the hydrocephalus plays has a critical
role in determining the long-term recovery. Long-
standing ventricular dilation and increased intracra-
nial pressure tend to lead to poor recovery of func-
tion, even after ventricular size normalizes.

B structural Changes

Ventricular dilation seen on the CT or MRI is the
hallmark of hydrocephalus. The temporal and frontal
horns of the lateral ventricles usually dilate first and
are sometimes asymmetrical. This is due to the accu-
mulation of spinal fluid and leads to distortion of the
adjacent structures, compression of the nearby white
matter, reduction of the cerebral cortex, and thinning
of the cortical mantle. The ependymal cells lining the
ventricles may become damaged and allow transep-
endymal flow of CSE. The septum pellucidum may
become damaged, leading to its disappearance and
the formation of one large ventricular cavity.

B vascular Changes

The distortion of the brain tissue that occurs with hy-
drocephalus also affects the arteries, veins, and capil-
laries. Deep vessels are affected the most as they may
be directly compressed from the increased ventricu-
lar size. Peripheral vessels are also affected as they try
to supply the brain tissue that is suffering from the
insult of increased intracranial pressure. Blood flow
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has been shown to be globally decreased to the brain
in acute hydrocephalus [10]. Blood flow is primarily
decreased to the periventricular white matter in
chronic hydrocephalus [10]. Hypoperfusion may
cause damage to neurons and glia and interfere with
the normal maturation of all brain structures.

N Metabolic Changes

The brain of a child consumes 50% of total body oxy-
gen; infants consume more than 50% and the adult
brain consumes only 20% [38]. The brain uses glucose
as its primary source of energy, with few exceptions.
Therefore, any decrease in cerebral blood flow that
decreases the amount of oxygen and glucose available
can markedly alter metabolism. This impairment of
metabolism may lead to damage to the brain. Fur-
thermore, during infancy and childhood, a signifi-
cant portion of the energy used by the brain is used in
maturational activities such as myelination, neuronal
maturation, and protein production. Normal matura-
tion is disturbed, and possibly permanently altered,
due to these metabolic alterations.

W sk Changes

Abnormal amounts of CSF in the brain may lead to
changes in the CSF itself. Metabolites may accumu-
late in the CSF during hydrocephalus. Protein levels
in the CSF may be altered by the underlying cause of
the hydrocephalus. For example, after an IVH, pro-
tein levels may be very elevated. If the hydrocephalus
damages the ependymal cells lining the ventricles, the
CSF may flow out of the ventricles into the periven-
tricular white matter. CSF production may or may not
decrease as intracranial pressure increases. As intra-
cranial pressure increases reabsorption of CSF in-
creases, assuming that the arachnoid villa are func-
tional.

N Brain Tissue Changes

The white matter surrounding the enlarged ventricles
is called the periventricular white matter. As the ven-
tricles dilate, the white matter may become com-
pressed, saturated with CSF, and possibly damaged.
Periventricular leukomalacia may result from isch-



emia to affected white matter. The corpus callosum
may also become thinned.

The myelination process may also be delayed in
children with hydrocephalus. Myelination occurs at
specific times in the development in a stepwise fash-
ion. If one step is interrupted, it can not occur at a
later time, and this prevents subsequent steps in the
overall process.

The cerebral cortex is also markedly affected by
hydrocephalus. The cortex is thinned as it is pushed
out by the ventricles and restricted by the skull. His-
tological changes within the cortex are usually subtle,
but damage to cells occurs and results in a change in
function.

The goal of treatment is to prevent further damage
and to restore function. Treatment usually reverses
the acute symptoms of acute hydrocephalus. Howev-
er, timing is critical and treatment should occur be-
fore vascular, metabolic, and other changes described
interfere with normal maturation and brain function.
Without prompt treatment, acute hydrocephalus and
increased intracranial pressure can lead to brainstem
herniation and death.

N Etiologies of Hydrocephalus

Hydrocephalus is primarily a condition of obstructed
CSF circulation or absorption. In infants and chil-
dren, it may be congenital or associated with other
congenital abnormalities. It may also be associated
with central nervous system (CNS) infection, hemor-
rhage, tumors, cysts, or other diseases.

N Aqueductal Stenosis

The most common cause of hydrocephalus in chil-
dren is aqueductal stenosis, which accounts for 70%
of cases [14]. In 1900, Bourneville and Noir noted an
association between hydrocephalus and stenosis of
the aqueduct of Sylvius [7]. The aqueduct of Sylvius is
anarrow passageway connecting the third and fourth
ventricles. Hydrocephalus due to aqueductal stenosis
is characterized by enlargement of the lateral and
third ventricles with a normal fourth ventricle. This
constriction of the aqueduct of Sylvius may also be
seen on MRI scan.

Stenosis of this passageway may be congenital or
acquired, although in 50-75% of cases, the cause may
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be unknown. It may be associated with Chiari I mal-
formation, vein of Galen malformation or Dandy-
Walker malformation. Aqueductal stenosis may also
be due to a x-linked recessive gene occurring only in
males. This is rare and is associated with character-
istic adducted thumbs, spastic paraparesis, and
mental retardation. Acquired cases of aqueductal
stenosis may be the result of hemorrhage, inflamma-
tion from infection, or obstruction from a nearby
tumor or cyst.

N Myelomeningocele
and Chiari Il Malformation

Myelomeningocele is a neural tube defect that occurs
during embryonic development, resulting in failure
of the neural tube to close. This malformation in-
volves the entire CNS. At the level of the spinal defect
there is a midline lesion containing meninges, spinal
cord, nerves, and CSE. The bony structures of the
spine may be abnormal or absent. Associated abnor-
malities in the brain include Chiari II malformation,
hydrocephalus, and possibly other structural abnor-
malities.

Chiari IT malformation occurs in almost all infants
born with myelomeningocele. It is a malformation of
the hindbrain, fourth ventricle, and brainstem and
includes herniation of these structures into the cervi-
cal spinal canal. Herniation of the brainstem and
fourth ventricle may result in obstruction of CSF flow.
The development of the hydrocephalus is related to
the Chiari II malformation, aqueductal stenosis, ve-
nous hypertension in the posterior fossa, and closure
of the myelomeningocele [35]. Myelomeningocele is
discussed in detail in Chap. 4, and Chiari II in
Chap. 5.

Hydrocephalus develops in about 85% of children
with myelomeningocele. Approximately 50% have
significant hydrocephalus at birth [41]. About 80-90%
will eventually require a CSF shunt [11] or an endo-
scopic third ventriculostomy. Before modern shunt-
ing of these infants in the 1960s, only about 20% of
nonshunted children lived into adulthood. Today the
hydrocephalus can usually be adequately treated. In-
tants and children who die from this complex condi-
tion usually die from the Chiari IT malformation and
brainstem dysfunction.
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Fig. 2.3. Two-month-old female with Dandy-Walker malfor-
mation. Magnetic resonance imaging (MRI) shows a posterior
fossa cyst of the fourth ventricle and subsequent develop-
ment of severe hydrocephalus (arrow)

. Chiari | Malformation

Chiari I malformation is one of the four types of Chi-
ari malformations. In Chiari I, the cerebellar tonsils
are elongated and herniated into the cervical spinal
canal. Chiari I is not associated with myelomeningo-
cele, and may be acquired from increased intracranial
pressure or occur as an isolated condition. Chiari
malformations are discussed in detail in Chap. 5.

Hydrocephalus occurs in 10% of children with
Chiari I malformation, most likely due to blockage of
CSF flow at the craniovertebral junction. A small
posterior fossa may also alter CSF flow. Treatment for
patients with symptomatic Chiari I malformation is
often a posterior fossa decompression. A small per-
centage of children develop hydrocephalus after the
decompression.

N Dandy-Walker Malformation

Dandy-Walker malformation is a continuum of pos-
terior fossa abnormalities, including Dandy-Walker
malformation and Dandy-Walker variants. The ab-
normalities associated with these conditions include:
cystic dilation of the fourth ventricle, partial or com-
plete absence of the cerebellar vermis, upward dis-
placement of the tentorium, and usually hydrocepha-
lus. Dandy-Walker may be differentiated from a pos-
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terior fossa cyst by the atrophy or agenesis of the
vermis seen on MRI scan. Dandy-Walker malforma-
tion/variant may also be associated with other intra-
cranial abnormalities in 70% of patients. These in-
clude agenesis of the corpus callosum, aqueductal
stenosis, schizencephaly, holoprosencephaly, neural
tube defect, and occipital encephalocele. Dandy-
Walker is found in 2-4% of all children with hydro-
cephalus [14]. Other abnormalities associated with
Dandy-Walker malformation/variant include con-
genital heart defects, renal malformations, polydac-
tyly/syndactyly, cleft palate, perineal malformations,
Klieppel-Feil malformation, and facial hemangio-
mas.

Hydrocephalus occurs in 90% of children with
Dandy-Walker malformation/variant [14]. Initially, it
was believed that the hydrocephalus was caused by
obstruction of the foramina of Luschka and Magend-
ie. Dandy and Blackfan (1914) believed that the fo-
ramina failed to develop or were obstructed due to a
prenatal inflammatory process. However, in some
cases the foramina are found to be patent. Also, about
80% of infants with Dandy-Walker malformation do
not have hydrocephalus at birth [7]. The pathophysi-
ology of the hydrocephalus is now felt to be multifac-
torial. Contributing factors include aqueductal steno-
sis, basal arachnoiditis from an inflammatory pro-
cess, abnormally developed subarachnoid space, and
venous hypertension from direct pressure from the
posterior fossa cyst (Fig. 2.3) [7].

. Vein of Galen Malformation

A vein of Galen malformation is a rare vascular mal-
formation (Fig. 2.4). It is a venous aneurysm of the
vein of Galen fed by numerous aberrant branches of
the carotid or vertebrobasilar vessels. In addition, ar-
teriovenous malformations may occur within the
feeding vessels.

Infants with a vein of Galen malformation often
present at birth with congestive heart failure and hy-
drocephalus. They may also develop hydrocephalus
later. Hydrocephalus may be caused by the venous
malformation causing obstruction of the cerebral aq-
ueduct. Elevated intracranial venous pressure may
also decrease CSF reabsorption and cause hydroceph-
alus.



Fig.2.4 a, b. Four-month-old
male with vein of Galen mal-
formation. a MRI shows the
dilated vein of Galen. b Cerebral
angiogram shows the dilated
vein of Galen and the surround-
ing vasculature

B Arachnoid Cysts

An arachnoid cyst is a benign congenital cyst occur-
ring within the brain (Fig. 2.5). The cyst forms during
fetal development with the splitting of the arachnoid
membrane [26]. An intra-arachnoid space is created
and the cyst develops. Most of these cysts do not
change or cause any other problems. Such cysts are
often found incidentally when a child has a scan for
some other reason (i.e., head injury). If the cyst en-
larges, it may compress the surrounding structures
and cause symptoms from mass effect. Depending on
the location, as the cyst expands, it may compress
nearby CSF pathways and cause hydrocephalus. A su-
prasellar cyst may expand upward, pressing on the
tloor of the third ventricle and obstructing the fora-
men of Monro or aqueduct of Sylvius. A cyst in the
quadrigeminal cistern or supracollicular region may
cause obstruction of the aqueduct of Sylvius. A poste-
rior fossa arachnoid cyst can cause obstruction at the
level of the fourth ventricle. A posterior fossa cyst can
be differentiated from a Dandy-Walker malformation
by the presence of the cerebellar vermis and a normal
appearing fourth ventricle on an MRI. The etiology of
expansion of the cyst is unknown. Surgical interven-
tion is required if hydrocephalus occurs or there are
symptoms of mass effect from the cyst.

Fig. 2.5. MRI shows a large posterior fossa cyst that effaces
the aqueduct of Sylvius and fourth ventricle, causing severe
hydrocephalus (arrow)

N Posthemorrhagic Hydrocephalus
of Prematurity

The most common cause of hydrocephalus in the pre-
mature infant is a germinal matrix hemorrhage. The
germinal matrix is a very vascular area in the fetal
brain, in the subependymal region located at the level
of the foramen of Monro. It is from the very thin-
walled germinal matrix vessels that the bleeding is
thought to occur in preterm infants. Bleeding can
spread, most often to the adjacent ventricles and into



the surrounding parenchyma. The germinal matrix
gradually involutes after 34 weeks gestation and
nearly disappears by 40 weeks. A grading system
has been devised to describe the severity of the
bleeding - grades I-IV (Table 2.2) [41].

Premature infants of less than 34 weeks gestation
with very low birth weight (<1500 g) are at greatest
risk for developing IVH. With current management,
20% of these preterm infants will develop an IVH.
The risk of developing posthemorrhagic hydroceph-
alus (PHH) is related directly to the extent of the
hemorrhage. Hydrocephalus develops in 20-74% of
infants with IVH [3]. Infants with a grade I or II
bleed do not have hydrocephalus by definition; 55%
of infants with a grade III hemorrhage and 80% of
those with a grade IV bleed develop hydrocephalus
[3]. PHH may develop as a result of the accumula-
tion of blood and hemorrhagic debris within the
ventricles and subarachnoid spaces (Fig. 2.6). Ob-
struction of the aqueduct of Sylvius or foramen of
Monro may occur. The breakdown of blood may
also render the arachnoid villi unable to reabsorb
the CSF. Multiloculated hydrocephalus may occur
after IVH due to ventriculitis. Ventricular septa-
tions develop causing isolated compartments of flu-
id within the ventricles.

Many premature infants require surgical inter-
vention to treat the hydrocephalus until it is re-
solved. About 20-30% will require permanent
shunting [3]. Figure 2.6 illustrates IVH and PHH of
prematurity.
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Fig. 2.6 a, b. Twenty-five-
week premature male with an
intraventricular hemorrhage
and subsequent development
of hydrocephalus. a Conven-
tional ultrasound (CUS) shows
the right-sided intraventricular
hemorrhage (arrow). b Com-
puted tomography (CT) also
shows parenchymal hemor-
rhage (arrow)

Table 2.2. Grading of intraventricular hemorrhage [41]. IVH
Intraventricular hemorrhage

Grade Extent of hemorrhage

I Subependymal germinal matrix hemorrhage
II IVH without ventriculomegaly

III IVH with ventriculomegaly

v IVH with parenchymal hemorrhage

B Postinfectious Hydrocephalus

Intracranial infection may be the cause of hydroceph-
alus throughout the spectrum of life. Hydrocephalus
may follow bacterial, fungal, viral, and parasitic in-
fections of the CNS. In utero, CNS infections may
cause intracranial injury leading to obstruction of
CSF flow. Toxoplasmosis may cause inflammation
and blockage of the CSF pathways and blockage with-
in the subarachnoid spaces [8]. During the neonatal
period, Gram-negative bacteria are the leading cause
of bacterial meningitis [8]. Gram-negative bacteria
may cause ventriculitis [8], leading to hydrocephalus.

After the neonatal period, Gram-positive bacteria
are the leading cause of meningitis. Meningitis and
ventriculitis may lead to multiloculated hydrocepha-
lus, a condition where noncommunicating pockets of
CSF occur within the ventricles. Viral infections, in-
cluding CMYV, parainfluenza, and influenza A, affect
ependymal cells leading to acquired aqueductal ste-
nosis [8]. Tuberculosis meningitis may cause obstruc-
tive hydrocephalus from mass effect of a tuberculoma,
or cause a communicating type of hydrocephalus by



affecting the basal cisterns. Hydrocephalus may de-
velop in conjunction with the intracranial infection
or much later after recovery.

Cysticercosis occurs throughout the world. It is
rare in the United States, but is found throughout
Latin America. Humans can acquire the pork tape-
worm, Taenia solium, by eating uncooked pork or by
consuming the tapeworm eggs from food contami-
nated with human feces. The tapeworm larva enter
the body and form cystircerci. Neurocysticercosis re-
sults when the cysts enter the brain. The cysts can im-
plant in the parenchyma, ventricles, subarachnoid
space, or cisterns. Hydrocephalus can occur when
cysts are in the ventricles, subarachnoid space, or cis-
terns, or cause arachnoiditis. In areas such as south-
ern California and Mexico, neurocysticercosis must
be considered as an etiology of hydrocephalus.

. CNS Tumors

Hydrocephalus is a complicating factor of pediatric
brain tumors. Brain tumors are discussed in detail in
Chap. 6. Hydrocephalus can be present at the time of
diagnosis of the tumor, may occur during or after tu-
mor treatment, or may develop if the tumor reoccurs.
Most of the time, hydrocephalus associated with tu-
mors is due to the obstruction of CSF pathways.

About 60% of brain tumors in children are located
infratentorially or in the posterior fossa. These tu-
mors occur in the cerebellum, fourth ventricle, or
brainstem. The most common tumors of this region
include medulloblastoma, astrocytoma and ependy-
moma. Hydrocephalus is common with tumors in
this area. It results from obstruction of CSF flow, par-
ticularly if the tumor is in the fourth ventricle or ex-
erting pressure on the fourth ventricle. A tectal plate
tumor is an indolent tumor of the midbrain and re-
sults in hydrocephalus. In all of these tumors, hydro-
cephalus is often a major contributor to symptoms at
the time of diagnosis. If the hydrocephalus is severe,
urgent treatment is needed to relieve increased intra-
cranial pressure.

Hydrocephalus may also occur from blood and de-
bris in the CSF after tumor resection. Approximately
25-50% of children will require placement of a per-
manent shunt [41] or endoscopic third ventriculosto-
my after the tumor resection. Certain factors are as-
sociated with the need for permanent CSF diversion,
including: age less than 10 years, midline tumors, in-
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complete tumor resection, CSF infection, and persis-
tent pseudomeningocele [31].

About 40% of pediatric brain tumors occur in the
supratentorial area. The most common site is the su-
prasellar region, followed by the cerebral hemispheres,
thalamus and basal ganglia, pineal region, intraven-
tricular spaces, and meninges. Hydrocephalus is as-
sociated with some of these tumors and is usually due
to obstruction of CSF flow at the aqueduct of Sylvius.
Tumors in the suprasellar region most commonly as-
sociated with hydrocephalus are craniopharyngioma
and optic pathway glioma. Craniopharyngiomas can
also form cysts that exert a mass effect that causes
symptoms and/or hydrocephalus. Occasionally, germ
cell tumors and pituitary adenomas may cause hydro-
cephalus. Pineal region tumors are commonly associ-
ated with hydrocephalus. Tumors that grow within
the ventricles may cause hydrocephalus as a result of
overproduction of CSE. There are two types of cho-
roid plexus tumors: choroid plexus papilloma and
choroid plexus carcinoma. They arise from the cho-
roid plexus, located within the lateral, third, and
fourth ventricles. Hydrocephalus may also occur in
patients with neurofibromatosis or tuberous sclerosis
secondary to obstruction of CSF flow.

Spinal cord tumors are rare in children. They may
be associated with hydrocephalus due to arachnoidi-
tis and elevated protein in the CSF (Fig. 2.7).

. Head Trauma

Hydrocephalus may occur after head injury if there is
intracranial blood. This is particularly true if there is
subarachnoid or IVH. The breakdown of blood may
alter the ability of the arachnoid villi to absorb CSF.
Debris and blood may also obstruct normal CSF path-
ways and cause obstructive hydrocephalus.

N Signs and Symptoms of Hydrocephalus

The signs and symptoms of hydrocephalus in infants
and children vary depending on their age, the degree
of hydrocephalus at presentation, the primary etiolo-
gy, and the time over which the hydrocephalus devel-
ops. Because of the plasticity of the infant brain and
the ability of the cranium to expand, ventriculomega-
ly can progress without obvious signs of increased
intracranial pressure. In premature infants, in which
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Table 2.3. Signs and symptoms of hydrocephalus in children

Full-term infants

Premature infants

N. Nielsen et al.

Fig. 2.7 a, b. Eight-year-old
female with a posterior fossa
brain tumor and hydrocephalus

Toddlers and older

Apnea Macrocephaly
Bradycardia Rapid head growth
Hypotonia Decreased feeding
Acidosis Increased drowsiness
Seizures Tense fontanel

Rapid head growth Vomiting

Tense fontanel

Splayed cranial sutures
Vomiting Poor head control
Sunsetting eyes Parinaud’s sign
Sunsetting eyes

Frontal bossing

Distended scalp veins

Splayed cranial sutures

Headache

Nausea

Vomiting

Irritability

Lethargy

Delayed development
Decreased school performance
Behavioral disturbance
Papilledema
Parinaud’s sign
Sunsetting eyes
Bradycardia
Hypertension

Irregular breathing patterns

hydrocephalus is caused predominately by an IVH,
there is a general correlation between the severity of
hemorrhage and the degree of hydrocephalus (Ta-
ble 2.3). Infants with PHH may have minimal symp-
toms, or may exhibit increasing spells of apnea and
bradycardia. They may also have hypotonia, sunset-
ting eyes, ophthalmoplegia and seizures. As the ven-
triculomegaly progresses, the fontanel will bulge, be-
come tense and nonpulsatile, and the cranial sutures
become splayed. In a healthy premature infant, the
head circumference generally increases about 1 cm a
week. In premature infants with progressive ventric-
ulomegaly, the head circumference may increase more
rapidly than normal (when charted on the head

growth chart), but may not accurately reflect the rate
of increase in ventricular size.

In full-term infants, signs often include macro-
cephaly and progressively increasing occipital frontal
head circumference, crossing percentile curves. Nor-
mal head circumference for a full-term infant is 33—
36 cm at birth. A normal head circumference increas-
es by approximately 2 cm/month during the first
3 months, by 1.5cm/month during the 4th and
5th months, and by about 0.5 cm/month from months
6-12 (Fig. 2.8).

Other common signs in full-term infants include a
bulging, tense anterior fontanel, splayed cranial su-
tures, irritability, poor feeding, episodes of spitting
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up or vomiting, increased sleeping, distended scalp
veins, and, if the head is large relative to body size,
poor head control. Visual changes may also be noted
and include paralysis of upward gaze (Parinaud’s
sign) and sunsetting eyes.

Children older than 2 or 3 years may have a more
acute presentation of symptoms since the cranial
fontanels and sutures are closed, and the skull is no
longer able to compensate for the increasing ventric-
ular size. The predominant symptom is usually a
persistent headache that typically occurs upon wak-
ening and is often associated with nausea, vomiting,
and lethargy. The child is often irritable. A child
who has a gradual onset of hydrocephalus may have
more subtle signs, such as delayed development in
both motor and cognitive function. Older children
often present with decreased school performance
and behavioral disturbance. Other less common
signs may include papilledema and visual com-
plaints. If hydrocephalus is severe, Cushing’s triad of
bradycardia, systemic hypertension, and irregular
breathing patterns may occur. This triad denotes a
severe case of increased intracranial pressure and
requires emergent treatment.
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N Diagnosis of Hydrocephalus
by Imaging Studies

The three major techniques used for diagnosis and
evaluation of hydrocephalus are ultrasonography
(US), CT, and MRL

N Ultrasonography

Prenatal US can be highly reliable and accurate in di-
agnosing hydrocephalus. Hydrocephalus can be de-
tected in a fetus as early as the later part of the first
trimester of pregnancy, although abnormal dilation
of the fetus’s ventricles are more clearly detectable af-
ter 20-24 weeks gestation [13]. Although prenatal US
can detect abnormal CSF collection, it may not show
the precise site or cause of the obstruction. Amnio-
centesis can often detect the presence of open neural
tube defects, such as myelomeningocele, chromosome
abnormalities, and in-utero infections, and may also
help indicate the overall health of the fetus. In gener-
al, the first trimester development of significant hy-
drocephalus can be a poor prognostic sign for infant
mortality and developmental progress. In some cases,



mild ventricular dilation identified by US will resolve
by the third trimester [13].

Cranial US is useful in infants and young children
while the anterior fontanel is still open, usually under
the age of 18 months (Fig. 2.9). Through the fontanel,
it can demonstrate lateral ventricular morphology
and intraventricular clots. It is less accurate in its abil-
ity to look at the third and fourth ventricles and sub-
arachnoid spaces. For this reason, the precise diagno-
sis and cause of hydrocephalus is rarely made by US

alone. It is particularly useful, however, for follow-up
screening of infants with untreated and treated hy-
drocephalus. The equipment is portable, involves no
radiation, does not require sedation, and is consider-
ably less expensive than CT/MRL
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N Computed Tomography

Since the advent of CT scanning in 1976, it continues to
be the most commonly used radiologic technique for
the diagnosis and follow-up of hydrocephalus. CT im-
ages can accurately demonstrate the ventricular size
and shape, the presence of blood and calcifications,
cysts, and shunt hardware. In hydrocephalus, an en-
larged ventricular system is usually seen, and is usually
first seen in the lateral ventricles (Fig. 2.10). CT images
can also accurately reflect signs of increased intracra-
nial pressure, such as compressed cerebral sulci, absent
subarachnoid spaces over the convexity, and transep-
endymal reabsorption of CSF in the white matter.
When contrast enhancement is used, tumors, abscess-
es, and some vascular malformations can be visual-
ized. It is currently the most rapid diagnostic screening
tool, taking only a few minutes, and few children need
to be sedated for the procedure. Despite the fact that it

Fig.2.9 a, b. a Normal CUS in
a 1-month-old female. b Hydro-
cephalus in a 3-week-old male

Fig.2.10a,b. aNormal CTina
9-year-old male. b Hydrocepha-
lus in a 2-week-old male



uses low-level radiation, little is known about the long-
term effects of multiple scans. CT scanning has a lower
resolution than MRI and is usually only performed in
the axial plane.

N Magnetic Resonance Imaging

Commercially available MRI was introduced in 1986
and is the examination of choice for revealing the un-
derlying cause of hydrocephalus. It allows anatomical
visualization in the axial, coronal, and sagittal planes,
providing detailed information regarding the anato-
my, and the position and extent of lesions. Subtle
findings, such as white matter pathology, dysmorphic
anatomy, and characteristics of lesions can be readily
demonstrated. In addition, the aqueduct of Sylvius
can be visualized, as well as membranes and loculated
ventricular systems. With the addition of gadolinium
(an intravenous contrast medium), some neoplasms
and vascular lesions can be better visualized. CSF
flow dynamics can be visualized through the use of
phase-contrast cine MRI. This sequence takes only a
few extra seconds and allows for real-time flow mea-
surements that are demonstrated on the sagittal plane
of the MRI. Furthermore, constructive interference
in the steady state (CISS) sequence MRI may be used.
This sequence provides great detail of the ventricular
system, basal cisterns, and may show membranes not
otherwise seen on conventional MRI. Both phase-
contrast cine MRI and CISS sequence MRI can be
very helpful in determining the underlying cause of
hydrocephalus. They can also provide valuable pre-
operative information related to the potential success
of endoscopic third ventriculostomy, as well as post-

Fig. 2.11. Thirteen-year-old
male with aqueductal stenosis
and hydrocephalus. a Sagittal
T1 MRI shows enlarged lateral
ventricles (CSF appears black).
b Coronal T2 MRI shows
enlarged lateral and third ven-
tricles (CSF appears white)

operative information by being able to visualize the
CSF flow pattern. MRI takes approximately 45 min or
longer and, therefore, young children need to be se-
dated for the exam. Typically, children with normal
development over the age of 5 or 6 years can often do
the exam without sedation. Aqueductal stenosis and
hydrocephalus are shown in Figs. 2.11, 2.12, and 2.13,
along with cine and CISS MRI scans.

B Treatment of Hydrocephalus
N Medical Therapy

There is currently no medical therapy that definitive-
ly treats hydrocephalus effectively. Occasionally, in
borderline cases of progressive hydrocephalus and in
PHH, diuretics may be useful as a temporizing mea-
sure to try to avoid the need for a permanent shunt.
Acetazolamide, a carbonic anhydrase inhibitor, has
been shown to decrease CSF production. The dose
may be as high as 100 mg/kg, and in order for it to be
effective, more than 99% of carbonic anhydrase must
be blocked before CSF production decreases signifi-
cantly. Furosemide, 1 mg/kg/day, has also been used.
The mechanism of action is unknown, but it is thought
to decrease brain extracellular fluid. Although these
have been used historically as temporizing measures,
comprehensive analysis of data from clinical trials on
diuretic therapy for PHH by the Cochrane Collabora-
tion concluded that acetazolamide and furosemide

were neither effective nor safe for the treatment of
PHH [42].

Serial lumbar or ventricular punctures to evacuate
CSF as a temporizing measure are also used. The ef-




ficacy of these punctures is controversial, but some
centers routinely use them in infants until they are
stable enough to tolerate a surgical intervention. The
goals are to decrease the intracranial pressure and
help clear the CSF of the toxic chemicals produced by
the breakdown of blood. If the infant continues to
have inadequate CSF reabsorption, a more permanent
shunt may be implanted.

. Surgical Intervention

" Shunts

CSF shunting is the most common standard treat-
ment in the long-term management of hydrocepha-
lus. It involves the placement of a ventricular catheter

Fig. 2.13. Thirteen-year-old male with hydrocephalus sec-
ondary to aqueductal stenosis. Preoperative constructive in-

terference in the steady-state MRI demonstrates the floor of

the third ventricle and the position of the basilar artery
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Fig. 2.12 a, b. Thirteen-year-old
male with hydrocephalus sec-
ondary to aqueductal stenosis,
status following endoscopic
third ventriculostomy. CSF cine
flow study demonstrates CSF
flow across the fenestration in
the anterior third ventricle (ar-
rows). a Phase-contrast magni-
tude cine MRI. b Phase-contrast
directional cine MRI

to divert CSF to another body cavity, where it can be
absorbed. There are many different shunting devices
with different components, all having similar fea-
tures. The three main components of a shunt are: a
proximal (ventricular) catheter, a valve, and a distal
catheter (Fig. 2.14). The ventricular catheter is a silas-
tic tube that is placed either through a frontal or pari-
eto-occipital approach, usually in the right nondomi-
nant cerebral hemisphere (Fig. 2.15). A burr hole is
made in the skull and the catheter tip is generally
placed in the frontal horn of the lateral ventricle. This
placement is advantageous because there is less cho-

Fig. 2.14. Shunt components (courtesy of Medtronic Neuro-
logic Technologies)



Frontal Approach

Occipital
Approach

Fig. 2.15. lllustration demonstrates that proximal catheter
placement is generally through a frontal or occipital approach

roid plexus in this area, and therefore less chance for
the holes in the catheter to become occluded.

There are many different valves made by many dif-
ferent manufacturers. They all regulate the flow of
CSF by means of a one-way valve. The valves most
commonly used in the pediatric setting today are dif-
ferential pressure valves, flow-regulating valves, and
siphon-resisting valves. The pressure at which the
valves open is termed the opening pressure. Typically,

Fig.2.16 a, b. a Fixed-pres-
sure valves. b Delta valves with
siphon control. Courtesy of
Medtronic Neurologic Tech-
nologies

there are low-, medium-, and high-pressure valves in
each category, referring to opening pressures of ap-
proximately 5, 10, and 15 cm H,O, respectively. Most
valves are differential pressure valves, and are de-
signed to open and allow the drainage of CSF as the
intraventricular pressure rises above the valve’s open-
ing pressure. Once the pressure falls below the closing
pressure, the valve closes and the flow of CSF ceases.
Flow-regulating valves attempt to keep the CSF flow
constant despite changing pressure differentials and
patient position. Siphon-resisting valves are used to
avoid siphoning of CSF and the complication of
overdrainage. Siphoning is a phenomenon that occurs
in some patients in whom there is gravity-enhanced
flow of CSF when the patient is in an upright position.
The choice of which valve to use is based the personal
preference of the neurosurgeon, and is usually based
on training and personal experience. No data exist to
support a recommendation of one particular shunt
design or valve over another. Fixed-pressure valves
are shown in Fig. 2.16.

A recent advance in shunt valve technology has
been the introduction of programmable valves
(Fig. 2.17). Programmable valves can be externally
adjusted with the use of a special magnetic device
(Figs. 2.18-2.20). The opening pressure of the valve
can be adjusted. This avoids the need for an operative
procedure should the patient need a valve with a dif-
ferent pressure. This type of valve tends to be well
suited for the management of difficult cases of overd-
rainage or underdrainage, or in children whose pres-
sure needs are expected to change over time. It is not
clear that the benefits outweigh the increased cost in
all patients. Since the programmable valve contains a
magnet, most valves need to be reprogrammed im-




Fig. 2.18. Codman Hakim valve programmer

Fig. 2.19. lllustration demonstrates programming a Codman
Hakim programmable valve

mediately after all MRIs. A programmable valve that
is not altered by a magnetic field is also available. It
“locks” the setting and can only be changed with the
manufacturer’s specific magnetic programmer. Com-
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Fig.2.17 a, b. a Codman
Hakim programmable valves.
b Strata programmable valves
(courtesy of Medtronic Neuro-
logic Technologies)

LSD Readout
Screen

Adjustment
Magnet

Portal for Valve
Palpation and
Magnetic Adjustment

Fig. 2.20. Strata valve programmer (courtesy of Medtronic
Neurologic Technologies)

mon everyday household equipment like mobile tele-
phones and computers are not strong enough to affect
the valve, although special precautions should be tak-
en when the patients are around other strong mag-
netic sources.

Distal catheters are also made of silastic material.
The peritoneal cavity is the preferred and most com-
monly utilized location for the shunt to terminate.
There are two main advantages to placing the distal
tubing in the peritoneum. First, if an infection devel-
ops, it usually stays localized rather than disseminat-
ing, as can happen with shunts placed in the heart.
Second, a large amount of tubing can be placed in the
peritoneal cavity, to allow for growth of the child and
minimize the need for revisions during childhood.
In addition, the peritoneal cavity is an extremely ef-
ficient site of absorption, and is easily accessible to



Fig. 2.21a, b. Illustration shows placement
of ventriculoperitoneal (VP) and ventriculoatrial
(VA) shunts

the surgeons. If the peritoneal cavity is not appropri-
ate for placement of the distal tubing, either due to an
abdominal malformation, postsurgical adhesions,
infection, or inadequate reabsorption, the second
and third choices for the distal catheter placement
are either the right atrium of the heart or the pleural
cavity, respectively.

Ventriculoatrial shunts are placed through the
neck, into the jugular vein to the superior vena cava
and into the right atrium (Fig. 2.21). The shunt tip
should lie just above the tricuspid valve and, on plain
chest radiograph, should be at the superior vena cava/
right atrial interface. The tip of the catheter can also
be evaluated by looking for it at the level of the sixth/
seventh thoracic vertebrae. If it above this level a
shunt-lengthening procedure may be indicated. In-
fants should have a chest x-ray every 6 months and
older children every year, to make sure the distal
placement is in an adequate location.

Ventriculopleural shunts are guided subcutane-
ously to an area just below the nipple, where an inci-
sion is made, and the tube is inserted into the pleural
space. There has been some indication that pleural
shunting may be poorly tolerated in the young child
due to lack of absorptive pleural surface. In addition,
the length of time the pleural cavity retains its ab-
sorptive capacity varies from individual to individual.
Complications may include respiratory compromise
secondary to hydrothorax. Other less common distal
placements include the gallbladder and ureter.

N

VP Shunt b VA Shunt

Less frequently used in the pediatric population,
lumboperitoneal shunts are sometimes used in pa-
tients with communicating hydrocephalus, slit ven-
tricle syndrome, or benign intracranial hypertension
(pseudotumor cerebri). Although classically per-
formed using a limited laminectomy, percutaneous
placement using a Touhy needle in children over the
age of 2 years is now the preferred method of inser-
tion (Fig. 2.22) [14].

Fig. 2.22. lllustration shows lumboperitoneal shunt (LPS)
placement
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Surgical Endoscopy

A significant development in pediatric neurosurgery
has been the evolution of neuroendoscopy and its ap-
plication in the management of hydrocephalus. It has
been used for endoscopic third ventriculostomy, cyst
fenestration and septostomy, and shunt placement
and retrieval. The pioneering stage of neuroendosco-
py began in the early 1900s, but quickly fell out of fa-
vor due to poor equipment and a high rate of associ-
ated morbidity and mortality. In the 1970s, there was
renewed enthusiasm for its use because of improve-
ments in endoscopes, light sources, camera equip-
ment, and instrumentation. In the past decade, there
has been a marked increase in the use of endoscopy,
and pediatric neurosurgeons all over the world are us-
ing it, primarily because recent studies confirm good
outcomes.

Endoscopic Third Ventriculostomy
Endoscopic third ventriculostomy (ETV) is used as
an alternative to shunting in selected patients with
noncommunicating hydrocephalus. The success of
the procedure depends largely on proper patient se-
lection. The patients most likely to benefit from the
procedure are those with significant obstruction of
CSF flow between the ventricles and the subarach-
noid space, and those with normal CSF absorption
between the subarachnoid space and the venous sys-
tem. An MRI should be done as part of the work-up
to confirm that the basilar artery does not sit below
the floor of the third ventricle. Such placement of
the artery is usually a contraindication for a third
ventriculostomy due to the added risk of hemor-
rhage. Patients with aqueductal stenosis are, in gen-
eral, excellent candidates for the procedure. It has
also been used successfully in patients with posteri-
or fossa tumors. Although controversial, patients
under the age of 6 months have not had uniformly
good results [6].

The goal of ETV is to bypass the obstruction of
CSF by diverting it through the floor of the third ven-
tricle and returning it to the normal subarachnoid
space. A rigid endoscope is introduced into the lateral
ventricle via a coronal burr hole. The endoscope is ad-
vanced through the foramen of Monroe and into the
third ventricle. Once the thin translucent floor of the
third ventricle is visualized, a rigid probe is used to
puncture the membrane and the fenestration is en-
larged by balloon catheter dilation. A laser may also
be used to fenestrate the floor of the third ventricle.
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An external ventricular drain with an intracranial
pressure monitor may be placed after the procedure
and is usually kept clamped. This allows monitoring
of the intracranial pressure and possible diversion of
CSF should the ETV be unsuccessful.

Patency of the third ventriculostomy can be con-
firmed noninvasively using phase-contrast cine MRI,
or CISS sequence MRI, to identify the CSF flow
through the fenestration. However, the finding of a
patent fenestration does not guarantee that the proce-
dure has been successful. If there is an obstruction to
the circulation of CSF further downstream or inade-
quate absorption within the subarachnoid space, it is
possible for the procedure to fail, even in the setting
of a patent fenestration.

ETV has an overall success rate of approximately
75% after 3 years [40]. Failure of ETV can occur early
or late. Early failure may be the result of factors in-
cluding bleeding around the fenestration site, unno-
ticed additional arachnoid membranes occluding the
flow of CSF, or an inadequate size of the fenestration.
Late failure can be caused by subsequent closure of
the fenestration by gliotic tissue or arachnoid mem-
brane. Tumor progression and inadequate CSF ab-
sorption at the level of the arachnoid villi may result
in either early or late failure. Patients with open fenes-
trations can exhibit deterioration after months of suc-
cessful ETV, and the problem can be potentially seri-
ous because failure can develop over a short period of
time and may be unpredictable. The patient develops
signs and symptoms of increased intracranial pres-
sure and requires further intervention, either another
ETV or a shunt. Patients with an ETV require ongo-
ing neurosurgical follow-up.

B Treatment of Hydrocephalus
in Specific Malformations/Diseases

Posthemorrhagic Hydrocephalus
Infants who develop increasing PHH or become
symptomatic need temporizing treatment initially.
Some centers will treat these small infants with serial
lumbar or ventricular punctures; however, infection
is a risk. Repeated ventricular taps may lead to poren-
cephaly.

In infants who have PHH and are able to tolerate a
surgical intervention, a ventricular access device
(VAD) can be implanted. This is a catheter that is sur-
gically placed in the ventricle with an attached subcu-



taneous reservoir. The reservoir can be tapped as of-
ten as needed through the skin using a 23-gauge but-
terfly needle. Most infants with a VAD require a tap
every 2-3 days, but some may require taps as often as
twice daily.

Another procedure that may be used is the place-
ment of a subgaleal shunt. This is similar to a VAD,
but the distal limb of the catheter is left to drain into
a subgaleal pocket, which is created at the time of the
placement of the device. The CSF under pressure
drains through the catheter and distends the scalp,
which allows absorption of the CSF by the galea. In
some cases, CSF production may exceed the absorp-
tive capability of the subgaleal space, and intermittent
taps of the pocket may be required. When repeated
taps are needed through either the VAD or the subga-
leal shunt, there is a high risk of infection. Alterna-
tively, some providers use a temporary external drain-
age device in the management of PHH. This has the
advantage of maintaining a constant intraventricular
pressure, whereas with the other aforementioned
treatments, intraventricular pressure can alternate
between being very high and very low. The disadvan-
tage of all of these devices is that the catheters can
become clogged from the blood or its byproducts, or
as previously mentioned, infected.

Eventually, over time, it will become clear whether
the PHH is resolving or if the infant will need a per-
manent shunt placed. It has been demonstrated by
most of the studies on temporary measures to treat
PHH, regardless of the method, 10-35% of infants
will show resolution of their hydrocephalus [3]. About
20-30% will require a permanent shunt. In the major-
ity of these infants the shunt dependency is usually
lifelong. There is currently some debate as to the most
appropriate timing for a permanent shunt placement.
A shunt should be considered when the CSF is cleared
of posthemorrhagic debris and blood, and the CSF
protein is <500 mg/dl [27]. The infant should weigh
>1.5 kg (variable), have progressive hydrocephalus,
and be otherwise stable [41].

Myelomeningocele
About 80-90% of children with myelomeningocele
will eventually require surgical CSF diversion [11].
The treatment of hydrocephalus in the infant with a
myelomeningocele usually involves placement of a
ventriculoperitoneal shunt. The timing of the shunt
placement depends on the severity of the hydrocepha-
lus, but historically has been deferred until after the

Hydrocephalus

myelomeningocele repair. Waiting until the hydro-
cephalus clearly progresses allows for the proper selec-
tion of infants who need permanent shunting. Placing
a shunt at the time of the back closure may also be
more difficult, since the infant should not be posi-
tioned on the newly closed myelomeningocele repair
site. The advantages to doing it simultaneously with
the myelomeningocele repair include a decreased risk
of a CSF leak from the repair site and a decreased risk
of CSF infection. Some neurosurgeons perform an en-
doscopic third ventriculostomy instead of a shunt, al-
though performing an ETV in infants is debated.

The in-utero surgical repair of myelomeningocele
is presently being studied at three medical centers in a
study funded by the National Insitutes of Health. The
purpose of the study is to determine efficacy, safety,
and benefit of such closure of the back [39]. Partici-
pants are randomized into two groups, in-utero re-
pair at 19-25 weeks gestation, or no in-utero repair
with caesarean section after lung maturity is con-
firmed. The primary results being compared are the
need for a ventriculoperitoneal shunt at 1 year and
overall fetal/infant mortality [39].

Vein of Galen Malformation

Initial treatment for the neonate is supportive and in-
cludes immediate resuscitative efforts with ventilato-
ry support. The goal is stabilization until a transve-
nous and/or transarterial endovascular approach for
embolization can reduce blood flow through the mal-
formation and feeding vessels. The infant often pres-
ents with, or develops, hydrocephalus. However, the
placement of a cerebrospinal shunt in an infant or
child with a vein of Galen malformation has a very
high risk of associated intracranial hemorrhage [33].
Many neurosurgeons will try to avoid placing a shunt
by initially treating the malformation with emboliza-
tion. If the malformation can be embolized success-
tully, it may shrink and the hydrocephalus may re-
solve. Although treatment has greatly improved out-
come, the mortality and morbidity of infants and
children with these malformations remains high.

Intracranial Cysts
Many types of intracranial cyst may occur, including
arachnoid cysts, choroid plexus cysts, neoplastic cysts
and mutliloculated cysts associated with infection,
tumors, hemorrhage, or trauma. Arachnoid cysts are
often diagnosed as an incidental finding when a CT is
done for another reason. An MRI is often done at the
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time of the initial diagnosis of an arachnoid cyst to
rule out a tumor. An intracranial cyst may cause no
mass effect or symptoms. Conservative treatment of
such a cyst, including follow-up scans to verify that
there is no change, may be adequate. The cyst can
cause a mass effect and symptoms. It can also cause
noncommunicating hydrocephalus from obstruction
of normal CSF pathways. Surgical intervention is re-
quired in these cases.

Neuroendoscopic fenestration of the cyst wall may
eliminate the need for a shunt. The surgeon breaks
the cyst wall with an endoscope and the fluid in the
cyst is allowed to drain into normal CSF passageways.
The goal is to reduce the cyst size and avoid place-
ment of a shunt, or if a shunt is necessary, to avoid
placing multiple shunts. Some surgeons may decide to
shunt the cyst first because of the high rate of cyst re-
occurrence after fenestration [1]. The surgeon may
also place shunt catheters into the cyst(s) and ventri-
cles. These catheters can be “Y’ed” together into a dis-
tal catheter terminating in the peritoneal cavity. The
failure rate of multiple shunt catheters is high and it is
difficult to determine which catheters are functional
and which are not at the time of malfunction. If the
lateral ventricles are loculated (isolated) from mem-
branes or cysts, the surgeon may fenestrate the sep-
tum pellucidum (septostomy) to eliminate the need
for more than one shunt catheter.

Brain Tumors
Approximately two-thirds of children who present
with a posterior fossa tumor will have hydrocephalus.
A smaller number of children with supratentorial tu-
mors will have associated hydrocephalus at the time
of diagnosis. If the hydrocephalus is severe and the
child is very symptomatic, an emergent external ven-
tricular drain or shunt may need to be placed. When
the surgeon anticipates a resection of the tumor, an
external ventricular drain is usually the most appro-
priate choice because of the risk of shunt failure after
tumor surgery. This is due to blood and debris in the
CSF from the surgery. If hydrocephalus is present,
most neurosurgeons will place an external ventricu-
lar drain immediately before a posterior fossa tumor
resection. The CSF is allowed to drain for 48-96 h
postoperatively and then the child is gradually weaned
from the drainage device over several days. Approxi-
mately 25-50% of the children will be unable to toler-
ate weaning and the removal of the external ventricu-
lar drain, and will need a permanent shunt [41]. Those
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who cannot tolerate the weaning will develop signs
and symptoms of hydrocephalus and ventriculomeg-
aly. A shunt or external third ventriculostomy will
need to be performed.

N Complications of Shunts and Treatment

Complications of CSF shunts include mechanical fail-
ure of the shunt, infection, and overshunting. De-
pending on the location of the distal catheter of the
CSF shunt, risks of other complications are possible.

. Shunt Malfunction

Mechanical failure of the shunt can be due to improp-
er placement, obstruction, disconnection, fracture,
and migration of the hardware. Malfunctions may
occur in the operating room, soon after surgery, or
years later. However, the most common time for a
malfunction is within the first 6 months after place-
ment or revision [21].

Obstruction of the shunt hardware comprises 50%
of all CSF shunt complications [5]. Most often the
obstruction occurs in the proximal portion of the
shunt. Total proximal obstruction of the shunt is fre-
quently associated with rapidly increasing intracra-
nial pressure and requires emergent intervention.
The proximal catheter may become obstructed in the
operating room or shortly thereafter with blood or
air. Proximal occlusion may also be the result of the
choroid plexus growing around the proximal por-
tion of the catheter, or from blood or other protein-
aceous material within the catheter or valve. A fur-
ther cause may be from the catheter being improp-
erly placed during surgery or slipping out of the
ventricle later.

There may be swelling along the shunt tract over
the skull and neck, if the proximal catheter is ob-
structed or partially occluded, with minimal signs of
shunt failure. Such swelling may also occur with a
functional shunt if there is a large hole in the dura
around the shunt, resulting in a CSF leak around the
shunt. Obstruction of the distal catheter may be the
result of distal infection, scarring, adhesions, or fat
occluding the shunt. As the child grows, the distal
end of the catheter may slip out of the abdominal
cavity. A tract may form allowing CSF to flow be-
yond the shunt tip, usually failing slowly over time.



Fig. 2.23. Radiograph shows a broken ventriculoperitoneal
shunt catheter near the clavicle (arrow). The most distal por-
tion of the catheter can be seen in the bottom of the perito-
neal cavity

Disconnections happen most often at connection
sites between components of the shunt. A disconnec-
tion may occur between the ventricular catheter and
valve, or between the valve and distal catheter. Tubing
that has been in place for a long time may become
fixed by the development of scar tissue around the
catheter. Over time, calcification may also develop
around the catheter and the catheter itself may de-
grade. Both fixation and calcification may lead to
catheter breakage with growth, particularly in the
neck where there is constant motion (Fig. 2.23). The
patient may also develop pain along an old calcified
shunt tract.

Migration of the distal catheter may occur to sev-
eral sites, including the scrotum, umbilicus, stomach,
mouth, intestine, chest, anus, uterus, internal jugular
vein, and coronary sinus. When migration occurs,
malfunction of the shunt often results from blockage
of CSF flow and/or lack of reabsorption of CSF [14].
Infection may also occur in conjunction with migra-
tion to another site. Other complications may occur
depending on where the distal shunt is located.

" Evaluation and Treatment

of Shunt Malfunctions
The initial work-up of the patient with a suspected
shunt malfunction includes a thorough history and
physical exam. The radiological exam includes shunt

series x-rays of the shunt hardware and a CT (without
contrast) of the head. Shunt series x-rays include ante-
rior/posterior and lateral films of the skull, neck, ab-
domen, and pelvis. These are done to evaluate the
continuity of the shunt hardware, location of the
hardware, valve type and any other abnormalities.
There may be areas of the shunt system that seem
translucent on the plain films, particularly over the
valve and connectors. Comparing the films to previ-
ous postoperative films may provide further informa-
tion about how the shunt appears at baseline. Com-
paring the films to x-rays of the most common shunt
valves and connectors may also be helpful.

The head CT is compared with previous scans. If
the ventricles have increased in size, a shunt failure is
usually confirmed. It may also be helpful to compare
the CT scans with scans associated with previous
shunt failures. The CT may also reveal other intracra-
nial complications.

Ventriculomegaly does not always occur with
shunt malfunctions. In some patients the ventricles
remain small, due to decreased ventricular compli-
ance. The child who does not demonstrate increased
ventricle size with shunt failure needs further testing
to evaluate shunt function.

Additional information about the shunt may be
obtained by tapping the shunt and measuring the in-
tracranial pressure. A 23-gauge butterfly needle con-
nected to a manometer can be used to access the shunt
via the reservoir or valve. When the shunt is working,
there is usually spontaneous flow of CSF through the
catheter into the manometer with good respiratory
variation. No flow of CSF from the shunt in the pres-
ence of normal or dilated ventricles is suggestive of a
proximal obstruction. If the ventricles are slit-like, no
flow may be normal. Intracranial pressure is mea-
sured manually with the manometer. The pressure is
measured with the “0” on the manometer at the level
of the external auditory meatus (see section on Nurs-
ing Care of the Hydrocephalus Patient After Surgery/
External Ventricular Drains). Pressure will vary de-
pending on age and activity of the child (Table 2.4).
To obtain a true pressure, the child must be calm. In-
tracranial pressure measured with a manometer is
measured in centimeters of water (cmH,0) and may
also be referred to in millimeters of water (mmH,O);
intracranial pressure monitoring performed elec-
tronically by transducer is measured in millimeters of
mercury (mmHg.)
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Table 2.4. Normal intracranial pressure for infants and chil-
dren. Adapted from Wang and Avellino [41]

Age Pressure Pressure
(cmH20)? (mmHg)*
Neonate <3 <2
Newborn 2-8 1.5-6
Young child 4-9 3-7

1.36 cmH,0 = 1 mmHg

A nuclear medicine study (shuntogram) is another
test that may be useful in the evaluation of shunt
function. A 23-gauge butterfly needle is inserted into
the shunt reservoir or valve and the opening pressure
is measured. A radioisotope is then injected into the
shunt and gamma camera images are taken of the
head, neck, and abdomen to evaluate movement of
the tracer. Normal findings of a shuntogram include
an opening pressure of 0-20cmH,0O (dependent on
the age and activity of the child), and radioisotope
flows out of the needle hub, clears out of the reservoir
and shunt, and disperses freely into the peritoneal
cavity (the half time should be less than 5 min). Both
a shunt tap and a nuclear medicine study can some-
times provide confusing results.

If a shunt malfunction is confirmed, the child is
taken to the operating room for a shunt revision.
Sometimes a very symptomatic patient without clear
diagnostic findings during the work-up may be taken
to the operating room to explore the shunt. During a
shunt revision, all parts of the shunt are evaluated.
Shunt hardware parts that are malfunctioning are re-
placed.

. Shunt Infection

Infection is the second most common complication of
CSF shunts. The incidence is greatest in the 1st year
after placement, with 80% appearing in the first
6 months. Rates of infection range from 2 to 39%,
with an average of 5-10% [15]. Patient characteristics
can influence risk. Infants and younger children,
those with concurrent infection, those with previous
shunt infection, and those with postoperative disrup-
tion of the incision exposing the shunt hardware have
a higher risk of shunt infection.

The most common infecting organism is staphylo-
cocci. Staphylococcus epidermis (coagulase-negative
staphylococcus) is seen in 50-75% of all shunt infec-
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tions [15]. Staphylococcus aureus (coagulase-positive
staphylococcus), Gram-negative organisms (usually
Escherichia coli, klebsiella, proteus, and pseudomo-
nas), streptococcal species, neisseria, hemophilus in-
fluenza, and fungi make up the remainder of most
infections. Infections with Gram-positive organisms
correlate with a better outcome than those with
Gram-negative organisms. The infection usually oc-
curs in one of three ways: (1) via intraoperative con-
tamination, (2) via the bloodstream, or (3) via retro-
grade travel from a contaminated distal catheter.

Evaluation and Treatment

of a Cerebrospinal Shunt Infection
When a child with a shunt presents with symptoms of
infection, one should have a high index of suspicion of
a shunt infection if the child has had a recent shunt
procedure or a history of infections. If the child is
stable and has not had a shunt procedure in the last
several months, the most common diseases of child-
hood should be ruled out. A thorough physical exam
and laboratory work (including complete blood count,
¢ reactive protein, erythrocyte sedimentation rate,
blood cultures, urinalysis, and chest films) may help
locate the source of the infection. Most neurosurgeons
are reluctant to tap a shunt unless there is clearly no
other source of infection, due to the risk of infecting
the shunt with the tap.

The child presenting with a shunt infection may
range from minimally to gravely ill. The child may
have one or more signs and symptoms of infection,
including fever, irritability, redness and/or swelling
over the shunt tract, or redness and/or drainage from
shunt incisions. The infected shunt may or may not
fail. Therefore, the child may or may not have signs
and symptoms of a shunt malfunction, including
headaches, nausea, vomiting, and lethargy. If the dis-
tal portion of the shunt is infected, the child may
have abdominal symptoms, including pain, tender-
ness to palpation, and distension. An abdominal CT
or US may reveal an intra-abdominal loculated CSF
collection.

Diagnosis of a shunt infection is confirmed by a
positive CSF culture from the shunt (or a positive
culture from explanted hardware). The shunt reser-
voir is aspirated via a shunt tap for CSF and sent to
the lab for glucose, protein, cell count, Gram stain,
and culture. Infection in the tissues surrounding the
reservoir is usually a contraindication to tapping the
shunt. Even presumed sterile aspiration of the shunt



in this setting could lead to contamination and sub-
sequent infection of the shunt.

The treatment of a shunt infection varies, but in
general, the principles of treatment of infection in
the setting of a foreign body are followed. Cultures
are obtained and intravenous broad-spectrum anti-
biotics are started to cover the most likely organisms.
The shunt hardware is either externalized or totally
removed, and replaced with an external ventricular
drain. Some neurosurgeons may not remove the
shunt if it is functional and treat with intravenous
antibiotics only. However, this is somewhat contro-
versial.

Once the specific infecting organism sensitivities
are known, the antibiotics may be altered. The child
is treated with intravenous antibiotics until the CSF
has been sterile for several days. There is no consis-
tent agreement about the number of days that the
CSF should be sterile before the shunt hardware can
be reimplanted. Many neurosurgeons also prefer for
the CSF to have less than 50/mm?® white blood cells
and the protein to be less than 500 mg/dl before re-
placing the shunt. Most commonly, the child will re-
ceive 5-10 days of treatment before the shunt is re-
placed. There is also no consistent agreement as to
the length of antibiotic treatment after the shunt has
been replaced. Factors such as the specific organism,
the severity of the infection, and previous history of
infections may all affect the length of antibiotic treat-
ment.

Preventing infection is the best way to improve
outcome. At present, adherence to meticulous intra-
operative aseptic technique and perioperative pro-
phylactic systemic antibiotics are accepted proce-
dures. There is no proven drug of choice or length of
treatment after a shunt revision. Most neurosurgeons
use intravenous cefazolin, nafcillin, vancomycin,
ceftriaxone, or methacillin. Length of treatment var-
ies from 24 to 72 h postoperatively.

Antibiotic-impregnated shunts may also be used
in an effort to prevent and/or reduce shunt infec-
tions, but their efficacy has not been established.
These catheters may be impregnated with vancomy-
in, rifampin, clindamycin, or iodine. They are not
used routinely because they carry the risk of induc-
ing bacterial resistance and possibly an adverse reac-
tion to the shunt. They may not be effective against
all bacteria. Some studies using these catheters sug-
gest a lower incidence of shunt infections, although
longer follow-up and more studies are needed.

Hydrocephalus

n Complications Related
to Distal Catheter Location

Ventriculoperitoneal Shunts

The abdominal cavity is the preferred area to place
the distal end of a CSF shunt in most cases. However,
the abdomen can frequently be the site of other surgi-
cal procedures or diseases. This is particularly an is-
sue in young children with chronic medical condi-
tions. These children may need frequent urological
procedures, gastrostomy tube placement and revi-
sions, or other bowel surgeries. Intra-abdominal ad-
hesions and scarring from old procedures or previous
shunt infections may decrease the absorptive capabil-
ity of the peritoneum. Pseudocysts may develop
around the tip of the catheter, with or without infec-
tion. The presence of an intra-abdominal infection,
such as appendicitis, may or may not infect the shunt
and make the abdominal cavity unsuitable for anoth-
er shunt. The distal catheter may erode into the bowel
leading to shunt infection and peritonitis. Other com-
plications that may occur from intra-abdominal
shunts include a 17% risk of inguinal hernia develop-
ment (if the shunt is placed in young infants whose
process vaginalis is still patent) or the development of
a hydrocele.

Ventriculoatrial Shunts

If the abdomen is not an appropriate site for the distal
shunt catheter, it may be placed in the right atrium of
the heart. Ventriculoatrial catheters potentially have
more serious complications than ventriculoperitoneal
catheters. Complications include: migration of the
shunt into the superior vena cava (usually with failure
of the shunt), pneumothorax, endocarditis, shunt ne-
phritis, pulmonary embolism, septicemia, septic em-
boli, cardiac arrhythmias, cardiac tamponade, de-
tachment of the catheter with migration into the cor-
onary sinus, and obstruction of the vena cava system.
Shunt nephritis is an unusual complication that can
cause proteinuria, hematuria, and decreased kidney
function, and is often associated with low-grade in-
fection of the shunt. If shunt infection is suspected,
blood cultures and a 24-h urine analysis for quantita-
tive protein are obtained in addition to the other labs
to rule out shunt nephritis.

Another problem with ventriculoatrial shunts is
that extra tubing cannot be placed into the right atri-
um to allow for growth. Therefore, infants and young
children may outgrow these shunts in months, result-
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ing in shunt failure. A ventriculoatrial shunt may re-
quire frequent revisions to allow for growth. By ex-
amining the chest x-ray, one can diagnose the distal
catheter being dislodged from the right atrium.
When examined at autopsy, multiple processes may
have occurred around a ventriculoatrial catheter. Fi-
brinous material may surround the catheter, vegetation
may be seen within the wall of the right atrium, and
there may be evidence of pulmonary emboli [20].

N Lumboperitoneal Catheter Complications

Historically, several complications have been associ-
ated with lumboperitoneal shunts, including frequent
shunt failure, scoliosis, arachnoiditis, back stiffness,
back pain, sciatica, neurological changes in the lower
limbs, and hindbrain herniation [25]. These compli-
cations have been reduced with changes in shunt
hardware and careful preoperative screening. First,
with the introduction of percutaneously implanted
shunts and improved shunt catheters, the need to per-
form a laminectomy for shunt placement is now rare.
This has reduced the rate of scoliosis and arachnoidi-
tis. Secondly, preoperative evaluation of patients for
hindbrain herniation, including a CSF flow study, can
help determine when posterior fossa decompression
prior to placement of the lumboperitoneal shunt is
appropriate. Thorough preoperative evaluation and
the use of a higher-pressure valve may decrease the
risk and incidence of hindbrain herniation, and de-
crease the incidence of lumboperitoneal shunt com-
plications [28].
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N Overdrainage Causing Extra-axial
Fluid Collection

After a CSF shunt is placed, if the ventricles decom-
press excessively or too rapidly, extra-axial fluid col-
lections and/or a subdural hematoma may occur.
Bridging veins on the brain’s surface may tear as the
brain falls away from the dura, and bleeding can oc-
cur, creating a subdural hematoma (Fig. 2.24). This is
a risk when shunts are placed for the first time in old-
er children. Treatment depends on severity, symp-
toms, and the type of valve used. If the valve is pro-
grammable, the pressure may be temporarily in-
creased. If not, the valve may need to be replaced with
a higher-pressure valve. By allowing the ventricles to
stay dilated, the brain will resume its normal position
against the dura and skull. If a subdural hematoma is
present, it may need to be drained.

N Special Diagnostic and Treatment Challenge:
Slit Ventricle Syndrome

Approximately 75% of patients with slit ventricles on
scan have no symptoms. Slit ventricle syndrome usu-
ally occurs after the shunt has been in place for many
years, making it more common in the older child and
adolescent; however, younger children and infants
may also be affected. Slit ventricle syndrome has been
used in the literature to describe several different sit-
uations that include symptomatic small ventricles.
This has lead to confusion in choosing the most effec-
tive treatment option and evaluating the outcome.

Fig. 2.24 a, b. Fifteen-year-old
male with achondroplasia and
chronic hydrocephalus. a Pre-
operative MRI shows enlarged
ventricles. b Postoperative MRI
shows collapsed ventricles with
subsequent development of
bilateral (right greater then left)
subdural hematomas



In a review of the literature, Olson [25] found at
least five different clinical scenarios in which children
have radiologically slit ventricles and headaches. Pat-
terns include: an on-off (intermittent) symptom com-
plex, overdrainage and siphoning with negative intra-
cranial pressure (particularly when the patient is up-
right), recurring proximal ventricular catheter
dysfunction, chronic subdural collections due to
shunt overdrainage, and headaches unrelated to shunt
function. Most authors applied the syndrome to an
on-off (intermittent) symptom complex. This has fur-
ther been defined as “severe intermittent headaches
lasting 10-90 min associated with smaller than nor-
mal ventricles on imaging studies, and a slow refill on
valve pumping devices” [27]. The pathophysiology
supporting these symptoms is that with slit ventricles,
the catheter becomes intermittently obstructed with
surrounding tissue, the pressure rises, and when it is
high enough the ventricles minimally dilate, allowing
the catheter to function again. To avoid confusion,
using the term noncompliant ventricle syndrome in-
stead of slit ventricle syndrome has been recommend-
ed. Of children with radiologically slit ventricles and
headaches, 6-22% have noncompliant ventricle syn-
drome [25].

The exact mechanism underlying the syndrome is
not known, and may be a combination of proposed
theories. First, because there is a relationship between
ventricular pressure and intracranial pressure: when
CSF pressure drops, there is an increase in venous
congestion and brain elasticity. Second, an increased
pressure with subependymal flow can cause subepen-
dymal gliosis and periventricular gliosis with in-
creased ventricular wall stiffness. Consequently, a
higher than normal intracranial pressure is needed to
dilate the ventricles. Third, in newborns, overshunt-
ing leads to radiologically slit ventricles, and the de-
velopment of microcephaly and suture synostosis.
Because of the small ventricles, catheters easily be-
come plugged. With a small cranial compartment,
ventricular dilation is restricted and can lead to in-
creased intracranial pressure.

Symptoms are those associated with shunt mal-
function (intermittent headaches, nausea, vomiting,
and other signs of increased intracranial pressure).
Headaches are the most common complaint. In some
patients, being upright worsens the symptoms and ly-
ing down improves them.

Evaluation initially involves the typical work-up
for shunt malfunction. When the CT is normal, but
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significant symptoms persist, further studies are war-
ranted. A shuntogram may confirm CSF patency and
tlow, but can be misleading due to the intermittent
nature of the problem. Continuous invasive intracra-
nial pressure monitoring may correlate symptoms
with pressure. This may be done via a fiber optic in-
tracranial monitoring device, or via an external ven-
tricular drainage catheter attached to an intracranial
monitoring device.

Some patients may benefit from antimigraine
therapy using propranolol, dihydroergotamine, or
amitriptyline. The mechanism by which these drugs
work is probably by reducing venous congestion. Pro-
pranolol, a beta blocker, cannot be used in children
with asthma, as it will render asthma medications
(beta-adrenergic agonist bronchodilators such as alb-
uterol) ineffective.

A revision of the shunt is the most common treat-
ment for noncompliant ventricle syndrome. If head-
aches occur with low pressure, an anti-\siphon device
may be added and the valve may be changed to a high-
er-pressure or programmable valve. These shunt
changes may decrease overdrainage and promote
slightly larger ventricles, allowing for more consistent
shunt function. Multiple changes in ventricular valve
pressure are often needed during the evaluation and
treatment of noncompliant syndrome. Programmable
valves have made this possible without repeated sur-
gical procedures. Before any such changes in an in-
fant, it is important to rule out craniosynostosis, as
increasing the valve pressure in this situation could
cause a pathological increase in intracranial pressure.
Shunt replacement in the setting of small ventricles
can be difficult and may require the use of endosco-
py.

Success has recently been reported with the place-
ment of a lumboperitoneal shunt in addition to a ven-
triculoperitoneal shunt [25]. This may result from an
added increase in CSF drainage when an increase in
intracranial pressure occurs. A potential risk factor
with a lumbar shunt in addition to a ventriculoperito-
neal shunt is that if the ventricular catheter fails,
hindbrain herniation may occur (acquired Chiari I).

Other surgical procedures have been utilized, in-
cluding subtemporal decompression, calvarial expan-
sion, and third ventriculostomy. Subtemporal decom-
pression reduces intracranial pressure by removing a
portion of the skull. The procedure can be accom-
plished with low risks, and so some recommend this
as a first-line treatment for noncompliant ventricle
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Fig. 2.25. Eleven-month-old male with a VP shunt and slit
ventricle syndrome. He had many months of irritability and
trouble feeding and had several shunt revisions, including the
placement of programmable valves and the placement of an
LPS. He eventually underwent a cranial expansion procedure
and his symptoms improved

syndrome in patients with synostosis and a small cal-
varium. Calvarial expansion is a much more exten-
sive procedure and bleeding is a significant risk
(Fig. 2.25).

B Pscudotumor Cerebri
in the Pediatric Population

Another type of CSF absorption problem is a condi-
tion known as pseudotumor cerebri (PTC). It is de-
scribed as elevated intracranial pressure without hy-
drocephalus, mass lesion, infection, or hypertensive
encephalopathy [6]. PTC is the result of CSF malab-
sorption or obstruction in the intracranial venous
system. Sometimes an exact cause can be found, such
as a thrombosis, which may be the source of the ob-
struction. Many times, however, a cause is not found.
Thus, PTC is usually a diagnosis of exclusion [4].

In the general population, PTC is found in 0.9 per
100,000, but the incidence increases to 90 per 100,000
of obese adult females. There is a female to male pre-
dominance of 8:1-2 in adults, but there is no gender
predominance in children. Obesity is less frequently a
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cause of PTC in children. There is a peak incidence in
the third decade (range 1-55 years), and 37% of cases
are in children. Ninety percent of children are diag-
nosed between 5 and 15 years of age, and PTC is rare-
ly seen in infants [3].

There are three types, or classifications of PTC:
primary, secondary, and atypical pseudotumor. The
most common form, primary PTC, is idiopathic and
the cause unknown. Secondary PTC presents as the
result of another illness, or cause. Secondary PTC
may be associated with a known neurological disease,
the result of a systemic illness (i.e., clotting disorder),
or caused by the ingestion or withdrawal of exogenous
agents (i.e., vitaminosis A, antibiotics, and others). Fi-
nally, atypical PTC presents without papilledema, or
may be seen in infants. The most common causes of
PTC in children include venous thrombosis, steroid
withdrawal, and malnutrition, or exogenous sub-
stances. Obesity, as in the general population, is be-
ginning to be seen more frequently as a cause of PTC
in children.

N Pathophysiology

CSF is absorbed into the venous system after traveling
passively through the arachnoid villi. A failure of CSF
absorption may be caused by a blockage somewhere
in these veins, such as by a thrombus. Right heart fail-
ure in infants sometimes leads to PTC by causing a
retrograde elevated intracranial pressure, and thus a
CSF absorption problem.

Several exogenous agents have been known to
cause PTC. These include vitamin A, chemothera-
peutic agents like vincristine, and some antibiotics.
Although there are theories as to how these agents
cause changes in CSF absorption pathways at the cel-
lular level, the exact cause of PTC from the ingestion
of vitamin A or other medicines, remains unclear [1,
6,7].

™ Clinical Evaluation

The examiner should obtain a thorough history and
perform a complete physical examination, including
an age-appropriate neurological examination (please
refer to the Chap. 1 regarding the neurological exam-
ination). CT and plain MRI will not aid in diagnosis,
but are performed to exclude other causes of increased
intracranial pressure such as mass lesions [30]. Mag-
netic resonance venograms may show an obstruction,



or occlusion. A lumbar puncture can demonstrate an
elevated opening pressure, and is performed with the
patient lying in the lateral position. It is important to
position patients on their side, as patients placed on
their abdomens may have an artificially elevated
opening pressure. Retrograde venography is the mea-
surement of the intracranial venous systems via a
catheter threaded upward from the femoral vein. Ab-
normal readings, including elevation of right-sided
heart measurements, demonstrate the exact location
of an obstruction; this is known as a “gradient.” Oph-
thalmologic examinations are performed to note any
changes in visual fields, papilledema, and other tests
of visual acuity. This may be done by a pediatric oph-
thalmologist. Intracranial pressure monitoring may
be done with an intraparenchymal transducer, or
similar device. This is helpful to note changes in pres-
sure throughout the day, while awake and asleep.
Changes in position may also cause elevations in pres-
sures, such as turning the head from side to side, be-
cause of venous obstruction on one side. Psychologi-
cal evaluations may be performed, as there can be
complicated comorbid involvement in some patients
who receive secondary gain from having headaches
that cannot always be diagnosed.

Treatment

Sometimes PTC may resolve spontaneously. Serial
lumbar punctures to remove CSF have been shown to
be beneficial in the resolution of PTC. More perma-
nent CSF diversion may be necessary. This includes
the implantation of a lumbar shunt, with the valve
system being the choice of the neurosurgeon. The
lumbar shunt communicates with the CSF outside the
ventricular system at the level of the subarachnoid
space [28]. The implantation of a ventricular access
device such as a Rickham Reservoir (Codman, Ray-
ham, MA, USA) allows for rapid and accurate mea-
surement of intracranial pressure manometrically
with little discomfort to the child. Because the ven-
tricles are small in this condition, the placement of
the reservoir is best performed using stereotactic
guidance. Shunts from the ventricles to the peritone-
um are difficult to maintain because of the small size
of the ventricles, and thus the ventricular shunt can-
not provide adequate drainage of CSF from the sub-
arachnoid space.

Optic nerve sheath fenestrations are performed to
reduce pressure on the optic nerve, as well as drain
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CSE, because the CSF may communicate with the
subarachnoid space.

Medications may helpful by reducing the produc-
tion of CSF (e.g., acetazolamide, furosemide). This is
usually a temporary measure until either a more per-
manent solution is found or the PTC resolves. Medi-
cations are used with caution, as there are side effects
that include electrolyte abnormalities.

Obese patients with PTC and stable visual symp-
toms are best treated with weight loss to avoid shunt
placement or optic nerve sheath fenestration [24].
Even a small amount of weight loss can reduce intra-
cranial pressure. Bariatric surgery may be considered
for a morbidly obese patient who is in their late
teens.

Nursing Care

Sometimes children are placed in the Pediatric Inten-
sive Care Unit for several days while their intracranial
pressure is monitored via an intraparenchymal wire.
It is usually inserted in the operating room, under an-
esthesia, to maintain strict asepsis and to reduce anx-
iety. The nurse plays an important role in monitoring
elevations in pressure, and assisting the family to keep
a “headache diary” during their stay. Monitoring of
visual changes is also very important.

Patient and family education is needed so that life-
style changes can be made to prevent loss of vision
and the adaptation to the possible shunting systems.
There are several web sites that provide education to
families, and allow patients to communicate with one
another. Patient and family support are provided by
nursing, social service, and psychological interven-
tion as needed.

Finally, there is ongoing research for future cures
and diagnosis of PTC, including new ways to measure
intravenous pressures. The placement of intracranial
stenting devices that bypass a venous obstruction
have been placed in a small number of adults with
some success.

N Nursing Care of the Hydrocephalus
Patient after Surgery

The most common operations that children with hy-
drocephalus undergo are shunt placement, shunt re-
vision, and endoscopic third ventriculostomy. Be-
cause these children frequently have other diseases
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Chapter 2

related to the hydrocephalus they often undergo other
surgeries to treat a multitude of other problems.

n Neurological Assessment

Neurological assessment is discussed in Chap. 1. The
assessment must occur in a developmentally appro-
priate manner. The nurse must also consider what is
developmentally appropriate behavior for the infant
or child, based upon his age. It is vital to also consider
the individual child and his baseline. Many condi-
tions related to hydrocephalus are also associated
with significant delays, and because complications of
hydrocephalus may worsen such delays, these chil-
dren have a wide range of developmental abnormali-
ties. A detailed history of developmental skill and
baseline function is a vital part of being able to assess
the infant/child.

Parents and families are an excellent resource to
provide information about their particular child’s de-
velopmental level. The signs and symptoms of in-
creasing intracranial pressure may initially be very
subtle. Hence, the child’s caretaker is a valuable re-
source in such assessment and may notice subtle
changes before nursing and medical staff.

Neurological assessment of the child after surgery
to treat the hydrocephalus needs to be done frequent-
ly. The surgeon will usually specify the frequency, but
assessment should occur every 1-4 h, depending on
the condition of the child. An exam that is changing
subtly over time may be an indication of a failed sur-
gical treatment or postoperative complication. The
first signs of increasing intracranial pressure are usu-
ally subtle and related to mildly increasing somno-
lence, lack of interest in activities (feeding) or play,
and subtle behavioral changes. Level of consciousness
is the most important single indicator of neurological
status. Altered level of consciousness may progress to
confusion, disorientation, somnolence, lethargy, ob-
tundation, stupor, and coma.

A thorough neurological assessment starts with
watching the child play and interact with those
around him. Assessment also includes asking the
child if he has a headache. The child should be exam-
ined for his ability to answer questions appropriately
and follow directions. Asking a child to move his
arms and legs will also allow the examiner to assess
muscle strength, tone, and movement. Vital signs
should also be assessed. Bradycardia can be a sign of
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increased intracranial pressure. Increased blood pres-
sure is usually not a common finding in children un-
til late in the process of increasing intracranial pres-
sure.

It is important to carefully examine the eyes, not-
ing that checking pupils without further exam is nev-
er an adequate exam. The pupils are checked for
equality, roundness, and reactivity to light. Dilated
and nonreactive pupils are a very late sign of increased
intracranial pressure. A “sun-setting” appearance to
the eyes or the loss of upward gaze is an abnormal
finding. The extraocular movements should be in-
tact.

The infant’s head should be examined. The occipi-
tal frontal circumference should be measured and
documented on a daily basis to determine appropriate
head growth. The fontanels should be palpated with
the child upright and calm. The anterior fontanel
should feel soft and pulsatile. A tense or bulging fon-
tanel is suspicious for increased intracranial pressure.
The suture lines of the skull should also be examined.
Normal suture lines are palpable and apposed. If they
are overriding, the infant may have overdrainage of
the system. If the sutures are splayed there is likely
increased intracranial pressure.

B wound and Dressing Care

The child will usually come from the operating room
with a dressing over the incision. The dressing is nor-
mally removed, or changed, during the first few post-
operative days. If a dressing is soiled or saturated with
blood, most surgeons agree that it should be replaced.
If the child is likely to pick at the incision, a dressing
may be left on to prevent infection. Before a child goes
home, most surgeons agree the dressing should be
changed and the wound inspected for any erythema,
drainage, swelling, or infection.

. Medications

A substantial majority of neurosurgeons will order
intravenous antibiotics for 24-48 h after the surgery
to prevent shunt infection. Cefazolin or nafcillin are
the most commonly used antibiotics, as Gram-posi-
tive organisms demonstrate a sensitivity to them.
Vancomycin may also be used.



Pain management starts with good pain assess-
ment. Age-appropriate pain assessment scales such as
CRIES (crying, requires increased oxygen adminis-
tration, increased vital signs, expression, sleepless-
ness), the Objective Pain Scale, and Oucher may be
used. There is a wide variety of pain experienced by
children after surgery for hydrocephalus. Pain may be
related to the cranial incision(s), the abdominal inci-
sion, the amount of intra-abdominal manipulation,
and the tunneling of the distal catheter through the
subcutaneous tissue. Other factors influencing pain
may include the age of the child, the child and/or
family’s prior experience with pain, and the child and
family’s anxiety. Pain is usually managed with medi-
cations, although other techniques may be helpful.
The first drug of choice is usually acetaminophen. It
should be adequately dosed at 15 mg/kg/dose and can
be given orally or rectally. Nonsteriodal anti-inflam-
matory drugs (NSAIDS) may be used, but they can
inhibit platelet aggregation and prolong bleeding
time. For this reason, some neurosurgeons do not use
NSAIDS during the immediate postoperative period.

If the child needs additional medication for pain,
the surgeon’s beliefs about pain control in neurosur-
gical patients will be a factor. Some neurosurgeons
will order opiates such as morphine sulfate, oxyco-
done, and codeine. Other surgeons do not want to al-
ter the patient’s neurological exam with these drugs.
The nurse should not administer these drugs if there
is concern that the pain is due to increasing intracra-
nial pressure or the neurological exam is changing.
Other modalities to relieve pain may include age-ap-
propriate relaxation techniques, play therapy, music
therapy, massage, distraction, and acupuncture or
acupressure.

Some children will experience nausea and vomit-
ing from anesthesia that may be worsened by exten-
sive intra-abdominal manipulation during the sur-
gery. Medications to treat this include metoclo-
pramide and ondansetron. The nurse should not
administer these drugs repeatedly if there is a possi-
bility that the nausea and vomiting are due to increas-
ing intracranial pressure. Treating the symptoms and
ignoring the underlying cause may result in further
increased pressure and delay of needed treatment.

Children who are on antiseizure medications pre-
operatively should have these resumed as soon as pos-
sible. Often, because of vomiting before or after the
surgery, doses are missed so it is helpful to check
blood levels of the drugs to ensure they are therapeu-
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tic. If the levels are subtherapeutic, extra doses may be
ordered. Children with low levels of their antiseizure
medications are at increased risk for seizures.

Infants and children require some intravenous flu-
ids after surgery until they can take adequate fluids
orally. Fluid loss from vomiting should be replaced.
Electrolytes should also be monitored during periods
of vomiting. The nurse should assess the child for
symptoms of adequate hydration. Usually the child
will receive maintenance fluids postoperatively for at
least 12 h. The child with a shunt in place should nev-
er have an intravenous line placed into the scalp be-
cause of the risk of introducing bacteria to the area
around the shunt hardware.

B other Nursing Care

The surgeon will usually specify the position that the
child should assume. Elevating the head of the bed
30-45 degrees will enhance shunt function by gravity
aiding the flow of the CSF through the shunt. The
surgeon may specify that the infant or child be placed
flat if there is concern about overdrainage of the ven-
tricles. If the ventricles are allowed to drain too quick-
ly, the outside of cerebral cortex may pull away from
the dura. This may cause tearing of the bridging veins
and result in a subdural hematoma. Infants with over-
riding sutures are usually placed flat to minimize
over drainage. If overriding sutures are allowed to oc-
cur for a long period of time the sutures may fuse pre-
maturely. The nurse should also position the infant or
child off of the incision and shunt hardware. Young
infants who are allowed to lie on the hardware may
experience skin breakdown, within hours, which can
lead to shunt infection.

These children have all the other usual postopera-
tive needs of pediatric surgery patients. Nurses should
be concerned with adequate diet, good pulmonary
care, mobilization issues, skin care, adequate rest,
and emotional care. X-rays of the shunt system are
also done during the postoperative period to assure
correct placement of the shunt, that the system is in-
tact, and for any other potential complications (i.e.,
pneumothorax associated with a ventriculoatrial
shunt).
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[ | Extraventricular Drainage

CSF can be temporally diverted outside the body us-
ing an extraventricular drain (ventriculostomy), and
may be used with or without intracranial pressure
monitoring. It is commonly used in the treatment of
shunt infections, in which the colonized shunt tub-
ing, as well as the infected CSF, needs to be removed
in order to completely eradicate the infection. Usually
the entire shunt system is removed, although occa-
sionally just the distal portion of the shunt is exter-
nalized. In addition