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Intracranial Dynamics
Paula Vernon-Levett

ESSENTIAL EMBRYOLOGY

U

nlike in other organ systems, functional immaturity of
the neurologic system is extremely obvious when
approaching the infant and young child in the pediatric
intensive care unit (lCU). Neurologic developmental immaturity affects every aspect of care: nurses' approach to
patients, assessment strategies, and management priorities.
Neurologic dysfunction may be primary or may occur
secondarily from other major organ system dysfunction, for
example, cardiovascular collapse or acute respiratory failure. Compared with other organ systems, the neurologic
system is unforgiving. Cells within the central nervous
system cannot regenerate; short periods of inadequate
perfusion may result in long-term devastating outcomes.
Although infants may compensate for significant neurologic
deficits, older children and adolescents may require extensive rehabilitation.
Based on the Role Delineation Study implemented by the
American Association of Critical-Care Nurses (AACN)
Certification Corporation, approximately 10% of pediatric
critical care practice involves caring for patients with
neurologic dysfunction. I Because of the pervasiveness of
neurologic alterations in critical care patients, requisite
knowledge of the neurologic system is essential. This
chapter reviews essential neurologic embryology, anatomy,
and associated physiology. Neurologic assessment is presented, followed by a discussion of neurologic intensive
care monitoring and diagnostic testing.

ESSENTIAL ANATOMY AND PHYSIOLOGY

Microscopic Structures
Extracranial Structures
Brain
Cerebrospinal Fluid and the Ventricular
System
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Autonomic Nervous System
Central Nervous System Circulation
INTRACRANIAL PRESSURE DYNAMICS
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Cerebral Blood Flow
NEUROLOGIC ASSESSMENT

History
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Assessment of the Neurologically Impaired
Child
Neurologic Assessment of the Chemically
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NEUROLOGIC INTENSIVE CARE MONITORING
INTRACRANIAL PRESSURE MONITORING

ESSENTIAL EMBRYOLOGY

ICP Monitoring Systems
ICP Waveform Analysis
ICP Trend Recordings
Nursing Implications

The third week of human development is a period of rapid
embryonic development with differentiation of the three
primitive germ layers: ectoderm, mesoderm, and endoderm.
The ectoderm layer gives rise to the central nervous system
(CNS), consisting of the brain, spinal cord, and other
structures, for example, the skin.
The notochord, a cellular rod, develops during the
third week of gestation, defining the primitive axis of the
embryo and giving it some rigidity. The embryonic ectoderm over the notochord (neuroectoderm) thickens to
form the neural plate. On approximately the eighteenth

MONITORING CEREBRAL FUNCTION

Continuous EEG Monitoring
Evoked Potential Monitoring
NEURODIAGNOSTIC STUDIES
SUMMARY
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Fig. 10·1 Diagrammatic sketches of the brain vesicles indicating the adult derivatives of their walls
and cavities. 'The rostral (anterior) part of the third ventricle forms from the cavity of the
telencephalon; most of the third ventricle is derived from the cavity of the diencephalon. (From Moore KL,
Persaud TVN: The developing human: clinically oriented emblyology, ed 5, Philadelphia, 1993,
WB Saunders, p 40 I.)

day of embryonic development, the neural plate invaginates to form the longitudinal neural groove with two
adjacent neural folds. At the end of the third week, the
neural folds move together and begin to fuse' to form
the neural tube. Fusion of the two neural folds begins
centrally and expands toward the future brain (rostrally)
and the sacral area (caudally). The rostral end closes
first, followed 2 days later by closure of the caudal end.
The cranial two thirds of the neural tube develops further
to form the future brain, and the caudal one third becomes
the spinal cord. The neural tube canal becomes the
ventricular system of the brain and the central canal of the
spinal cord. The process of embryonic development from
neural plate formation to neural tube development is
referred to as neurulation and is complete by the fourth week
of gestation.
As the neural folds fuse, the neural tube separates from
the surface ectoderm. During this fusion, groups of neuroectoderm cells lying on the crest of each neural fold separate
from the neural tube. These neuroectoderm cells, collectively called the neural crest, form a mass between the
surface ectoderm and neuroectoderm. The neural crest cells
differentiate into a number of cells in the peripheral nervous
system, autonomic nervous system, cranial and skeletal
nerves, and some skeletal nerves and muscular components
of the head.
During the fourth week and before closure of the caudal
and rostral neuropores, three primary brain vesicles begin to
appear that later develop into the brain (Fig. 10-1). The most
rostral vesicle is the forebrain, or prosencephalon, the
midclle vesicle is the midbrain, or mesencephalon, and the
most caudal vesicle is the hindbrain, or rhombencephalon.

During the fifth week, with further development, two of
the primary vesicles subdivide to form secondary vesicles.
The prosencephalon develops into the telencephalon and the
diencephalon, and the rhombencephalon develops into the
metencephalon and the myelencephalon. The mesencephalon remains unchanged.
A longitudinal groove, called the sulcus limitans, forms
along the lateral surface of the neural tube canal during the
fourth week. This groove subdivides the dorsal part (alar
plate) of the spinal cord from the ventral part (basal plate).
These plates form longitudinal bulges that extend most of
the length of the spinal cord. This regional separation is
important in terms of spinal cord function. The alar plate
is later associated with afferent function, and the basal plate
is associated with efferent function.
Most abnormal development of the CNS results from
failure of the neural tube to close properly during the fourth
week of development. Defective closure of the caudal
opening of the neural tube (caudal neuropore) produces
malformations of the spinal cord and the overlying tissue.
These malformations, collectively referred to as spina
bifida, range in severity from minor, clinically insignificant
defects (spina bifida occulta) to severe defects with
neurologic deficits (myelomeningocele). Defective closure
of the rostral opening of the neural tube (rostral neuropore)
results in severe malformations of the brain, for example, anencephaly or exencephaly. Other CNS malformations may result from faulty histogenesis of the cerebral
cortex, interference with cerebrospinal fluid (CSF) circulation and absorption, and defective formation of the
cranium. Table 10-1 summarizes congenital malformations
of the CNS.
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Description

. -~ Posterior fontanel

Paflelal bone
Coronal suture .I!!!,,---'

Absence of most of cerebral hemispheres and calvaria
Herniation or protrusion of brain
and meninges
through a defect in the
skull
Protrusion of saclike cyst containing
meninges and spinal fluid through
a defect in the vertebral arch
Protrusion of saclike cyst containing
meninges, spinal fluid, and
portion of the spinal cord with its
nerves through a defect in the
vertebral arch
Downward displacement of brainstem and cerebellum through the
foramen magnum and into spinal
canal. Hydrocephalus from CSF
obstruction occurs in majority of
cases

Almost complete absence of cranial
vault. Often associated with vertebral column defect
Premature closure of one or more of
the cranial sutures
Small calvaria and brain with
normal-sized face

- Occipital bone

Fig. 10·2 Location of the anterior and posterior fontanelles.
(From Betz CL. Hunsberger M, Wright S: Family-centered nursing
care of children, ed 2, Philadelphia, 1994, WB Saunders, p 124.)

Neurons come in a variety of sizes and shapes with a
number of different functions. Most neurons have three
components: a cell body, dendrites, and an axon. The cell
body contains a nucleus but lacks the ability to reproduce
itself. The dendrites carry nerve impulses to the cell body,
and the axon(s) conducts impulses away from the body.
Numerous descriptive terminology exists to classify neurons, based on their location, morphology, and function.
Glial cells (neuroglia) compose approximately 50% of
CNS tissue volume and outnumber neurons by a factor of
10. There are different types of glial cells with different
functions. Oligodendroglia in the CNS and Schwann cells in
the PNS form myelin sheaths around axons to increase the
speed of conduction of an impulse. Other types of glial cells
assist with metabolic functions, remove cellular debris, and
form special contacts between neuronal surfaces and the
circulation.

Extracranial Structures

ESSENTIAL ANATOMY AND PHYSIOLOGY
The nervous system is divided into the peripheral nervous
system (PNS) and the CNS. The PNS is composed of the
cranial and spinal nerves, and the CNS is composed of the
brain and spinal cord. The basic unit of the nervous system
is the neuron. The following section briefly discusses each
of the microscopic and macroscopic structures of the nervous system, as well as the CNS coverings, the ventricular
system, and cerebral circulation.

Microscopic Structures
The two basic cellular elements of the nervous system are
neurons and glial cells. The neuron is the primary cell of the
CNS and is responsible for detecting environmental changes
and initiating body responses. Neuroglial cells of the eNS
and PNS provide nutrition and structural support to the
neurons.

The skull (cranial vault) consists of two components:
neurocranium and viscerocranium. The neurocranium is a
protective covering of the brain, and the viscerocranium is
the skeleton of the jaw. At birth, the newborn's skull is
cartilaginous and consists of eight bones: one frontal, one
ethmoid, one sphenoid, two temporal, two parietal, and one
occipital. The flat bones are separated by dense, white,
fibrous connective tissue membranes called sutures. These
sutures accommodate the rapid growth of brain tissue,
which is greatest during the first 2 years of life. Several
sutures join together at six areas to form fontanelles
(Fig. 10-2). The posterolateral fontanelles and the anterior
fontanelle close during the first and second years of life,
respectively, from growth of surrounding bone.
Meninges is the term given to describe the three
membranous connective tissue layers that cover and protect
the brain and spinal cord (Fig. 10-3, A). The outermost layer
is the dura mater (dura) and consists of two thick,
membranous layers. The outer (periosteum) layer adheres to
the inner surface of the skull and the vertebral column. The
inner layer of the dura divides the two cerebral hemispheres
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along the median longitudinal fissure (falx cerebri), the
cerebral hemispheres from the cerebellum and brainstem
(tentorium cerebelli), and the two cerebellar hemispheres
(falx cerebelli) (Fig. 10-3, B).
The middle covering is named after the Greek word
arachne. which means "spider web." This arachnoid layer
is a transparent avascular covering with many thin strands of
collagen called trabeculars. The trabeculae are believed to
help suspend the brain within the meninges 2
The pia mater (pia) is the innermost meningeal layer. It is
a very delicate, clear membrane that directly adheres to the
surface of the brain, following all of the contours of the
brain and spinal cord. The arachnoid and pia layers are
collectively called the leptomeninges and are sometimes
referred to as the same entity.
The outer layer of the dura normally adheres closely to
the inner table of the skull, especially in the infant. A
potential space (epidural or extradural) may develop from
bleeding that causes separation of the dura from the skull.
The space between the dura and arachnoid layers is the
subdural space. It is narrow and contains a small amount of
serous fluid that prevents adhesions from forming between
the two layers. The subarachnoid space is between the
arachnoid and pia layers. This space is relatively large and
contains circulating CSF.

Brain
The brain is divided into three gross anatomic units: the
cerebrum, the brainstem, and the cerebellum. The cerebrum

Superior sagittal sinus _ _---,

is further subdivided into the telencephalon and the diencephalon, and the brainstem is subdivided into the mesencephalon (midbrain), the metencephalon (pons), and the
myelencephalon (medulla).
Telencephalon. The telencephalon is composed of
the right and left cerebral hemispheres and the basal ganglia.
The cerebral hemispheres are mirror images divided from
each other by the med.ian longitudinal fissure. The surfaces
of the cerebral hemispheres have convolutions, and each of
these ridges is known as a gyrus. Each gyrus is separated by
a shallow groove (sulcus) or a deep groove (fissure). The
outer layer of the cerebral hemispheres or cortex is gray and
consists primarily of cell bodies. The inner layer is white
and consists of myelinated axons. Axons that pass from one
lobe to another in the same hemisphere are known as
associative fibers. Axons that pass between hemispheres,
such as the corpus callosum, are known as commissural
fibers. Axons that pass from a cerebral hemisphere to other
areas of the CNS are known as projection fibers.
The basal ganglia, including the caudate nucleus, putamen, globus pallidus, claustrum, and amygdala, is a collection of gray matter nuclei located deep in the white matter
of the cerebral hemispheres on either side of the midline.
General function of the basal ganglia includes unconscious
control of lower motor centers. Damage or dysfunction of
the basal ganglia may produce disturbances of muscle tone
and various abnormal involuntary movements.
Anatomic fissures divide each of the cerebral hemispheres into four lobes: the temporal, parietal, frontal, and
occipital (Fig. 10-4). These lobes have some distinct

Arachnoid villi

Periosteum

Bone
Dura mater
~_ _

Arachnoid

A

Fig. 10-3 A, Cranial meninges. Arachnoid villi shown within superior sagittal sinus are one site of
passage of cerebrospinal fluid into the blood. (From Chaffee EE, Lytle 1M: Basic physiology and anatomy.
Philadelphia, 1980, JB Lippincott.)
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Fig. 10-3. cont'd B, Dural folds and venous sinuses. (Copyright 1996 by ClBA-GEIGY Corporation.
Reprinted with permission from the Ciba Collection of Medical Illustrations, illustrated by Frank Netter,
MD. All rights reserved.)
Central fissure (Rolando)

Frontallobe _ _~,-

Qccipitallobe

Transverse
fissure

Temporal lobe

Fig. 10-4 Lateral aspect of the left cerebral and cerebellar
hemispheres. (From Hickey JV: The clinical practice of neurological and neurosurgical nursing, ed 2, Philadelphia, 1986,
JB Lippincott, p 32.)
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functions; however, they are not precise, and considerable functional overlap is found among lobes. Some neuroanatomy texts consider a fifth lobe, called the insula, which
is buried deep in the lateral sulcus and has no known function in humans. Although oversimplified, functional descriptions of the four lobes are given for purposes of general
orientation. (Refer to neuroanatomy references at the end of
this chapter for a more detailed discussion of cortical
function.)
The frontal lobe is the largest lobe of the cerebral
hemispheres. The central sulcus (fissure of Rolando) divides
the frontal lobe from the parietal lobe, and the lateral
cerebral fissure (fissure of Sylvius) divides the frontal lobe
from the temporal lobe. The frontal lobe has four general
functional areas: the primary motor cortex and premotor
areas are involved in the initiation of voluntary movements,
Broca's area is involved with written and spoken language,
and the prefrontal cortex is the origin of "personality."
Injury or impainnent of the frontal lobe may cause
personality changes, altered intellectual functioning, memory deficits, language deficits, or impaired body movements.
The temporal lobe is separated superiorly from the
frontal lobe by the lateral cerebral fissure. Posteriorly, it is
divided from the occipital lobe by an imaginary line from
the parieto-occipital fissure. General functions of the
temporal lobe include reception and interpretation of
auditory information, expression of emotional and visceral
responses, and retention of recent memory. Injury or
impairment of the temporal lobe may cause an inability to
interpret sensory experiences.
The parietal lobe is separated from the frontal lobe by the
central sulcus and from the temporal and occipital lobe by
the parieto-occipital fissure. The parietal lobe is associated
with three general functions: initial processing of tactile and
proprioceptive infonnation, comprehension of language
(together with the temporal lobe). and orientation of spatial
relationships and time. Injury or impairment of the parietal
lobe may result in language dysfunction. aphasia, and motor
and sensory loss in the lower extremities.
The occipital lobe is relatively small and sits on the
tentorium cerebelli. The rostral border is the parietooccipital sulcus. The lateral surface is poorly delineated
from the parietal lobe and is composed of a number of
irregularly shaped lateral occipital gyri. The major function
of the occipital lobe is reception and interpretation of visual
stimuli. Injury or impairment of the occipital lobe may
impair vision.
Diencephalon. The diencephalon is a paired structure
on each side of the third ventricle between the cerebral
hemispheres (Fig. 10-5). It protrudes over the most rostral
end of the brainstem, and some consider it a part of the
brainstem. It is divided into the thalamus, the hypothalamus.
and the epithalamus.
The thalamus is the largest subdivision of the diencephalon. It is an egg-shaped nuclear mass, part of which
surrounds the third ventricle. The enlarged lateral and caudal
portions of the thalamus overlie the midbrain structures. A
very simplistic description of its function is that of a relay
station. However, it also performs complex, interrelated

functions; it transfers sensory input to the cerebral cortex,
controls electrocortical activity, and assists to modulate
motor functions. Damage or dysfunction of the thalamus
may result in impaired consciousness.
The hypothalamus, as its name indicates, lies below and
anterior to the thalamus fonning the floor and walls of the
third ventricle (see Fig. 10-5, B). Although small, it has
many vital functions. It plays an important role in physiologic homeostasis by regulating visceral, endocrine, and
metabolic activity. It also regulates such functions as
temperature control, sleep, hunger, and emotion. Damage or
dysfunction of the hypothalamus may cause alterations in
vegetative, endocrine, and metabolic functions, for example,
coma and diabetes insipidus (see Chapter 23).
The epithalamus is made up of the pineal gland and some
small neural structures. The pineal gland or epiphysis is a
small, cone-shaped body attached to a stalk. It is attached
midline to the roof of the third ventricle (see Fig. 10-5, C).
The exact function of this gland is not well understood.
However, apparently it may function as a biologic clock
regulating both physiologic and behavioral processes.
Mesencephalon (Midbrain). The mesencephalon is
one of three structures that compose the wedge-shaped
brainstem. The mesencephalon is the smallest of all of the
five divisions of the brain and is located rostrally on the
brainstem between the diencephalon and the metencephalon
(Fig. 10-6). The mesencephalon is further divided into three
areas: the tectum, the tegmentum, and the paired cerebral
peduncles. The tectum is made up of two upper rounded
projections (superior colliculi) and two lower rounded
projections (inferior colliculi). These four projections are
associated with visual and auditory functions. The body of
the mesencephalon where fiber tracts pass is referred to as
the tegmentum. Also situated in the tegmentum are the
nuclei from the oculomotor nerve and the trochlear nerve. At
the base of the mesencephalon are a pair of fiber bundles
(cerebral peduncles) that are continuations of descending
fibers. Damage or dysfunction of the mesencephalon may
cause impaired consciousness, decerebrate posturing, and
neurologic hyperventilation.
Metencephalon (Pons). The metencephalon is located between the midbrain and the medulla. It is ventral
(anterior) to the cerebellum, separated from it by the fourth
ventricle (see Fig. 10-6). The ventral portion of the
metencephalon is called the basis pontis. It contains
longitudinal descending fiber bundles, pontine nuclei, and
transverse fibers that connect with the cerebellum. Dorsal to
the basis pontis is the tegmental portion of the metencephalon. The tegmentum contains collections of cells and fibers
that fonn the reticular fonnation that is continuous with the
medulla and midbrain. Also within the tegmentum are
cranial nerve (CN) nuclei V, VI, VII, and VIII and ascending
and descending fiber tracts. Damage or dysfunction of the
metencephalon may cause impaired consciousness; deep,
rapid, periodic breathing; and impaired muscle function
innervated by CN V through VIII.
Myelencephalon (Medulla). The myelencephalon
is also called the medulla or medulla oblongata. It is located
below the pons ventral to the cerebellum (see Fig. 10-6).
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Fig. 10-5 Different views of the diencephalon. A, Left midsagittal surface. B, Midsagittal surface
dissected exposes dorsal surface of thalamus. C, Dorsal view of thalamus. D, Lateral view of brainstem and
diencephalon. (From Romero-Sierra C: Neuroanatomy: a conceptual approach, New York, 1986, Churchill
Livingstone.)

The fourth ventricle is located in the dorsal midline of the
myelencephalon. Like the pons and midbrain, the myelencephalon contains ascending and descending fiber tracts. It
also contains CN nuclei IX through XII. The reticular
formation originates from the medulla containing cardiac,
respiratory, and arousability centers. Damage or dysfunction
to the myelencephalon may cause impaired vital functions,
alteration in consciousness, ataxic breathing, and loss of gag
and corneal reflexes.
Cerebellum. The cerebellum is a wedge-shaped structure that lies in the posterior fossa dorsal to most of the
brainstem and inferior to the tentorium. It is divided into two
lobes or hemispheres by a midline structure, the vermis, and
is anchored to the brainstem via three pairs of fiber bundles
called the cerebellar peduncles. The dorsal surface is

arranged in multiple small folds, giving it a banded external
appearance and increasing its surface area. The cerebellum
is primarily concerned with coordination of voluntary
movements, control of muscle tone, and maintenance of
equilibrium. Damage or dysfunction of the cerebellum may
cause a variety of problems with coordination, gait, and
general motor function.

Cerebrospinal Fluid and
the Ventricular System
Deep within the brain is the ventricular system, which
consists of four interconnecting chambers that produce and
circulate CSF (Fig. 10-7). The two paired lateral ventricles
are the largest of the four chambers and are contained within
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DIENCEPHALON

OCULOMOTOR NERVE (III)

}

>~::FACiAL NERVE AND
NERVUS INTERMEDIUS (VII)

VESTIBULOCOCHLEAA NERVE lVIII)

ABDUCENS NERVE (VI)

GLOSSOPHARYNGEAL NERVE (IXI
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1-~~"
Fig. 10-6 Ventral surface of the human brainstem and diencephalon. (From Gilman S, Winans SS:
Manter & Gatz:' essentials of clinical neuroanatomy and neurophysiology, ed 6, Philadelphia, 1982,
FA Davis.)

the cerebral hemispheres. Each lateral ventricle is divided
into five parts: an anterior hom, a body, an atrium, a
posterior hom, and an inferior hom.
The lateral ventricles communicate with each other and
the third ventricle through the interventricular foramen
(foramen of Monro). The third ventricle is a small, narrow
slit that connects with the fourth ventricle through the
aqueduct of Sylvius. Unlike the lateral and third ventricles,
which communicate only with other parts of the ventricular
system, the fourth ventricle also communicates with the
subarachnoid space. Circulation of CSF occurs between
the ventricular system and the subarachnoid space around
the brain and spinal cord via three openings: the paired
foramina of Luschka (lateral) and the midline foramen of
Magendie.
CSF is produced primarily by the choroid plexus, present
in all four ventricles, and to a lesser degree by the brain
parenchyma. Its primary functions are protection, nutrition,
and fluid and electrolyte balance of the CNS tissue. The
microscopic structure of the choroid plexus is a three-layer
membrane: choroid capillary endothelium, pial cells, and
choroid epithelium. CSF is formed by active transport. CSF
is a colorless liquid that has an ionic composition similar to
that of plasma, but it is low in proteins and cells (Table
10-2). The rate of production of CSF is relatively constant
at 0.35 mUkg/min and is unaffected by systemic blood
pressure or intraventricular pressure.
After CSF circulates in the subarachnoid space over the
cerebral hemispheres and around the spinal cord, it travels

back to the superior sagittal sinus, where it is reabsorbed by
the arachnoid villi (see Fig. 10-7). These villi are small
arachnoid projections that function as one-way valves
between the subarachnoid space and the sagittal sinus. They
allow CSF to enter the dural venous blood but prevent blood
from entering the subarachnoid space.
Disturbances may occur in CSF production and circulation that may result in dilation of the ventricular system with
an excessive increase in head size in the infant (hydrocephalus). The three conditions that produce hydrocephalus are
obstruction of CSF circulatory pathways, diminished reabsorption of CSF, and overproduction of CSF. The most
common of these causes is obstruction of the CSF pathways
from either congenital or acquired conditions. Malabsorption of CSF is rare; it is occasionally seen with a
subarachnoid hemorrhage when the arachnoid villi are
obstructed from debris. Overproduction of CSF may be
caused by a choroid plexus papilloma.

Spinal Cord
The spinal cord is a long, cylindric structure, encased within
the vertebral column. Rostrally, it begins at the foramen
magnum and extends caudally to the level of the second
lumbar vertebra (L2), where it becomes cone shaped (conus
medullaris). The spinal cord is covered with the same three
meningeal layers as on the brain.
A cross-sectional view of the cord reveals a centrally
located H-shaped area of gray matter that consists of
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Fig.10·7 Ventricular system. (Copyright 1996 by CIBA-GEIGY Corporation. Reprinted with permission
from the Ciba Collection of Medical Illustrations. illustrated by Frank Netter. MD. All rights reserved.)
neuronal cell bodies and their processes (Fig. 10-8). The
gray matter has two anterior (ventral) horns and two
posterior (dorsal) horns. The anterior horns contain motor
neurons (lower motor neurons) that supply skeletal muscles.
and the posterior horns contain neurons that are associated
with sensory input to the spinal cord. The size of the gray
matter varies. dependi ng on the number of structures
innervated at a particular spinal cord level. For example. the
gray matter is larger in the cervical and lumbosacral areas
because innervation of the extremities occurs from these
areas of the cord.
Surrounding the gray matter is white matter composed of

10·2 Normal Cerebrospinal'Fluid
(>1 Month of Age)

TABLE

Appearance
Glucose
Protein
Cell count
Leukocytes
Pressure

Clear
Colorless
2/3 of blood sugar
>60 mg/dl
15-45 mg/dl
<5/mm 3
5/mm 3
60- 160 mm H2 0
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Back (dorsal)
Right half Left half
Column of white matter
Dorsal horn of gray matter

_~-A-rl'-r.<:::;;:;;;;::---- 1. Posterior
,r;i7'i~--

Dorsal root - - - -

2. Lateral
3. Anterior

Dorsal root ganglion - - -

Spinal nerve _ _-oJ

' - - - - - Ventral root

Ventral horn of gray matter _ _...J

Front (ventral)

Fig. 10·8

Cross-section of the spinal cord.

~

TABLE 10·3 Common Ascending
. .". . and Descending Spinal Tracts

m;;,?:,

rractName

Function

jscending (Sensory)

~fPo.;.;"
..... rsal (posterior) spino-

Proprioception

I

Proprioception

lie

cerebellar
':l¥entral (anterior) spino~. cerebellar
!I!f~ateral spinothalamic

.•

~I'~'.;~. ntral (anterior)

Pain, temperature
Touch, pressure

':: _spinothalamic

Ilescending (Motor)
ICorticospinal (pyramidal
Iiili tracts)
f!1;' Ventral (anterior)
corticospinal
~rCLateral
corticospinal
;t)t-

iF

~ubrospinal

Skilled voluntary movements
Skilled voluntary movements
Fine movements, muscle
tone
Aids equilibrium. extensor
muscle tone
Posture, muscle tone
Mediates optic and auditory
rellex movement

myelinated nerve fibers. The nerve fibers consist of one of
three types: long ascending fibers from the spinal cord to the
brainstem, cerebellum, or brainstem nuclei; long descending
fibers from the cerebral cortex or brainstem nuclei to the
spinal cord gray matter; and short fibers that interconnect
various segments of the spinal cord. Descending and
ascending fibers that have similar functions tend to travel
together and are called spinal tracts. Numerous tracts are
arranged together to form a funiculus. Table 10-3 summarizes the most common ascending and descending tracts.

Peripheral Nervous System
Spinal Nerves. Within the PNS are 31 pairs of spinal
nerves with related branches and ganglia. They form from
the convergence of the ventral (motor) efferent and dorsal
(sensory) afferent rootlets that exit the spinal cord through
the intervertebral foramen. The paired spinal nerves are
divided into five segments: cervical (8), thoracic (12),
lumbar (5), sacral (5), and coccygeal (I). Spinal nerves are
numbered after the vertebral level from which they exit.
Because there are eight cervical spinal nerves, they take
their number from the vertebral level below their exit. The
remaining spinal nerves are numbered to correspond to the
vertebral level above their exit.
Cranial Nerves. There are 12 pairs of cranial nerves,
with their nuclei originating from the CNS. Because they
connect the CNS with peripheral structures, they are
generally classified as belonging to the PNS. Most of the
cranial nerves have both sensory and motor functions,
although some have purely sensory or motor functions.
Damage directly to cranial nerves or to surrounding
structures can often be determined by assessing cranial
nerve function. Fig. 10-9 illustrates the cephalocaudal
location of CN nuclei 1 through XII. Table 10,4 outlines CN
function, how each is tested according to age, and the
clinical significance of abnormal findings.

Autonomic Nervous System
The autonomic nervous system (ANS) has structures that
are located in both the CNS and the PNS; however, most
consider it part of the efferent division of the PNS. The ANS
unconsciously regulates three types of body tissue: cardiac
muscle, smooth muscle, and most glands. The ANS is
divided structurally and functionally into two parts: the
sympathetic and parasympathetic nervous system. Both systems are based on a two-neuron pathway. The first neuron is
referred to as a preganglionic neuron and the second, a
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Fig. 10-9 Cranial nerves (Copyright 1996 by CIBA-GEIGY Corporation. Reprinted with pennission from
the Ciba Collection of Medical Illustrations. illustrated by Frank Netter, MD. All rights reserved.)

postganglionic neuron. With few exceptions, these two systems have neurons that stimulate and control the same organs (Fig. 10-10). Because the parasympathetic and sympathetic systems have antagonistic functions, they are usually
maintained in balance. An imbalance can occur between the
two systems in one of two ways: by increasing the stimulus
from one system or by decreasing the stimulus from the
other system.
Parasympathetic System. The parasympathetic system is the division of the ANS that usually dominates
when a person is resting. The neurotransmitter acetylcholine is released in the synapse between the parasympa-

thetic postganglionic neurons and the effector organ. Activation of the parasympathetic system produces responses
such as increased peristalsis, decreased heart rate, and
secretion of intestinal enzymes. Administration of exogenous sources of acetylcholine or stimulation of a nerve that
contains many parasympathetic nerve fibers (e.g., the
vagus nerve) produces a characteristic parasympathetic
response.
Sympathetic System. The sympathetic nervous system is responsible for increasing the overall energy level of
the body when necessary to overcome a stressful situation,
whether it is physical or psychologic. Unlike the parasym-
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10·4 Assessment of Cranial Nerve Function
Testing

_tanial Nerve

'!h

-i~k,. "
. · · ~ Ifactory

I

Function

Infant

Child

Smell

Usually not assessed. young
infant responds to strong odors
with generalized movement,
but testing is unreliable

Vision

Introduce a bright light and
observe for a blink response
in the newborn, Observe older
infants' ability to pick up small
objects

Assess each nostril separately
using common odors (e.g.,
soap, mints, orange). Testing
is unreliable in very young
children
Visual acuity tested in young
child through recognition of
familiar objects at various
distances. The older child can
be tested with Snellen chart
or measuring tape with
numbers. Ophthalmoscopic
examination performed at end
of session in young child.
The child is instructed to
fixate on a distant object
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mE.
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flI~PtiC
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».11',

Altered Level of
Consciousness

Clinical Significance

Not tested

Must have patient cooperation.
Damage to the nerve or
olfactory bulbs can alter
or result in loss of smell

Assess pupillary
response to
light

Any abnormality requires further
investigation. Lesions in the
optic chiasm generally produce
bi lateral but nonhomonomous
defects. Lesions behind chiasm
produce homonomous field
defects in both fields of vision.
Lesion of the eye and optic
tract produce visual defects in
the visual field of one eye
only. Papilledema may indicate
elevated intracranial pressure.
The optic disc is pale, gray,
and poorly developed in the
infant. The child's retina is
lighter than the adult's. Failure
of pupil constriction to light
may indicate optic nerve
damage or oculomotor nerve
paralysis

!.\ii

&
. ~...m~culomotor
£\~~I;,
I~;!:

.,

Pupillary constriction,
extraocular movements, elevation of
upper eyelid

IV-Downward and
inward movement
of the eye
VI-Lateral movement of the eye
III-All other extracellular movements

Motor division:
muscles of
mastication
Sensory division:
innervation of the
face with three
branches (ophthalmic, maxillary,
mandibular)

Assess pupillary response; shine a
bright light in each eye starting
from the outer periphery of the
visual field. Assess consensual
response by shining a bright
light in one eye and observing
for constriction in the other
eye. Assess accommodation
by noting convergence and
constriction as a bright light
is brought toward the nose.
Assess eyelids for ptosis
(drooping). Extraocular movements are tested with cranial
nerves III, IV, and VI (see
below)
Assess the six fields of gaze; note
conjugate movement of the
eyes as a bright object is
moved from the midline into
each of the six fields of gaze

Same as infant

Assess the six fields of gaze
with the infant

Tested with
efferent portion
of oculocephalic and
oculovestibular
responses

Test strength of muscles by
assessing the infant sucking on
a finger or nipple. Test rooting
reflex. Test corneal reflex by
lightly touching the cornea
with a cotton wisp. Observe
for blinking and tearing

Palpate the temporal and masseter muscles whi Ie the chi Id is
clenching; assess for strength
and symmetry. Observe jaw
movement for symmetry
while talking, laughing,
crying. Test the three regions
of the face (eyes closed) for
sensation. Test the corneal
reflex as in the infant

Assess corneal
reflex

Assess pupillary
response to
light

Elevated intracranial pressure
may produce unequal pupils;
unreactive or sluggish pupillary
response to light; or dilated
pupil(s). Roving eye movements may be present in the
comatose patient with intact
nerve

Binocular fixation usually present
by 3 months of age. Nystagmus normal in premature
infants and neonates. Damage
to cranial nerve IV can cause
diplopia and altered downward
movement. Dysconjugate gaze
after 6 months of age may
indicate blindness. A paralysis
of gaze may indicate a lesion
or dysfunction of various parts
of the brain. Be prepared to
protect airway if oculocephalic
or oculovestibular responses
absent (negative)
Damage to the motor division can
result in impaired mastication.
Damage to the sensory division
may impair facial sensation or
cause pain, Tears are usually
not present in infants less than
2-3 months of age, Use of
contact lenses may diminish or
abolish corneal reflex
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Neurological assessment of the infant and toddler, Crit Care Nllrs 3:87, 1983: Slota Me: Pediatric neurological assessment, Crit Care Nllrs 3: I06. 1983.
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Testing

Function

Infant

Child

Motor division: motor
innervation of facial
muscles and mouth
Sensory division:
taste in anterior two
thirds of tongue

Facial tone can best be observed
during crying and smiling.
Movement should be symmetric. Testing for discrimination of taste not possible

Cochlear division:
hearing
Vestibular division:
balance

Hearing can be assessed in
newborns by testing the
acoustic blink ret1ex: a loud
noise by the infant will
produce a blink response.
Older infants will stop moving
when listening to sound or
move head in direction of
sound. Vestibular function is
not routinely tested. Oculovestibular response may be
tested in patient with altered
mental status
Assess together with cranial
nerve X. Stimulate a gag ret1ex
by touching posterior portion
of the tongue. Note hoarse or
stridorous crying

Motor innervation of the face
can be tested by asking the
child to make a "mad" face
and observe facial tone while
smiling or crying. Ask the
child to "puff out" his or her
cheeks. Sensation tested by
applying various substances
to the anterior tongue
Hearing is tested using a variety
of high- and low-pitched
sounds. Vestibular function
not routinely tested. Oculovestibular response (caloric
testing) may be tested for
complaints of tinnitus or
vertigo. May also be tested in
patient with altered mental
status

Sensory innervation to
the pharynx and
posterior one third
of the tongue

Assess together with cranial
nerve X. Instruct the child to
say "ah" and note movement
of the soft palate. Movement
should be upward. Stimulate
a gag ret1ex. Observe child's
ability to swallow without
pain or choking. Note excess
drooling or coughing

o

Altered Level of
Consciousness

Clinical Significance

Not tested

Damage to the nerve can produce
facial paralysis or weakness
and loss of taste sensation to
the anterior tongue

Tested with afferent portion of
oculocephalic
and oculovestibu)ar responses

Damage to the nerve can result in
impairment of hearing, deafness, vertigo, tinnitus, and
nystagmus. A normal response
to caloric testing in the awake
patient is jerk nystagmus,
nausea, and/or vomiting.
Caloric testing in the comatose
patient with brainstem damage
produces no response (i.e.,
eyes are fixed)

Assess gag ret1ex

Damage to the nerve can result in
dysphagia, dysarthria, impaired
sensation, excessive drooling.
stridor. and autonomic nervous
system changes related to the
vagus nerve
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II~.j~.·.• . I-SPinal accessory

til'
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Sensory division:
innervation to the
larynx and pharynx
Motor division: innervation to the palate
and pharynx and
parasympathetic
functions
Motor innervation of
the sternocleidomastoid muscle and
the upper portion of
the trapezius muscle

Observe for normal side-to-side
head movement

'~~~

Motor innervation to
the tongue

!~odified from Slota MC:
~)

Observe the tongue or fasciculations, asymmetric movement
or atrophy

Ask the child to shrug his or
her shoulders against the
pressure of your hands, Ask
the child to tum his or her
head side to side against the
pressure of your hand.
Observe for strength and
symmetry
Same as the infant

Not tested

Fasciculation is occasionally
seen in denervating diseases.
Damage to this nerve can
result in asymmetric shoulder
posture, impaired strength, and
difficulty moving the head
from side to side

Not tested

In pyramidal disorders, the
tongue may be spastic.
Unilateral damage to the
nerve or its nucleus can cause
deviation of the longue toward
the side of the lesion. Damage
to this nerve can cause paresis,
paralysis, fasciculations, or
atrophy

Neurological assessment of Ibe infant and toddler, Crir Care Nurs 3:87, 1983; Slota MC: Pediatric neurological assessment, Cr;t Care Nltrs 3:106, 1983.
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Ciliary ganglion_ _G=:>
Dilator _~~opalatine

___

gangli~

~ 'EandibUlar gangl
..

Iris ;~d ciliary muscles

\?

h

..

Submandibular and sublingual

"'''-~~ '''''(-~

Parotid gland (secretory)

L

Pelvic nerve

Fig. 10-10 Diagram of the autonomic nervous system, including parasympathetic or craniosacral fibers
and sympathetic or thoracolumbar fibers. Note that most organs have a double nerve supply.
(From Chaffee EE, Lytle 1M: Basic physiology and anatomy, Philadelphia, 1980, JB Lippincott.)

pathetic system, whose postganglionic neurons secrete
acetylcholine, sympathetic postganglionic neurons secrete
norepinephrine. Activation of the sympathetic system with
release of norepinephrine produces a characteristic response: bronchiolar dilation, increased heart rate and

contractility, vasodilation of blood vessels to vital organs,
and pupillary dilation. Similarly, if a person is administered
an exogenous source of epinephrine or if the parasympathetic system is blocked, the body mimics responses that
directly result from sympathetic activation.
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Fig. 10-11

Arterial supply of the brain. (From Mettler FA: Neuroanatomy, ed 2, St Louis, J 948, Mosby.)

Central Nervous System Circulation
In comparison with other organs of the body, the brain's
metabolic demands for glucose and oxygen are very high.
The amount of glucose and oxygen required by the brain per
minute is referred to as the cerebral metabolic rate of
glucose (CMR glucose) and the cerebral metabolic rate
of oxygen (CMRO z). The CMR glucose is approximately
4.5 to 5.5 mg/loo g/min, and the CMRO z is approximately
3 to 3.5 milloo g/min. To meet these metabolic demands,
approximately 20% of the body's cardiac output must be
continuously delivered to the brain. 3
Arterial System. The predominant arterial flow to the
brain is from two systems: the paired carotid arteries
anteriorly and the paired vertebral arteries posteriorly (Fig.
10-11). The majority of cerebral blood flow (CBF) is
supplied by the internal carotid arteries, which originate
from the common carotid arteries. The internal carotid
arteries further subdivide into the anterior and middle
cerebral arteries. The anterior cerebral artery supplies blood
to the basal ganglia of the corpus callosum, the medial
surface of the cerebral hemispheres, and the superior surface

of the frontal and parietal lobes. The middle cerebral artery
supplies blood to the frontal lobe, the parietal lobe, and the
cortical surfaces of the temporal lobe. Occlusion of the
anterior cerebral artery may lead to weakness or hemiplegia
on the contralateral side of the body. Occlusion of the
middle cerebral artery may cause aphasia and contralateral
hemiplegia.
The paired vertebral arteries originate at the subclavian
arteries. They join to form the basilar artery on the ventral
surface of the brainstem at the junction of the pons and
medulla. The basilar artery proceeds rostrally, and at the
level of the midbrain, it divides to form the paired posterior
cerebral arteries. The vertebral-basilar arteries supply blood
to the posterior sections of the cerebral hemispheres, the
cerebellum, and the brainstem. Occlusion of the vertebralbasilar arteries may cause a variety disorders, such as
sensory loss, visual loss, and contralateral hemiplegia.
At the base of the brain, the posterior cerebral arteries,
the posterior communicating arteries, the internal carotid
arteries, the anterior cerebral arteries, and the anterior
communicating artery fuse to form the circle of Willis. As
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these large conducting arteries leave the circle of Willis,
their diameter becomes smaller to form arterioles and pial
arteries. These smaller arterioles branch off at 90-degree
angles into the brain parenchyma and are called penetrating
or nutrient arteries.
Venous System. The two systems of venous drainage
in the brain consist of superficial and deep veins, all of
which are valveless (see Fig. 10-3, B). In general, the superficial veins drain venous blood from the cerebral hemispheres and empty into the dural venous sinuses. The deep
veins drain internal structures and empty centrally into the
great cerebral vein (of Galen), which eventually empties
into the straight sinus. All venous drainage ultimately exits
at the base of the skull via the internal jugular veins. Obstruction of venous outflow may cause headaches, cerebral
edema, or cerebral hypertension.
Blood-Brain Barrier. Blood-brain barrier is the term
used to describe the anatomic structures and physiologic
processes that separate the brain and CSF compartments
from the blood compartment. Anatomic barriers include the
arachnoid layer, the blood-CSF barrier, and the cerebral
capillary barrier. All barrier sites are characterized by cells
with tight junctions between them. These tightly connected
cells function as a single layer of cells, allowing precise
regulation of chemicals among the brain, CSF, and plasma.
The blood-brain barrier protects the CNS by preventing
passage of potentially harmful molecules from the blood to
the brain. However, this barrier is equally effective in
preventing the passage of many antibiotic and chemotherapeutic medications. Consequently, a reduced number of
therapeutic agents are available to treat CNS disorders. The
blood-brain barrier may be altered from a number of CNS
insults, for example, chemical, physical, biologic, or infective insults.
Spinal Cord. The arterial supply of the spinal cord
originates from the vertebral arteries and radicular arteries.
At the base of the skull, the vertebral arteries give rise to the
posterior spinal arteries and the anterior spinal artery, which
descend alongside the spinal cord. Radicular arteries originate from the thoracic and abdominal aorta and enter the
spinal canal through the intervertebral foramen. The radicular arteries and the spinal arteries eventually connect.
Venous drainage of the spinal cord is via a series of
plexiform channels, which in turn drain into the radicular
veins. There are no valves in the spinal venous network.

r

TABl£ 10-5 NormallCP in Infants
and Children
Age Group
Newborn

Infants
Children
Adults

NormallCP (mmHg)

0.7-1.5
1.5-6.0
3.0-7.5
<10

,:- ata from Welch K: The intracranial pressure in infants. J Neurosurg
~Z:693-699.

1980.

change in one or more of the other volume compartments to
maintain equilibrium. With reciprocal changes in volume,
abnormal increases in ICP can be di verted.
Brain tissue represents the largest volume component of
the intracranial space, composing approximately 80% to
90% of the total. This volume may be increased by the
presence of neuropathologic conditions such as cerebral
edema or a brain tumor. The cerebral blood and CSF
compartments each represent 5% to 10% of intracranial
volume. The total cerebral blood volume may be altered in
the same way that CBF is controlled, for example, by
arterial carbon dioxide tension (Pac~) and arterial oxygen
tension (Pa0 2 ), or by local pH. CSF volume may also be
increased by mechanisms described earlier (see Cerebrospinal Fluid and the Ventricular System).
Because the skull is not rigid until closure of the
fontanelles and fusion of the cranial sutures (which occurs
around 5 years of age), the Monro-Kellie hypothesis is often
thought not to apply in the infant and young child. Although
in the first 3 years of life, slow increases in intracranial
volume are accommodated by increasing head circumference, rapid or unabated increases in intracranial volume
overburden this adaptive mechanism. Studies also suggest
that expansion of the skull evidenced by increased head
circumference occurs only after critical rcps have been
reached. 4 At best, the nonrigid container in the young child
tends to make the signs and symptoms of cerebral hypertension less striking. Astute nursing assessment to detect
subtle changes in neurologic status is therefore necessary to
avoid secondary neurologic injury.

Volume/Pressure Relationships

INTRACRANIAL PRESSURE DYNAMICS
Modified Monro-Kellie Doctrine
The Monro-Kellie doctrine, which has been modified over
the years, provides the basis for understanding the determinants of intracranial pressure (ICP). This doctrine states that
the skull and relatively inelastic dural sheath provide a rigid
container filled to capacity with nearly noncompressible
contents. The three volume components of the intracranial
space are brain tissue, CSF, and blood. The most important
concept of this doctrine is that if there is a change in anyone
of the volume compartments, there must be a reciprocal

Normal rcp varies in different age groups (Table 10-5).
Derived from the age-dependent norms, increased ICP is
also age dependent. Clinically, pressures greater than 15
mmHg are considered elevated, pressures between 20 and
40 mmHg are considered moderately elevated, and ICPs
greater than 40 mmHg indicate cerebral hypertension.
rcp is dynamic and fluctuates with each heartbeat and
respiration. ICP increases momentarily with certain activities and physiologic responses, including coughing or
sneezing and during Valsalva maneuvers and rapid eye
movement (REM) sleep. Temporary increases in intracranial
volume and subsequent rcp are normally well tolerated.
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1) Normal ICP- Good Compliance
2) NormallCP-Poor Compliance
3) Increased rCP-Poor Compliance
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Fig. 10-12 Intracranial volume/pressure curve.
(Adapted from Becker OP, Mickell J, Keenan R: In
Shoemaker We, Thomson WL, eds: Critical care:
state of the art, Fullerton, Calif, 1981, Society of
Critical Care Medicine, p I.)
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State
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Intracranial Volume

CSF volume manipulation is a major adaptive mechanism
when the subarachnoid space and ventricular outflow tracts
are patent. Along with decreased production and increased
reabsorption, CSF is translocated from the brain to the
distensible spinal subarachnoid space. When compensation
is maximized, slit ventricles and absence of sulci are viewed
on computed tomography scan. To a lesser degree, reducing
total cerebral blood volume or brain mass may also offset an
increase in ICP.
The patient's adaptive capacity is dependent on the
volume of the mass lesion, its rate of expansion, the total
volume of the intracranial cavity, and the relative volume of
blood and CSF that is available for displacement. When
adaptive mechanisms are obliterated, ICP will increase
rapidly, often with minor changes in cerebral blood volume.
The intracranial volume/pressure relationship curve describes how much intracranial volume produces how great a
change in ICP (Fig. 10-12). Elastance is the term used to
describe the change in pressure that occurs with a change in
volume into the intracranial space; elastance = ~ P/~ V.
Compliance is the inverse of elastance and is used to
describe the same volume/pressure relationship when pressure changes are induced; compliance = ~ Vic:,. P.
The relationship between intracranial volume and ICP is
not linear. The intracranial volume/pressure (VIP) curve has
three distinct phases: flat, exponential, and increased ICP.
Phase I, the flat portion of the curve, illustrates normal ICP
with good compliance. At this point, compensation is
effective in that the volume added is equal to the volume
removed from the intracranial compartment. Phase 2, the
exponential portion of the curve, illustrates normal ICP with
poor compliance. Here, the intracranial compartment is
described as "tight," adaptive capacity is reached, and any
further small increase in volume produces disproportionately large increases in ICP that may not return to baseline.
Phase 3 illustrates increased ICP with poor compliance.
Compensatory mechanisms have been exhausted. The
exponential relationship of the VIP curve explains the

rep
mmHg
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t.O
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10 4--~"":::::';""'-UNITS OF VOLUME
Variation in the volume/pressure curve. Diagram to
illustrate how changes in the gradient of the pressure/volume curve
mean that different volumetric changes are needed to produce a
given pressure change: less where the curve is steep and more
where the curve is flatter. Alternatively, the same volume change
will produce greater and lesser changes in pressure. dP, Change in
pressure; dV, change in volume. (From Miller JO: Increased
intracranial pressure: theoretical considerations. In Pellock JM.
Myer EC, eds: Neurological emergencies in infants and children,
Philadelphia, 1984, Harper & Row, p 65.)
Fig. 10-13

variability in ICP response among individuals and also in
the same individual at different times.
The critical point when compensation is lost varies and
depends on such factors as the rate of volumetric change,
systemic arterial pressure, and osmotic therapy. Age has also
been found to be a variable, with the younger child having
less buffering capacity.5.6 Thus when speaking of intracranial compliance, a series of compliance curves exist rather
than a single curve (Fig. 10-13). For example, the first V/P
curve (dv l ) may represent the acute increase in ICP that
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occurs within 24 to 48 hours after head trauma. The second
VIP curve (dv z) may represent the 48- to 72-hour delay in
increased ICP after a hypoxic-ischemic episode. The last
VIP curve (dv 3 ) may represent the slow increase in ICP that
occurs in a patient with a brain tumor. The collaborative
management goal is to shift the patient's ICP down to the
right of one curve or, better yet, to improve intracranial
compliance and shift the patient's ICP to a new VIP curve on
the left of the curve.

Pressures

Flow gradient

ICP>MAP>CVP

No Flow

Cerebral Blood Flow
The normal rate of CBF is approximately 40 ml/IOO g/min
in newborns and 53 mllIOO g/min in older children. 7 A
severe and prolonged increase in ICP may cause a lethal
reduction in CBF. A progressive increase in intracranial
volume may cause obstruction of the CSF pathways,
eliminating the primary means of buffering increased ICP.
In addition, increased ICP may cause venous outflow
obstruction and compensatory arterial hypertension. As a
consequence, capillary pressure increases, predisposing the
brain to cerebral edema. The end result is a further increase
in intracranial volume that ultimately may precipitate
herniation of brain structures and a reduction in CBF.
As mentioned earlier, the brain requires constant and
consistent delivery of blood flow to meet its high metabolic
demands. The determinants of CBF are arteriolar radius,
blood viscosity, perfusion pressure, and length of the
vascular bed. Practically speaking, the length of the vascular
bed and blood viscosity remain constant. Therefore the
important variables of CBF are cerebral perfusion pressure
and arteriolar radius.
Cerebral Perfusion Pressure. Cerebral perfusion
pressure (CPP) represents the pressure drop between the
inflow (arterial) pressure and outflow (venous) pressure.
Traystman 8 identified three separate conditions that require
consideration (Fig. 10-14). In condition I, the ICP is greater
than the mean arterial pressure (MAP), and both are greater
than the central venous pressure (CVP). When these
conditions are present, CBF is impossible. In condition II,
the MAP is greater than the ICP, and both are greater than
the CVP. Here, the CPP is calculated as MAP minus the
ICP. In condition III, the MAP is greater than the CVP,
and both are greater than the ICP. Here, the CPP is
calculated as MAP minus the CVP. Clinically, the
CPP = MAP-ICP unless the CVP is significantly elevated;
then the CPP = MAP-CVP. Because it is possible to have
a normal ICP but no blood flow (thus no oxygen extraction)
through damaged areas of the brain, some research centers
trend cross-brain oxygen consumption and metabolic rates
with ICP and CPP.
Normal CPP is unknown in the pediatric population, but
it is thought that a CPP greater than 50 mmHg is necessary
for adequate cerebral perfusion. CPPs less than 40 mmHg,
because of cerebral hypertension or systemic hypotension,
are thought to be the cutoff point between good-quality
survival and poor outcomes. This critical point is much less
in the neonate. In this age group, normal CPP is thought to
depend on weight and be about 30 mmHg. 9

II

MAP>ICP>CVP

CPP=MAP-ICP

III

MAP>CVP>ICP

CPP=MAP-CVP

Fig. 10-14 Three separate conditions that require evaluation
when calculating cerebral perfusion pressure. CV?, Central venous
pressure; IC?, intracranial pressure; MAp, mean arterial pressure; Pa, arterial pressure; Pcs/. cerebrospinal fluid pressure;
PCI'. central venous pressure; Q, flow. (Adapted from Monillaro
NA: The physiology and pharmacology of the microcirculation,
New York, 1983, Academic Press, pp 237-238.)

Cerebral Autoregulation. Normally, CBF matches
the cerebral metabolic rate (CMR). For example, when the
CMR increases, there is a concomitant increase in CBF;
when CMR decreases, there is a concomitant decrease in
CBF. This compensatory process, known as autoregulation,
matches CBF with CMR and is accomplished by either
cerebral vasoconstriction or vasodilation. This mechanism is
believed to occur from a myogenic mechanism located in
the muscular arterioles. 10 Changes in arteriolar transmural
pressure produce changes in arteriolar radius by vasoconstriction or vasodilation.
Under normal circumstances, autoregulation is maintained when the CPP ranges from approximately 60 to 160
mmHg. 11 If these limits are exceeded, CBF is passively
dependent on CPP. The upper limit of CPP may be higher in
individuals with chronic hypertension. Furthermore, autoregulation may be altered locally or globally with CNS
insult. If CBF is greater than the CMR, hyperemia occurs,
which is a common finding after pediatric head trauma.
When CBF is less than the CMR, cerebral hypoxia ensues,
which is a common finding during pediatric resuscitation.
Chemical Regulation. In addition to pressure autoregulation, CBF is also affected by chemical autoregulation.
Both Pacoz and Paoz affect CBF and cerebral blood volume
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by altering cerebral arteriolar radius. High levels of Pae0 2
cause vasodilation of the cerebral vasculature with an
increase in CBF and therefore an increase in cerebral blood
volume. Conversely, a decrease in Pae02 produces a
decrease in CBE Thus lowering Paco2 with hyperventilation
is a clinically useful tool for emergent management of
intracranial hypertension.
In contrast to Paco 2, the cerebral vasculature seems to be
somewhat less sensitive to Pa02. Hypoxia, Pa02 less than
50 mmHg, increases CBF by producing a vasodilatory
response. Conversely, hyperoxia produces a mild vasoconstrictive response with only a modest decrease in CBE The
critical lower limit of Pa02 that causes a increase in CBF
may be lower in the neonate. 8 Newborns are relatively
hypoxic (normal Pa02 range of 65 to 70 mmHg) compared
with infants and young children, and the actual delivery of
oxygen to the tissues is affected by the percentage of fetal
hemoglobin. '2

NEUROLOGIC ASSESSMENT
CNS development is incomplete at birth, maturing over the
first several years of life. Maturation reflects myelinization,
dendritic arborization, increases in synaptic connections,
increases in glial cell population, and changes in neurochemical properties. As a result, the infant has incomplete
cortical integrative function and has immature neuromuscular control. Therefore neurologic assessment of the infant
and young child requires a developmental approach that
reflects the age and temperament of the child.
The neurologic examination not only requires developmental adaptation, but the condition of the patient must be
considered. Consequently, the focus of the examination
occurs on two levels. The first level involves a comprehensive assessment of both the central and peripheral nervous
systems. It is usually performed in an outpatient or nonacute
setting and is intended to diagnose or rule out neurologic
dysfunction. The second level of a neurologic examination
is usually performed in an acute care setting. It is conducted
at prescribed intervals and focuses on significant deterioration (often life threatening) or improvement of the nervous
system. The following section describes the components of
neurologic assessment in the infant and young child. The
critical care nurse is challenged with adapting these
components to the age, temperament, and condition of
the child.

History
The neurologic history provides the framework for guiding
the neurologic examination. The data obtained from the
history assist the critical care nurse in formulating preliminary nursing diagnoses that are either supported or rejected
by the physical examination. The length of the interview, the
specific questions, and the tinting depend on whether the
child has a static, a progressive, or an acute condition.
Taking of history may need to be delayed if the parents are
not present and the child is preverbal or if the child's
physical status is life threatening.
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The first component of the neurologic history is the chief
complaint. Whenever possible, the school-age child should
be asked questions directly. Preschool children are less
reliable and, like the preverbal child, often require their
parents to describe the problem.
Once the chief problem has been stated, questions are
asked to obtain information leading up to the present illness.
Questions should be formulated so that the nurse can
determine whether the patient's condition is progressive or
static, focal or generalized, and acute or insidious.
Specific questions that must be addressed regarding the
patient's history depend in part on the patient's age and
present illness. For the infant and young child, a summary of
the antenatal, perinatal, and postnatal courses should be
obtained. This includes but does not exhaust questions
regarding maternal infections, drug intake during pregnancy, gestational age, and Apgar scores. A history of
meconium staining, neonatal seizure activity, or oxygen use
necessitates further investigation. Medical history should
also include a chronologie list of the child's developmental
milestones, which is then compared against established
norms (see Chapter 2).
For the older child who was previously healthy, questions
should be asked to differentiate between metabolic and
structural causes of neurologic dysfunction. For example,
has the child had a recent fall or been exposed to chemical
toxins, or does he or she have an endocrine disorder such as
diabetes?
The family history should include questions regarding
neurologic illnesses in family members, as well as specific
signs and symptoms that may have a neurologic basis.
Most neurodegenerative disorders are transmitted as a
recessive gene, and some epilepsies are transmitted as a
dominant trail. 13

Physical Examination
For the awake, stable chi ld, vital signs, height, and weight
should be measured. The general appearance of the child
should be observed-in particular, dysmorphic features,
asymmetries, cutaneous lesions (e.g., cafe au lait spots,
angiomas), condition of scalp and hair, palmar creases, and
unusual odors.
Skull Examination. For infants, the neurologic assessment includes a skull examination. Head circumference
should be measured on admission and repeated at regular
intervals as determined by the patient's condition. The
largest circumference (occipitofrontal) should be consistently measured and plotted on a head growth chart. Because
head growth reflects brain growth, a significantly small head
circumference may indicate impaired brain growth. In
contrast, an unusually large head may be a manifestation of
hydrocephalus or some other abnormal fluid accumulation
or tissue growth. The nonnal rate of head growth in the first
12 months of Ii fe is 2 cm per month for the first 3 months,
1 cm per month for the fourth through sixth months, and
0.5 em per month for the remaining 6 months. 14
The cranial sutures and associated fontanelles should be
palpated gently. The posterior fontanelle usually closes
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within the first few months of life, and the anterior fontanelle remains open until approximately 12 to 18 months of
life. In a U. S. study,IS the average diameter of the anterior
fontanelle at birth was found to be 2.1 cm. However, an
unusually small or large fontanelle may not, by itself, reflect
an abnormality in the infant. Its presence should be correlated with other clinical findings. Ideally, the fontanelle
should be palpated while the infant is sining upright and in a
quiet state. Normally, the fontanelle feels soft and flat or
slightly depressed compared with the surrounding skull.
The cranial sutures should be palpated to determine if
they are overriding or widely separated. Overriding sutures
from head molding in the birth canal may be a normal
finding in the newborn. However, it may also represent
premature closure of the sutures (craniosynostosis) or
inadequate brain growth. Widely separated sutures may
suggest hydrocephalus.
Transillumination is a simple, noninvasive technique
used to detect abnormal fluid collection within the scalp and
beneath the calvaria. Its use is restricted to the first 9 to
12 months of age because of the thickness of the skull
beyond this age. Many commercial instruments are available, but a battery flashlight with a rubber adapter (fits close
to the skull) is very reliable. The light source is placed on the
infant's skull, usually starting at the anterior fontanelle. In
the normal full-term newborn, the frontal area has a larger
rim of transillumination (as much as 3 cm) compared with
the occipital area. 16 An area of increased or asymmetric
transillumination should be noted.
If time and the patient's condition permit, the calvaria
should be auscultated for bruits. Although the presence of a
bruit in young infants may be normal, a particularly loud or
asymmetric bruit may be heard with an intracranial vascular
malformation. An extreme downward rotation of the eyes at
rest and paralysis of upward gaze are known as the
"setting-sun" sign. It may be intermittent and is seen in
some children with increased ICP. It is a common clinical
characteristic of hydrocephalus. A similar appearance may
be seen with abnormal retraction of the upper eyelids
(Collier's sign) from lesions affecting the costal midbrain
and third ventricle. When the cranial sutures are separated
because of increased ICP, Macewen's sign or a "cracked
pot" sound maybe heard during percussion of the skull.
Level of Consciousness. Consciousness is a state of
awareness of self and environment. There are two physiologic components of consciousness: content and arousal.
Content is controlled by cerebral function, and arousal is
controlled by physiologic mechanisms that originate in the
reticular formation. Dysfunction of the cerebral hemispheres
or the reticular activating system (RAS) of the upper
brainstem, hypothalamus, and thalamus will produce an
alteration in consciousness. 17 Altered states of consciousness are on a continuum ranging from the extremes of
complete consciousness to coma. For the patient with
minimal alteration in consciousness, mental status is assessed. For more severely altered states, coma scales may be
required to assess level of consciousness.
Mental Status. Cortical growth occurs both quantitatively and qualitatively within the first 2 years of life.

Consequently, the mental status (cerebral function) portion of the neurologic examination is individualized according to the infant and young child's age. Specific areas
to assess in the infant and young child include alertness
and level of activity, quality of cry, feeding patterns,
language development, and presence or absence of primitive
reflexes.
Ideally, the young infant's state of alertness is assessed
during a period when stress is at a minimum. Usual patterns
of sleep and wakefulness are assessed and evaluated based
on the infant's age, nutritional state, and quality of sleep
within the previous 24 hours. In general, extreme states of
agitation or lethargy are noted.
Normally, the infant's cry is loud and energetic. Abnormal cries include ones that are difficult to elicit, associated with cyanosis, high pitched, weak, monotonous, or
moaning. IS
Normal feeding behavior includes a strong suck and good
suck-swallowing coordination. Therefore if the young child
cannot finish a bottle without tiring or becomes cyanotic, or
if the child has excessive gagging and choking, these
reactions should be noted.
Normal speech and language skills develop over several
years. These skills depend on normal development of motor
control of the oral musculature. Therefore if the child
deviates significantly from established norms, the gag reflex
and tongue movements are tested for coordination and
strength.
In the older awake child, a comprehensive evaluation of
mental status includes attention, alertness, orientation,
cognition, memory, affect, and perception. Most of the
assessment can take place during normal conversation with
the child. Care should be taken when determining which
questions to ask the child. Questions are individualized
according to the child's age and temperament.
Motor Function. Assessment of motor function is
adapted to the age of the child. A variety of primiti ve
reflexes are normally present in the infant, and determining
their presence or absence is an important component of the
neurologic examination. The disappearance of primitive
reflexes reflects increasing maturation of the cortex. As
myelinization progresses, higher cortical centers become
functional and gradually suppress these reflexes. Abnormal
findings include the persistence of a primitive reflex
significantly beyond the normal time of disappearance or the
reappearance of a primitive reflex.
Normal motor development proceeds cephalocaudally
and proximodistally. Early in life, movements are more
generalized and reflexive. Fine motor control follows
development of gross motor control. The infant's extremities are assessed for muscle symmetry, mass, and tone.
When examining the young infant, the head is maintained in
a midline position to prevent an asymmetric tonic neck
reflex. In infants less than 3 months of age, increased flexor
tone is normal. 19 The newborn's hands are usually closed;
however, they may open and close spontaneously while
sleeping or when very quiet. Hands that are always closed
after 2 months of age represent an abnormal finding, which
is correlated with other neurologic findings to determine its
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significance.! R Definite hand dominance is usually not
present until the second or third year of life. Hand
preference in infants younger than 24 months may indicate
weakness or spasticity of the other hand 20
Reflexes
Deep Tendon Reflexes. Testing deep tendon reflexes
helps to evaluate both the lower motor neurons and the
motor and sensory fibers within a particular spinal level. In
the older child, deep tendon reflexes are readily tested and
graded narratively or by using a stick figure. The most
common reflexes examined are the biceps, triceps, brachioradialis, patellar, and Achilles reflex. Hyperreflexia may
indicate corticospinal dysfunction or may be a response
from an abnormal "spread" of responses, that is, abnormal
contraction of muscle groups that usually do not contract
when a reflex is being tested? I Hyporeflexia may be seen
with lower motor unit dysfunction.
In infants, some deep tendon responses are not present at
birth and when present are less reliable because of the
immaturity of its corticospinal tracts. In general, responses
in the infant that require further investigation include
reflexes that are very brisk, are asymmetric, or deviate from
previous assessments. 19,20 Ankle clonus is often present in
the newborn period, but it is rarely sustained and usually
disappears by 2 months of age.
Superficial Reflexes. A positive Babinski reflex, that
is, dorsiflexion of the foot and fanning of the toes after
stroking the sole laterally from heel to toe, is normally
present in the infant. This response disappears in the second
year of life at approximately 18 to 24 months of age.
Persistence or reoccurrence of this response is pathologic,
indicative of dysfunction of the corticospinal tracts or the
motor area of the cerebrum. Abdominal and cremasteric
responses are present at birth. The abdominal response is
elicited by stroking the abdomen from a lateral position
moving to the umbilicus in all four quadrants. A normal
response is slight muscle contraction and movement of the
umbilicus toward the stimulus. The cremasteric response is
elicited in males by stroking downward on the inner aspects
of the upper thigh. The scrotum should contract and elevate.
Unilateral absence of the abdominal response and absence
or asymmetry of the cremasteric response may indicate
corticospinal dysfunction.
Sensory Function. Responses to sensory testing in
the infant are more variable and less reliable than in the
older child. However, the infant should respond to light
stroking of the extremities. With normal sensory function,
the infant will usually withdraw the limb being tested.
Vibration sense may be tested by placing a tuning fork over
bony areas. In response, the infant will usually stop all
movement and display a look of surprise. Proprioception
cannot be tested at this age. Pain sensation is tested at the
end of the examination by nail bed pressure.
In the older child, sensory function can be tested in the
usual fashion. For initial screening, light touch and superficial pain are tested in all four extremities. If abnormalities
are suspected or detected, more thorough segmental sensory
testing is indicated, including temperature, vibration, pres-
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sure, and position sensations. Fig. 10-15 is a drawing of
segmental sensory innervation of the body.
Cerebellar Function. Cerebellar function of the older
child and adolescent can be evaluated in much the same way
as in the adult. Rapid alternating movements, as well as
finger-to-nose, finger-to-finger, and heel-shin testing, is
possible. Maneuvers to evaluate the young child and infant
are less precise. Much information can be obtained by
observing the young child in play, noting tremors, dysmetria, and truncal swaying. Once again, familiarity with
age-dependent motor skills when determining the adequacy
in which a child performs a maneuver is important.
Cranial Nerve Function. With the exception of the
olfactory nerve, all of the cranial nerves originate in the
brainstem. An evaluation of their function provides valuable
diagnostic evaluative information about the child's neurologic status. The specific cranial nerves that should be tested
and the order in which they are tested depend on the age and
condition of the child. A complete cranial nerve assessment
is usually not needed for routine screening. Table 10-4 lists
the 12 cranial nerves, how they are tested according to age,
and the clinical significance of abnormal findings.
Funduscopic Examination. Normally, the funduscopic examination reveals a red reflex that is orange-red
and fairly uniform in color, a creamy pink optic disc with an
indented center (physiologic depression) and smooth margins, and veins (slightly wider than arteries) that have no
light reflex and manifest slight pulsations. Papilledema,
represented as blurring of the nasal and upper edges of the
optic elisc, is commonly seen with increased ICP in the older
child. Papilledema is an unusual finding during infancy
because the cranial sutures usually spread and the head
enlarges in response to chronic increases in ICP. Retinal
hemorrhages may be present with significant head injury
and subarachnoid hemorrhage (commonly associated with
"shaken baby syndrome" in child abuse). Decreased
peripheral retinal vascularity is seen in infants with retrolental fibroplasia.

Assessment of the Neurologically
Impaired Child
The child with an altered level of arousal requires frequent
clinical assessment of neurologic function. Patterns of
pathophysiologic responses and their evolution provide
valuable information about the location, extent, and progression of neurologic dysfunction. Five assessment parameters are critical to the neurologic evaluation: level of
consciousness, motor function, respiratory patterns, cranial
nerve response, and vital signs. The neurologic assessment
of the child begins with assessment of level of consciousness. Cerebral hemispheric function is determined by
assessing motor function. As neurologic dysfunction
progresses caudally, characteristic respiratory patterns may
occur. In late stages with lower brainstem dysfunction,
abnormal cranial nerve responses occur, followed by abnormal vital signs.
Level of Consciousness. Consciousness is described
as the state of awareness of self and environment. 17 Level of
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Fig. 10·15 Radicular cutaneous fields. (From Swaiman KF: Neurologic examination of the older child.
In Swaiman KF, Ashwal S, eds: Pediatric neurology: principles and practice, ed 3, St Louis, 1999, Mosby,
pp 14-30.)
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Reduced wakefulness: reduced attention,
confused, drowsiness alternating with
hyperexcitability
Disorientation, fear, irritability, visual
hallucinations, agitation; patients
may be loud, offensive. and
suspicious
Mild to moderate reduction in alertness.
reduced interest in environment, increased periods of sleep
Unresponsive except to vigorous and
repeated stimuli
No motor or verbal response to
environment

-lDala from Plum F, Posner JB, The diagnosis o/stupor and collla. ed 3,
1iI.;.iladelphia, 1982. FA Davis.

consciousness is the most important initial assessment and it
is fundamental to understanding higher cortical functioning.
All neurologic findings must be interpreted based on state of
consciousness and awareness. Accurate and consistent
assessment of level of consciousness can indicate if the
patient's condition is improving, deteriorating, or remaining
static. There is a range of altered states of consciousness and
a number of ways to label and define these states. Table 10-6
defines commonly used terms to describe various states of
consciousness. More important than labels are the patient's
actual behaviors and responses.
Numerous coma scales have been developed, most
notably the Glasgow coma scale (GCS; Table 10-7).
Originally developed as a prognostic tool for patients with
head injury, the GCS also helps to identify the depth of coma
by standardizing assessments. 22 It allows serial reassessment that reflects the patient's condition at a specific point
in time. Despite its widespread application, the GCS has
limited use with preverbal infants and intubated patients. As
a result, a number of modifications have been developed.
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Tables 10-8 and 10-9 are examples of coma scales adapted
for infants and neonates.
The GCS yields a score of 3 to 15 based on the best
response to stimuli in three categories: eye opening, verbal
response, and motor response, When using a stimulus to
assess level of consciousness, the least noxious stimuli is
used first. For example, start with a voice stimulus, then
progress to touch; if the patient is still unresponsive, apply a
painful stimulus. Care is taken to avoid harming the patient,
especially when coagulation factors are abnormal. Nail bed
pressure is a reliable stimulus because it can be consistently
reproduced by numerous individuals. The exact stimulus
that provides a minimal response is documented so that
progression of neurologic defects can be easily identified.
Careful assessment is necessary to differentiate between appropriate withdrawal to stimuli, which involves cortical activity, and a spinal cord stretch reflex, which does not.
Motor Function. In addition to assessing motor
response with the GCS, motor function is also evaluated in
terms of symmetry of re<;ponse and the presence of pathologic signs. Normally, posture is controlled by the interaction between higher inhibiting brain centers and lower exciting brain centers. In the comatose patient, some degree of
cortical control over motor function may be lost, allowing
primitive postural reflexes to emerge. Spontaneous motor
movement may occur in the unconscious patient. Localization represents movement of an extremity across the midline
of the body toward the opposite extremity receiving a pain-
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ful stimulus. In the comatose patient, both localization and
spontaneous movement are favorable prognostic signs.
When there is severe dysfunction of the cortex and
subcortical white matter and preservation of the brainstem,
decorticate posturing emerges. Typically, decorticate posturing includes flexion of the upper extremities and extension
of the lower extremities. Decerebrate posturing represents
dysfunction of the cortex and brainstem at the level of the
pons. It is manifested by extension of the upper and lower
extremities with rigidity. No motor response to noxious
stimuli (bilateral flaccidity) in all four extremities is an ominous sign and is one criterion for brain death determination.
Care must be taken to rule out other causes of flaccidity,
such as stroke or spinal cord injury. Fig. 10-16 schematically
illustrates decorticate and decerebrate posturing.
Respiratory Patterns. Alteration in respiratory pattern is an early and reliable sign of neurologic dysfunction.
Breathing is primarily regulated by metabolism in the
so-called respiratory centers of the brainstem and by behavior in the forebrain. The presence of two major breathing
centers at different levels of the brain sometimes produces
characteristic breathing patterns that reflect the location of
the neuropathology. Table 10-10 describes the most common pathologic respiratory patterns and their neuropathologic location. 17 Even though the presence of characteristic
breathing patterns is well described, overlap in patterns may
occur, or patterns may change very rapidly. The most ominous breathing pattern is one that is irregular and slow progressing to apnea (ataxic).
Cranial Nerve Response
Pupil Size and Reactivity. Pupillary size and reactivity are regulated by the autonomic nervous system, an
intact afferent connection of CN II and CN III nucleus.
Pupillary size changes almost continuously because of the
interaction of parasympathetic and sympathetic fibers.
Stimulation of parasympathetic fibers causes the pupil to
constrict (miosis), and stimulation of sympathetic fibers
causes the pupil to dilate (mydriasis). Because the brainstem
contains adjacent areas that control both pupillary reactivity

and arousal, testing pupillary response provides valuable
information regarding the presence and location of brainstem dysfunction producing coma. Fig. 10-17 illustrates
autonomic and cranial nerve control of pupillary response.
Both pupils should first be observed and the exact size
noted. The usual range in size varies between 2 and 6 mm.
The size of the pupil changes with age, being the smallest
during infancy and the largest during adolescence.2 3 •24 Most

10-10 Pathologic Respiratory
Patterns and Their Neuropathologic
Location

TABLE

Location

Description

Bilateral
Hemispheric
Diencephalon

Periodic breathing;
phases of hyperpnea alternating
with apnea
Sustained, rapid,
and deep
hyperpnea
Prolonged inspiration with a
pause at full
inspiration
Irregular pattern;
deep and
shallow breaths
occur randomly

Rostral
Brainstem
Tegmentum
Mid- or caudalpontine level

Medulla

Hypothalamus

Oculomotor
nucleus

A

B

Fig.10·16 Pathologic posturing occurring in severe brain injury.
A, Extension posturing (decerebrate rigidity). B, Abnormal flexion
(decorticate rigidity). (From Betz CL, Hunsberger M. Wright S:
Family-centered nursing care ofchildren, ed 2, Philadelphia, 1994,
WB Saunders, p 1726.)

Fig. 10-17 Pupillary responses to light stimulation in differentiating ocular or optic nerve disease from oculomotor nerve
dysfunction. (From Vannucci RC, Young RSK: Diagnosis and
management of coma in children. In Pellock JM, Myer EC, eds:
Neurological emergencies in in/alliS and children. Philadelphia,
1984, Harper & Row.)
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children have equal-sized pupils, but a I-mm discrepancy
between pupils (anisocoria) may be normal (i.e., for patients
with a known discrepancy). Extremely small pupils may
indicate opiate effects, pontine hemorrhage, metabolic
encephalopathy, or lower brainstem compression. Pupils
that are widely dilated and unresponsive result from CN III
compression commonly seen with transtentorial herniation
or from the midbrain lesion in the area of the EdingerWestphal nucleus. 23 The acute appearance of this pupillary
finding is an ominous and late sign requiring immediate
attention. Other common causes of dilated and unreactive
pupils include severe hypothermia, anoxia, ischemia, and
ingestion of atropine-like substances.
After observing the pupils for size and equality, reactivity
to light is tested. To test the pupils' reaction to direct light,
use a light with a narrow, bright beam. Test each eye independently by covering or closing one eye while testing the
other. Approach the eye from the periphery to avoid constriction of the pupil by accommodation. Once the eye is
exposed to the direct light, the pupil should constrict briskly.
Document the pupils' response and grade how briskly the
pupil constricts using consistent labels or a numerical scale.
For example, "both pupils are 3 mm in size and react to light
briskly."
Consensual or indirect light response refers to the
pupillary constriction that occurs in the eye opposite the eye
being stimulated with light. The normal consensual pupillary response represents transmission of light to the brainstem where the Edinger-Westphal nucleus activates the
parasympathetic efferent fibers of both pupils 23 Abnormalities in the direct light response or the consensual response
can help determine whether damage has occurred to the
optic nerve (CN II) or to the oculomotor nerve (CN III).
Ocular Movements. Eye movements are controlled
by both voluntary cerebral hemispheric centers and involuntary control centers in the brainstem. These areas interact
with three paired cranial nerves (III, IV, and VI) that
innervate the extraocular muscles that control ocular movement (Fig. 10-18). Normally, the eyes move together
synchronously, that is, conjugate eye movements.
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Abnormal eye movements include nystagmus, dysconjugate eye movements, and extraocular palsies. Nystagmus
refers to a repetitive, involuntary oscillation of one or both
eyes. The usual planes of nystagmus are horizontal, vertical,
and rotary. Horizontal nystagmus is seen normally with
extreme lateral gaze, with the use of certain drugs (e.g.,
anticonvulsants, barbiturates, alcohol), and sometimes with
cerebellar dysfunction. 25 •26
Conjugate eye movement is controlled by several different areas of the brain: frontal gaze center, occipital gaze
center, and medial longitudinal fasciculus (MLF). Thus
damage to several parts of the brain can cause dysconjugate
eye movements.
Extraocular palsies of cranial nerves III, IV, and VI can
also cause abnormal eye movements. However, their presence is less precise in identifying a specific area of
brainstem dysfunction because they may also result from
increased lep.
Owlocephalic Response (Fig. 10-19, A). In the
comatose patient, the integrity of the brainstem can also be
assessed by testing the oculocephalic response (doll's eye
maneuver). This maneuver determines the integrity of
cranial nerves III, VI, and Vlll. It can onl y be performed
in the unconscious patient or in an infant younger than
2 months of age 27 After clearing the cervical spine for
injury, the test is performed by briskly turning the head from
side to side. With an intact brainstem, the eyes will deviate
to the opposite side the head is turned and then slowly turn
in the direction the head is rotated. 28 With severe brainstem
injury, the patient's eyes remain midpositioned or fixed
while the head is turned.
Owlovestibular Response (see Fig. 12-19, B).
Like the oculocephalic response, the oculovestibular response (cold calorics) can be used to assess the integrity of
the brainstern. This test is performed by first elevating the
head of the bed 30 degrees, confirming an intact tympanic
membrane and dura, and removing cerumen from the
external canal. The reflex is elicited by injecting water
(usually 30° C) into the external canal. With an intact
brainstem in the unconscious patient, there is slow conjugate
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Fig. 10-18 Three paired cranial nerves-III, IV, and Vl-<:ontrol ocular movement. Cranial nerve VII
closes the eyelid; cranial nerve III elevates the eyelid. (Modified from Goldberg: Clinical neuroanatomy
made ridiculously simple, Miami, 1995, MedMaster.)
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A, Oculocephalic response. Band C, Oculovestibular response.

movement of the eyes toward the stimulus followed by fast
return to the midline. A patient with a low brainstem lesion
would have eyes that remain at midposition and fixed.
Vital Signs. Changes in vital signs, indicative of
brainstem dysfunction, occur before cardiopulmonary arrest. Cushing's triad includes the classic signs of increased
systolic pressure, widened pulse pressure, and bradycardia.

Neurologic Assessment of the Chemically
Paralyzed Child
Neuromuscular blocking agents are commonly used as adjunctive therapy in critically ill infants and children. These
agents cause skeletal muscle relaxation by altering the response of acetylcholine at the neuromuscular junction?9
After an appropriate dose of a neuromuscular agent is injected, the onset of effects is rapid. Motor weakness
progresses to flaccid paralysis in the following sequence:
eyes and fingers; limbs, neck, and trunk; intercostal

muscles; and, finally, the diaphragm. Recovery of muscles
occurs in the reverse order. The most common indications
for use in children are to (I) improve controlled ventilation,
(2) stabilize or maintain ICP, and (3) decrease oxygen
consumption.
Despite the advantages of neuromuscular blocking
agents, their use precludes most of the neurologic assessment. Because peripheral skeletal muscle paralysis is
present, the patient will be unable to respond to commands
and is unresponsive to standard tests of motor function,
reflexes, and sensation. However, because these agents are
unable to cross the blood-brain barrier, consciollsness and
normal sleep-wake cycles are preserved. These patients are
able to hear and feel pain. Consequently, sedatives and
analgesics are always administered concurrently. Pupillary
reflexes can be tested, and abnormal responses indicate the
same clinical significance as in the nonparalyzed patient.
Normal oculovestibular and oculocephalic responses are
blocked with neuromuscular blocking agents.
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Autonomic function is preserved; thus changes in vital
signs can be used to assess the patient's responsiveness. An
increase in the baseline heart rate may indicate the patient is
responding to parents or experiencing pain, anxiety, or a
seizure. Pain or anxiety is usually accompanied by a
sympathetic response with diaphoresis (sweaty brow). The
only clue of a seizure may be an abrupt increase in heart rate
and blood pressure. An electroencephalogram (EEG) is used
to determine cerebral electrical activity.
If the patient's condition permits, intennittent withdrawal
or reversal of the agent allows determination of the
neurologic status. Recovery from neuromuscular blockade
may be prolonged because of certain physiologic states or
concurrent administration with other medications. More
precise monitoring of neuromuscular activity, as well as
confirmation of patient flaccidity, may be determined by a
peripheral nerve stimulator (see Chapter 8)29

NEUROLOGIC INTENSIVE
CARE MONITORING
Caring for the pediatric patient at risk for neurologic deterioration is uniquely challenging. The collaborative goal is to
preserve cerebral functioning. Although clinical examination provides invaluable information, it is often lost in the
critically ill child. Bedside neurologic monitoring augments
the clinical examination and provides continuous insight
into the CNS environment. The following section focuses on
major monitoring modalities, presenting general principles,
current devices, and essential elements of nursing care.

INTRACRANIAL PRESSURE MONITORING
Only when the ICP is known can therapy to manage cerebral
hypertension be rationally directed. rcp monitoring is
considered in comatose patients with a known potential for
developing intracranial hypertension. ICP monitoring has
several clinical benefits. First, it assists in the detection of
increasing rcp and compromised CPP before changes seen
in the neurologic examination. This is especially true when
the neurologic examination is diminished by therapy, such
as administration of anesthetics or chemical paralysis.
Second, it assists clinical evaluation of intracranial compliance, for example, VIP response testing. Third, rcp monitoring evaluates the effectiveness of therapeutic interventions. Finally, it provides prognostic data of the patient's
clinical status.
Knowledge of ICP and CPP allows precise titration of
therapy intended to prevent secondary neurologic injury
from cerebral ischemia or herniation. Successful control of
ICP and CPP after hypoxic-encephalopathic injury does not
ensure intact neurologic survival. Sustained late increases in
ICP indicate a profound primary neurologic insult. 30 ICP
monitoring in this patient population is used more for
prognostication than to avert further neurologic injury31.32
Although an ICP greater than 15 indicates reduced
adaptive capacity, a normal ICP does not reliably reflect
normal intracranial compliance or adequate adaptive capacity. To determine intracranial compliance or identify the
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patient on the VIP curve, direct or indirect VIP response
testing is helpful.
With direct compliance testing, an intensivist injects 0.1
to I ml of sterile normal saline without preservative into an
intraventricular catheter (IVC) and notes the resultant
change in ICP. Although unreliable with enlarged ventricles,
the value derived is the ratio of change in lCP to the amount
of volume introduced. Miller13 noted that reduced cerebral
adaptive capacity was present when an injection of approximately 7% of the intracranial volume into an IVC caused a
increase in the mean rcp of greater than 4 mmHg/ml.
Similar information can be obtained by removing CSF.
Currently, indirect methods of testing intracranial compliance are more common because of the potential risks of
adding volume into a tight intracranial compartment and
infection related to opening the system.
Indirect compliance testing involves trending the patient's response to procedures known to increase ICP. All
nursing interventions to some extent affect lCP in the patient
with reduced adaptive capacity. A significant response is
defined as a 10-mmHg increase in ICP lasting more than 3
minutes. The intensivist may also elect to apply unilateral or
bilateral internal jugular compression or abdominal pressure
to provide a rapidly reversible unquantified volume challenge to the intracranial space.

ICP Monitoring Systems
rcp monitoring has evolved over the last three decades.
Pioneered in the 1970s, fluid-coupled systems first became
available for patient use 34 Approximately 10 years later,
fiberoptic-tipped catheters were introduced, followed by
microsensor-tipped catheters in the I990s. Depending on the
system, a variety of intra- and extracranial locations can be
monitored. Although technologic improvements in rcp
monitoring have been made, all of the monitoring systems
have advantages and disadvantages. The ideal ICP monitoring system is accurate and reliable, free of complications,
and inexpensive.
Fluid-coupled systems are similar to traditional hemodynamic monitoring systems but do not contain a slow
continuous-infusion device. They have an external straingauge transducer that is coupled to the patient's intracranial space via a fluid-filled line. IVCs have traditionally
been the gold standard for ICP monitoring because they are
reliable and accurate, relatively inexpensive, and can be
recalibrated.
Disadvantages of fluid-coupled systems include obstruction of the catheter tip with tissue or blood and inaccuracies
in readings resulting from system problems with fluid-filled
tubing (e.g., air bubbles, kinks, and loose connections). In
addition, CSF fluid drainage and rcp monitoring cannot
occur simultaneously. Furthermore, the external transducer
must be maintained at a fixed reference point. Typically, this
reference point is institution specific, determined by the
preference of the neurosurgical team, that is, at the head
(lateral ventricle) or at the heart (right atrium). The lateral
ventricle is approximated by positioning the transducer at
the level of external auditory meatus or at the top of a
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triangle fonned by the external auditory meatus, the outer
canthus of the eye, and behind the hairline. Positioning the
transducer at the fourth intercostal space at the midaxillary
line approximates the right atrium. Regarding the reference
point that is chosen, it must be consistently used, and the
monitored data must be used as trend data and not as
independent decision points. Consistency in readings can be
enhanced if the ICP transducer, when referenced to the head,
is attached to the head dressing or secured to an arm board
resting on the patient's shoulder. The combination of
disadvantages and significant improvements in other ICP
monitoring technology has all but eliminated fluid-coupled
systems in many centers.
Fiberoptic systems use catheters that are light-sending
and light-receiving systems that respond to the movemelll of
a mirror-diaphragm located at the tip. Light is analyzed by
a microcomputer and converted to an analog signal that
displays the mean ICP. The Camino fiberoptic system
(Camino Laboratories, San Diego, Calif.) has been available
since the 1980s and is widely used in most institutions. It
consists of a disposable 4 Fr catheter with a miniaturized
fiberoptic transducer at the tip (Fig. 10-20). The portable
Camino monitor interfaces with a conventional monitoring
system for wavefonn display. The Camino catheter can be
placed at any number of locations: intraventricular, intraparenchymal, SUbarachnoid, epidural, or the fontanelle.
Unlike fluid-coupled systems, the Camino catheter allows
direct intraparenchymal monitoring, providing extremely
clear recordings of ICP waveforms 35
Like all ICP monitoring systems, advantages and disadvantages exist and vary according to fiberoptic placement.
Fiberoptic systems eliminate the need for a fluid path, which
typically requires frequent intervention that may place the
patient at a higher risk of infection. Because the transducer
is located in the tip of the catheter, there is no concern about
where to level the transducer. Another advantage is that the
fiberoptic catheter slips through the rvc, so CSF can be
drained while also obtaining ICP measurements.
Each Camino catheter is calibrated by the manufacturer
and is not adjustable. Before insertion, the catheter's zero is

matched to the Camino monitor by turning a screw at the
hub of the catheter. Anytime afterward, the Camino
monitor's zero and calibration are matched to the bedside monitor by depressing the "CAL" bulton on the
Camino monitor and simultaneously adjusting tbe bedside
monitor. Once inserted, the catheter cannot be rezeroed;
24-hour drift is reported as less than I mmHg. 36 •37
One disadvantage of fiberoptic catheters is that they
require gentle handling, especially during insertion and
manipulation. Fiberoptic breakage requires replacement at
an increased risk and cost to the patient. 35 .38 The rigid
catheter cannot be tunneled and stands straight up from the
point of insertion, so it must be protected (Fig. 10-2 I).
Another disadvantage is the cost of purchasing an additional
monitor. However, the cost may be justified by the other
advantages of the system and because the monitor is
portable, allowing continuous ICP monitoring during highrisk patient transport.
Catheter-tip strain-gauge catheters were approved for
use in the I990s. The Codman Microsensor ICP system
(Codman, Johnson & Johnson, Raynham, Mass.) is an
example of this type of monitoring system and consists of a
miniature strain-gauge pressure sensor positioned at the tip
of a lOO-cm flexible nylon tube. Like the fiberoptic-tipped
catheter, several locations can be monitored, including
subdural, parenchymal (with or without a bolt), and
intraventricular. The microsensor transducer is also calibrated before insertion, and unlike fluid-coupled systems, if
drift presents, it cannot be corrected. It is used with a
pressure monitor that interfaces with a wide variety of
patient bedside monitors.
Accuracy and stability of this system have been documented when compared with standard ventricular fluid
pressure as measured with an external transducer39 One
study monitored this system for stability and found maximal
drift of I mmHg over 9 days.40 If these results can be
replicated, the rnicrosensor offers a distinct advantage over
other systems.
Similar to the fiberoptic-tipped catheter, the microsensor
transducer can monitor a variety of intracranial locations

Fig. 10-20 Camino fiberoptic system. (Courtesy Camino Laboratories. San Diego, Calif.)

Fig. 10-21

Patient monitoring with a Camino fiberoplic system.
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and can drain CSF while monitoring ICP. It also eliminates
the need for repeated alignment of the transducer to the
patient's head and rezeroing. False readings caused by fluid
tubing obstructions are eliminated. One advantage over
fiberoptic-tipped catheters is that the microsensor transducer
is housed in flexible nylon tubing, which is resistant to
costly breakage and allows tunneling under the scalp.
Assuming replication studies can confirm the reliability and
stability of the microsensor transducer, disadvantages are
few. The major concern is cost, especially if institutions
have made prior investments in other expensive systems.
Intracranial Catheter Locations. As stated previously, ICP monitoring systems can be placed in a variety of
locations. However, the most accurate and reliable locations
for monitoring are the lateral ventricles followed by the
parenchyma. Currently, subarachnoid, subdural, and epidural locations are less reliable and are used less often" J
An intraventricular catheter is a radiopaque catheter
placed within a lateral ventricle for purposes of ICP monitoring, CSF drainage and sampling, intrathecal medication
administration, and direct compliance testing. The IYC
provides high-quality waveforms and is considered the
"gold standard" of ICP monitoring unless error is introduced through the measurement system.
While the patient is under local anesthesia, an IYC is
inserted through a burr hole on the nondominant side at
the intersection of the level of the pupil and external
auditory meatus in the area of the coronal suture. The right
side is usually chosen until hand dominance can be
identified after 3 years of age. During insertion, the head is
steadied; the patient will feel pressure and hear the sound of
the turning drill. The IYC is inserted into the frontal horn of
the lateral ventricle using a stylet. This area is chosen
because it has little or no choroid plexus, which may
obstruct the IYC, and also avoids penetration of vital brain
areas. When the ventricles are compressed or shifted, it may
be difficult to place the lYe. However, collapsed ventricles
are not considered a contraindication to catheter placement
because pressures may be adequately monitored as long as
waveforms remain distinct.
Location is verified when CSF is returned. If fluidcoupled or microsensor transducer systems are used, the
IYC is tunneled 2 to 3 cm under the scalp and brought out
through a separate incision. The separate incision allows the
natural defenses of the skin to prevent organisms from
gaining access to the CNS. This level of prote~tion is not
possible with a Camino lYe. The Camino fiberoptic system
is secured directly into the bolt attachment, which is
screwed into the skull.
Controlled CSF Venting. A distinct advantage of
IYCs is a reduction of CSF volume accomplished through
controlled continuous or intermittent CSF drainage. To
avoid ventricular collapse, drainage is accomplished against
a positive pressure gradient of at least 15 mmHg. To
accomplish this, the intraventricular drainage system drip
chamber is placed approximately 27 cm above the reference
point of the external auditory meatus. In this position, CSF
will automatically drain when the ICP is greater than
20 mmHg. (Because mercury is 13.6 times heavier than
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H 20, I mmHg is equal to 1.36 cm H 20.) Care is taken to
avoid the risk of uncontrolled CSF loss with incorrect
stopcock position or drainage position.
Intermittent CSF venting follows preset guidelines that
include (\) the level of ICP at which to initiate drainage,
usually greater than 15 mmHg after nursing measures to
decrease ICP are unsuccessful (see Chapter 20); (2) the
frequency of drainage, usually every hour; (3) the time
interval for drainage, usually 5 minutes; and (4) the maximal
amount of CSF, which depends on CSF production and
degree of obstruction. Some institutions prescribe CSF
drainage at a rate that matches the rate of CSF production.
This is approximately 0.35 ml/min or 21 ml/hr in an
adolescent and 0.30 ml/min or 18 ml/hr in a young child. A
regimen such as this may avoid ventricular collapse with
ICP spikes. Drainage also provides a check for IYC patency.
Because the amount of drainage reflects the degree of
ventricular obstruction, the amount and character of CSF
drainage are trended over time. Care is taken to clamp the
drainage system before changes in the patient's head
position in relation to the drainage device. 42
Intraparenchymal monitoring is possible with
fiberoptic-tipped catheter and microsensor transducer catheter systems. Both systems provide high-fidelity ICP
waveforms that are transmitted through brain tissue. Catheter insertion with the Camino fiberoptic catheter is similar
to that of a subarachnoid bolt. Once the bolt is placed, the
fiberoptic catheter is inserted through the bolt into the brain
parenchyma approximately 0.5 to I cm beyond the surface
of the dura. To prevent kinking or dislocation, the catheter
is looped and attached to the head dressing. With the
Cadman microsensor, two insertion options are available
with parenchymal placement: catheter insertion through a
subarachnoid bolt or catheter tunneling without a bolt.
Intraparenchymal monitoring has replaced fluid-coupled
subarachnoid bolts and epidural monitoring in many centers.
Patient Complications. ICP catheters not only have
technical problems but also potential patient-related complications. The two most commonly cited complications are
infection and intraparenchymal hemorrhage. Although longterm morbidity and mortality are rare complications of ICP
devices, increased costs may be associated with catheter
replacement or additional medical treatment.
Infection. Defining infection associated with ICP
devices varies among studies, depending on the methodology. Some studies define infection as a positive CSF culture,
whereas other studies use a positive culture of the actual ICP
device as their operational definition. Clinically, Mayhall
and colleagues 43 found that CSF pleocytosis was more
significantly related to the diagnosis of ventriculitis or
meningitis than were fever and leukocytosis.
Based on an extensive review of the literature, bacterial
colonization of an ICP device was reported as 5% for IYCs,
5% for subarachnoid bolts. 4% for subdural, and 14% for
43
intraparenchymal catheters. Colonization of ICP devices
increases significantly after 5 days.43A5 Even though there is
a rising risk of colonization the longer an IYC is in place,
Halloway and others found no advantage in prophylactically
exchanging catheters for prolonged monitoring (>5 days).45a
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Despite widely reported colonization of devices, clinically
significant infection is rarely associated with rcp monitoring devices. 35 .46.47 Furthermore, research does not support
using prophylactic antibiotics either systemically, in line, or
at the incisional area.43.48.49
Hemorrhage and Hematoma. Similar to infection,
significant bleeding from rcp monitoring is rare. The
incidence of hematoma with all rcp devices is 1.4%. When
bleeding does occur, parenchymally placed catheters are
the usual cause, with a reported incidence of I % to
5%.35.44.4 7.50.51 Although parenchymal catheters are generally considered safe, alternative monitoring sites are considered in patients with coagulopathies.

ICP Waveform Analysis
rcp waveforms mimic in shape but are of lower amplitude
than the arterial waveform (Fig. 10-22). Respiratory
fluctuations alter the baseline through transference of

P,

Fig. 10·22 ICP wavefonns. (From McQuillan KA: Intracranial
pressure monitoring: technical imperatives, AACN CLin Issues Crit
Care Nul'S 2:623-636, 1991.)
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pressure through the venous system. Waveform clarity
depends on the location of the device and the monitoring
system used. Because of narrow intracranial pulse pressures, rcp is monitored in the mean mode. The scale that
permits adequate waveform definition, usually 20 to
40 mmHg, is used.
The rcp waveform has three or more descending
sawtooth peaks. The first three components are always
present. Additional peaks vary and are thought to be caused
by retrograde venous pulsations. Their clinical significance
has not been established. PI' the percussion wave, is a sharp,
fairly consistent peak generated primarily by the arterial
pulsations of the choroid plexus that are modified by the
viscoelastic properties of the brain. P2 , the rebound or tidal
wave, is variable in shape, ending on the dicrotic notch. P3'
the dicrotic wave, immediately follows the notch, tapering
down to the diastolic portion unless retrograde pulsations
add a few more peaks.
Waveform changes have been associated with decreased
adaptive capacity.52.53 With cerebral vasodilation, the pulse
wave becomes less restrained by the arterioles and is
allowed to pass to the compliant capillaries and veins. Signs
of decreased adaptive capacity include a P 2 equal to or
higher than P t , followed by an increase in the waveform
pulse pressure (Fig. 10-23). rf compliance continues to
decrease, the diastolic component will elevate, and the
waveform will become rounder; then, at higher ICPs, it will
assume a triangular shape.54 Given the predictable, evolving
waveform pattern that indicates decreased intracranial
compliance,55 rapid therapeutic interventions and environmental adjustment should be possible. Additional nursing
research is necessary to confirm this.
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ICP Trend Recordings
In addition to continuous ICP waveform assessment, trend
recordings (25 mm/min) allow detection of baseline elevations over time. They can also correlate ICP with therapeutic
interventions. Last, they can identify Lundberg A, B, and C
waves (Fig. 10-24), which are not true waves but are
graphically displayed ICP waveforms that are trended over
minutes or hours.
A waves or plateau waves are spontaneous, rapid, irregular increases in ICP 50 to 100 mmHg over baseline lasting 5
to 20 minutes per wave, followed by a rapid decrease in ICP.
A waves progress through four phases generated by a complex interaction between systemic arterial pressure, intracranial compliance, and cerebrovascular autoregulation. 56 The
A wave begins with the drift phase, which is characterized
by a progressive decrease in MAP. The plateau phase follows as hypotension decreases the CPP, stimulating autoregulatory cerebral vasodilation and resulting in an increase in
cerebral blood volume and ICP. The ischemic phase ensues
when progressive cerebral hypertension produces brainstem
ischemia and activates the Cushing's response to increase
both MAP then CPP. The resolution phase terminates the A
wave when cerebral perfusion improves, decreasing cerebral
vasodilation, cerebral blood volume, and ICP. In summary,
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plateau waves are observed in patients with preserved cerebral autoregulation but reduced pressure-volume compensatory reserve. 57
A waves are clinically significant, reliably signaling
reduced intracranial compliance. The more square the shape
of the wave, the greater the reduction in intracranial
compliance. A waves are associated with impaired CBF.
Patients with cerebral hypertension die of diminished
cerebral perfusion during plateau waves. A waves may be
accompanied by transient neurologic deficits, for example,
pupil dilation, headache, and vegetative responses, which
include sweating, flushing, and bradycardia.
B waves are sharp rhythmic increases in ICP to 50 mmHg
lasting 30 seconds to 2 minutes. B waves may precede A
waves, indicating a progressive loss of cerebral compliance.
B waves may occur before a seizure; during headache,
posturing, or isometric movement; or accompany respiratory compromise and decreased level of consciousness.
C waves are normal rhythmic rcp fluctuations associated
with respirations. They are considered benign but may
indicate an increase in venous pressure or a decrease in
venous outflow.
Monitoring ICP trends allows a proactive management of
cerebral hypertension. Anticipating care by using an individualized protocol to decrease ICP may prevent secondary
neuronal injury. Pressure waves greater than 20 mmHg and
lasting for more than a few minutes, especially if associated
with a change in neurologic status or the inability to
maintain CPP greater than 50 mmHg or ICP less than 15
mmHg, require immediate intervention. Occult seizure
activity should be considered a potential problem when
increased ICP is unresponsive to standard management.

Nursing Implications
Priorities for nursing care of patients who require rcp
monitoring include (I) keeping the ICP monitoring system
intact and operational, (2) ensuring the accuracy of the data,
and (3) limiting iatrogenic injury. Both rcp and CPP are
constantly assessed throughout any intervention to evaluate
the patient's response to therapy. Trends in patient tolerance
of care are noted over ti me.
The accuracy of data obtained from ICP monitoring is
assessed from waveform analysis. Good-quality tracings
correspond with good measurements, unless the transducer
is leveled inaccurately when using fluid-coupled systems.
As with hemodynamic monitoring transducers, I inch out of
position will produce a 2-mmHg deviation in measurement,
higher readings with the transducer too low, or lower
readings with the transducer is too high. ICP measurements
should always correlate with the neurologic examination
and reflect clinical interventions.
Because the cranium is compartmentalized, Weaver,
Winn, and Jane S8 found significant differences in ICP
measurements (using a fluid-coupled subarachnoid bolt)
between the ipsilateral and contralateral side of a focal
supratentorial lesion. They recommend that supratentorial
subarachnoid pressure be measured ipsilateral to the site of
the focal lesion. Pressure increases in nonpathogenic
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compartments occur only after herniation. Note that with the
fiberoptic system, intraparenchymal pressures more accurately reflect ipsilateral and contralateral pressures. 59 lVCs
and bolts measure supratentorial pressure. Patients with a
posterior fossa mass or infratentorial lesion must be
observed carefully for the development of respiratory and
cardiovascular distress even when normal or low supratentorial ICP is present.
When calculating CPP, controversy exists over where it
is best to reference fluid-coupled transducers. The basis of
the controversy is that two different reference points are
created when the head of the bed is elevated in a patient with
a ventriculostomy referenced at the lateral ventricle and
arterial line referenced at the right atrium. In this scenario,
ICP may be underestimated, and CPP may be overestimated.
Some try to remedy this problem by referencing both
transducers at either the head or the heart. Whichever
method is used, it is imperative that it be used consistently
to allow CPP trending over time.
Currently, there is lack of nursing research to guide
clinical practice in the care of patients with ICP devices.
Protocols usually reflect central line protocols. It seems
reasonable that ICP devices function under different principles because they exist within a system protected by the
blood-brain barrier. This natural barrier limits high antibiotic and immunoglobulin concentration, so theoretically,
risk of infection may be increased.
Until nursing research is available, some recommendations can be made. Site care includes use of an occlusive dry
sterile dressing. Dressings are changed every 72 hours to
inspect the insertion site for signs and symptoms of infection
and CSF leakage.
Even though fluid-coupled ICP monitoring is being used
less often, infection control practices must be enforced.
'Currently, no data suggest that ICP monitor tubing should be
changed with the same frequency as arterial and venous
pressure lines. 60 Strict aseptic technique is used whenever
the system is opened. Before insertion, the monitoring
system is prepared in a nontraveled area while masks and
gloves are worn. All systems should be maintained as closed
systems and left intact unless contaminated.

MONITORING CEREBRAL FUNCTION
Neurophysiologic studies are an important component of the
diagnostic evaluation in the infant and child with suspected
neurologic dysfunction. Although ICP monitoring provides
information about the neurologic environment, EEG and
evoked potential monitoring provide information about
actual neurologic functioning. The goal of continuous
neurologic monitoring is to detect a decline in a patient's
condition before physical signs and symptoms present. This
approach is particularly critical in patients in which the
physical examination has been eliminated; for example,
chemically induced paralysis to control ventilation.

Continuous EEG Monitoring
Continuous bedside EEG monitoring provides information
about the spontaneous electrical activity produced by the

outer 20% or 6-mm surface of cerebral cortex located near
the electrodes. The EEG does not provide information on
white matter or brainstem function. It is useful for detecting
status epilepticus, nonconvulsive seizures, metabolic disorders, intracerebral tumors, and coma. It is also used to
monitor patients who may experience a decline in CBF or
other ischemic events.
EEG monitoring is used most often in the pediatric
intensive care unit (PICU) for identification of seizure
activity (Fig. 10-25, A). Undetected and untreated seizure
activity can result in neuronal death. 61 Continuous EEG
monitoring is also essential when managing therapeutic
barbiturate coma 62 •63 Barbiturate coma is used to suppress
CMR and requirements. The goal of barbiturate coma is
burst suppression---electrical activity progressing to an
isoelectric line, then resumption of electrical activity (see
Fig. 10-25, B). Length of burst suppression depends on drug
levels; the higher the level, the longer the isoelectric line.
When barbiturate coma is used to manage intractable
seizures, abnormal cerebral electrical activity is suppressed
completely to permit the return of normal activity.64 If
inadequate barbiturate doses are used, the therapeutic
benefit may not be realized; whereas if excessive doses are
used, cardiovascular instability may result.
EEG monitoring also permits indirect visualization of the
effects of compromised CBF associated with significant
episodes of cerebral hypertension. When CBF is compromised, normal EEG rhythms are reduced in both amplitude
and frequency.6s An isoelectric EEG results when CBF is
less than 12 to 15 millOO g/min (see Fig. 12-25, C).""
EEGs also provide a prognostic tool to predict return of
cognitive function after an hypoxic-ischemic injury. Poor
neurologic outcomes have been correlated with slower
frequencies, amplitude suppression, and a static EEG
frequency spectrum over time. 67 In the absence of barbiturates, burst suppression is an ominous finding after a major
hypoxic-ischemic injury to the brain 6H Although not absolute in drug overdose or hypothermia, cerebral silence (as
evidenced by an isoelectric EEG) has been used as a
criterion for confirming brain death. EEG activity may
persist in some patients with cortical necrosis; survival is
possible because EEGs do not assess brainstem activity.
Waveform Analysis. EEG waveforms are described
in terms of frequency, amplitude, velocity, distribution,
regularity, and specific pattern (Table 10-11). The EEG
traditionally records voltage over time from 16 channels.
Waveform frequency is described in hertz (Hz) or cycles per
second. Waveform amplitude, measured from peak to peak,
is described in microvolts (~V). Waveform velocity describes the rate of climb and descent of waves; for example,
a spike has a duration less than 80 milliseconds (ms),
whereas a sharp wave has a longer duration.
As noted in Table 10-11, waveforms correlate with
level of consciousness and range from high frequency-low
amplitude to low frequency-high amplitude. Background
alpha activity is regulated by brainstem neurons known as
"pacemaker" cells. Right and left hemispheric symmetry
is analyzed by assessing lead pairs clustered down the
EEGpage.
EEG interpretation is complex, especially in the pediatric
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Fig. 10-25

A, Seizure activity. (Courtesy MAQ Curley.)

population, where individual maturational factors complicate EEG interpretation. For example, in the newborn,
cortical activity is irregular in frequency and incidence.
Asymmetry and asynchrony may be normal throughout
infancy. Alpha rhythms are slow to develop and may not
reach adult range until 10 to 12 years of age. 66
Seizure activity begins with a change in background
activity, followed by generalized low-voltage fast activity,
which increases in amplitude and slows in frequency. This
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pattern progresses to generalized polyspikes and wave
patterns from I to 4 HZ 69 Different seizure classes generate
specific spike and wave patterns. As expected, focal seizures
are asymmetric. Focal seizures with secondary generalization can be identified and tracked on the EEG. Postictal
activity can be identified as diffuse depression of background activity.
EEG analysis depends on pattern recognition placed in
the context of the patient's changing clinical picture.
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Fig. 10-25. cont'd B, Burst suppression: electrical actIvIty progressing to an isoelectric line, then
COl/til/lled
resumption of electrical activity. (Courtesy MAQ Curley.)

Accurate interpretation requires years of experience and
analysis of enormous amounts of data.
Two-lead bipolar (pairs) systems can screen for seizure
activity (Fig. 10-26). These single-channel systems use five
electrodes: two placed over each mastoid process, two
placed over each temporal area, and one ground electrode
placed over the middle of the forehead. Esposito and
Westgate 70 describe using the Siemens EEG cassette in a

PICU setting. This system reflects EEG activity only within
close proximity of the electrode pairs, one set at a time.
Computerized EEG Recordings. Computerized
EEG (CEEG) recordings are useful for continuous monitoring in the critical care setting. They facilitate recognition of neurologic alterations before the development of
clinical signs. A variety of CEEG devices and monitoring techniques are available in graphic form for use at
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Fig. 10-25, cont'd

C, lsoelectric EEG. (Courtesy MAQ Curley.)

the bedside. The common feature among them is their
7I
ability to compress hours of data into useful graphics.
Used only as a trending device. processed EEG recordings
do not replace the need for periodic l6-channel EEG
assessment.

First-generation processed EEG monitors include the
Cerebral Function Monitor (CFM; Criticon Inc., Tampa,
Fla.). This system is a single-channel, single-lead bipolar
trend recording of EEG amplitude and variability. Three
electrodes are used: one placed over each parietal area and
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EEG Waveforms
Frequency
(Cycle/sec)

Amplitude
(Peak-Peak)

Area

State

13-30Hz

10-20 ~V
Intermittent

Frontal and
central

Awake
Eyes open

8-13Hz

Infant: 20 ~V
Child: 75 ~V
Adult: 50~V

Dominant
rhythm
of occipital and
parietal

4-7Hz

Child: 50 ~V
Adult: 10~V

Temporal
or central area
in children to
age 3

Drowsiness
Encephalopathies

Frontal

4th-stage
sleep-<:oma
Structural lesions
Normal in young
children

1-4Hz

100 ~V

one ground electrode placed over the frontal area. The lower
printout records amplitude: 0 to 10 !lV, then 10 to 100 1lY.
The upper printout records frequency: top, 0 Hz, and
bottom, 16 Hz. The paper speed condenses about 2 minutes
of EEG activity into a I-cm tracing. Two characteristics are
assessed: the overall amplitude, reflecting the average of
cortical activity, and the width, reflecting the degree of
variability in cortical activity. High, wide tracings indicate
high EEG voltages with considerable variability in peakpeak amplitude. Conversely, a low, narrow tracing results
from low voltage with little variability in amplitude. The
limitation of this system is that it cannot assess regional
activity because only two leads are used.
The CFM is helpful in the PICU to assess EEG trends
and identify classic EEG patterns. 72 For example, episodic
high-voltage activity suggests the presence of seizure
activity. Progressive increase in EEG amplitude correlates
with improved neurologic outcome following a hypoxicischemic event; the opposite is associated with a poor neurologic outcome. Presence of EEG activity during periods of
increased ICP suggests that adequate CPP is maintained. 65
Finally, a "comb" pattern indicates burst suppression. 73
Another first-generation processed EEG recorder is
compressed spectral array (CSA). Here, raw EEG data are
rearranged from voltages versus time to amplitude versus
frequency during a sampling period (Fig. 10-27). Frequency
is on the horizontal axis with delta waves on the left and beta
waves on the right. The power spectrum is then plotted and
stacked vertically into a three-dimensional representation
for trend analysis.
Because CSA compresses a significant amount of data,
critical events may be smoothed together, including, for
example, burst suppression and seizure activity. Like the
CFM, CSA is helpful in the assessment of EEG trends and
identification of classic patterns. CSA is particularly helpful

Waveform

Awake
Eyes closed

in the prediction of outcome from coma. A fluctuating
frequency spectrum carries a more favorable prognosis than
an invariable type.74
Aperiodic analysis, Lifescan (Neurometrics, Inc., San
Diego, Calif.), is considered a second-generation processed
EEG recorder. Aperiodic analysis assesses each wave
vector and displays it in a three-dimensional glass box. Two
sets of leads are used; the negative electrode is placed
behind the ears; the positive electrode, in the frontal area;
and ground electrode, in the center of the forehead.
Frequency bands are positioned from left to right: 0.5 Hz
to the left and 30 Hz to the right. To enhance visualization,
waves are color coded; beta waves are yellow, alpha waves
are green, subalpha are magenta, theta are light blue, and
delta waves are dark blue. Waveform amplitude is approximated by vector height. Time is expressed on the
diagonal. The activity edge, a white line on the top of the
each box, trends changes in both frequency and amplitude
over time (Fig. 10-28).
The acronym SAFE can be used to systematically assess
the Lifescan recording. S represents symmetry between the
left and right cerebral hemispheres, A represents vector
amplitude, F represents vector frequency, and E represents
acti vity edge. Vector height should vary over time and from
one frequency to another. Vector distribution should also
vary over time. The activity edge should reflect symmetry
between the left and right hemisphere and vary symmetrically over time.
Narcotics produce a gradual shift of the activity edge to
the left, reflecting an increase in delta activity. Cerebral
ischemia also produces a left shift of the activity edge, with
a reduction in amplitude at all frequencies. Unilateral
ischemia produces an asymmetric shift to the left, whereas
bilateral ischemia produces a symmetric shift to the
left. Burst suppression decreases alpha/beta activity and

Chapter 10

Intracranial Dynamics

.CASE 1·

Fig.10-26 Two-lead bipolar (pairs) systems. (From Esposito N, Westgate P: Continuous EEG monitoring
in the PICU, J Pediatr Nurs 2:272-277, 1987.)
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Fig. 10-27 A to D, Cerebral function monitor. C, Compressed spectral array (CSA) of raw EEG display
shown in A. CSA represents a 2-second update rate with a frequency band of 0.5 to 30 Hz. D presents CSA
of raw EEG display shown in B. At the onset of an electrographic seizure, CSA increases in frequency as
the spike and wave activity occurs.

increases delta/theta activity. The activity edge shifts far to
the left and then back to the right. Alterations in temperature
produce high or low activity at all levels; the edge shifts
bilaterally to the right or left.

Evoked Potential Monitoring
Evoked potential (EP) monitoring provides a computerized
summation of the electrical potentials produced by specific
neural pathways in response to an external stimulus. EP
monitoring is useful because the nerve pathways tested are
less sensitive to drug effects. In addition, the waveforms
correlate to the anatomy of the sensory tracts. EP monitoring
offers the possibility of assessing structures not seen with
EEG (Fig. 10-29).
Each EP is a series of waves plotted as voltage versus
time. The amplitude (voltage) and latencies (time) reflect
conduction and processing of sensory information through
the CNS. The EP is assessed for changes in the presence and
absence of waves, individual latencies, interwave latencies,
and relative amplitudes. Again, maturational factors are
important because development affects interwave latencies
in children less than 2 years of age. 75
Loss of transmission or slowed conduction (increased
latency) indicates functional injury related to cerebral
hypoxia, compression, or other factors that affect cerebral
metabolism. Decreased amplitudes are related to decreased
CBF. Loss of transmission after a particular wave identifies
the specific level of dysfunction (Table 10-12).

The three EP modes are visual, somatosensory, and
auditory. Multimodal EPs (MEPs) assess several different
tracts to provide specific information regarding various
components of the CNS.
Generated by a flashing light, visual evoked potentials
(VEPs) assess the integrity of the retinal-occipital pathway.
York and associates 76 found that increases in ICP secondary
to either cerebral edema or hydrocephalus produced characteristic alteration in VEPs (increased latency of wave N2 )
through compression of intercerebral visual pathways. The
relationship establishes a reliable noninvasive method of
estimating lCP. 77
Somatosensory evoked potentials (SEPs) assess the
integrity of the sensory pathways from the peripheral nerve
to the sensory cortex from either the median nerve in the
wrist or the posterior tibial nerve in the ankle to the cerebral
hemispheres. SEP is useful in identifying the level of spinal
cord injury. An absent waveform below the region of spinal
injury indicates a complete injury, whereas the presence of
the wave indicates an incomplete lesion. Presence or return
of SEPs often precedes clinical improvement and offers a
favorable prognosis.
Brainstem auditory evoked responses (BAERs) are
often used in monitoring the critically ill patient. BAERs
measure the change in EP in the auditory pathways to the
brainstem in response to a noise (click). Electrodes are
placed on top of the head and in the external auditory meatus. After ensuring patency of the auditory canal and an
intact tympanic membrane, repeated clicks are delivered
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D

Lifescan Brain Activity Monitor. A, Normal display. B, Seizure activity. C, Barbiturate coma.
Burst suppression. E, Bilateral ischemic event. (Courtesy Diatek Neurometrics, San Diego, Calif.)

Fig. 10-28

n,

through an earpiece at about 10 Hz while "white noise"
masks stimulation to the other ear. Click intensity is increased about 60 decibels above minimal hearing threshold.
The signal is amplified 50,000 times, and averaging is performed over a lO-ms sweep after each click. Usually, over
2000 clicks are averaged.
The time measured from peak to peak, known as the
interpeak latency, is unaffected by changes in the intensity
of the stimulus and peripheral hearing apparatus. Normal
BAERs suggest the absence of lesions when toxic or
metabolic comas or a diffuse cortical process is present.
BAERs are unaffected by barbiturates, so they are useful to
monitor brainstem integrity during therapeutic coma. If

BAERs are normal in the comatose patient, nursing care can
be planned to provide appropriate auditory stimulation.
Decreasing amplitude or increased latency of wave Y
indicates brainstem compression secondary to increased
ICP. Loss of wave Y indicates severe brainstem dysfunction
and suggests central herniation. In brain death, BAERs are
not conducted past wave I. Brain death may also include
wave I, but the integrity of the peripheral auditory apparatus
cannot be validated.
MEPs combine the use of several EPs for localization of
defects and prognostic evaluation. 78 With brainstem dysfunction, SEPs and BAERs are abnormal, whereas YEPs are
normal. With hemispheric dysfunction, YEPs and BAER
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LATERAL GENICULATE
BOOY

VISUAL PATHWAY
(toIQIlDCA!

c'" l'UCT)

Fig. 10·30 Schematic view of sensory pathways involved in the
generation of multimodality evoked potentials. Sensory input
generating somatosensory and auditory evoked potentials traverses
more caudal regions of the brainstem than does sensory input for
visual evoked potentials. (From J Neurosurg, vol 56, Jan 1982.)

Fig. 10-29 Brainstem auditory evoked potentials (BAEPs). Neural generations of the BAEPs. It is most likely that each wave has
components arising from different generators that include brainstem nuclei and white matter tracts. 1 to Vll. waveforms. (From
Wiznitzer M: In Blumer JL. ed: A practical guide 10 pediatric
intellsive care, St Louis, 1990, Mosby.)

It) Evoked10·12Potentials
Brainstem Auditory
.

EP limitations are present when ocular, auditory, or
peripheral nerve disease is present. Also, EPs test only
specific nerve tracts. The frontal lobes, cerebellum, and
cognitive function are not tested.
Computerized processing of multilead EEG and EP
allows total brain mapping. Moment-to-moment variations
in the brain's spontaneous or evoked electrical activity are
displayed on a computer monitor in the form of multicolored
maps. Different colors and color shades are used to indicate
the magnitude of positive and negative EEG voltages
simultaneously measured from various scalp locations.
Mapping techniques can be useful in identifying functional
abnormalities not distinguished by anatomic or metabolic
studies.

TABLE

jb
!!1,wave
~i--

Location

Level of Pathway

Acoustic nerve (CN VIII)
Cochlear nuclei
Superior olivary complex
Lateral lemniscus
Inferior colliculus
Medial geniculate
Auditory radiations

Peripheral receptor
Medulla
Pons
Mid to upper pons
Midbrain
Thalamus
Thalamocortical

and SEP cortical EPs are abnormal, but BAER and SEP
subcortical EPs are normal (Fig. 10-30). If all EPs are
dysfunctional, global dysfunction is probably present.
As a prognostic indicator in coma, 80% of patients with
mild abnormalities in MEP awaken within 30 days, and 90%
of patients with mild EP abnormalities at 14 days make a
good neurologic recovery. oS Goodwin, Friedman, and Bellefieur 79 studied BAERs and SEPs in 41 children ranging in
age from 6 weeks to 18 years. When assessing survivor
outcome, determined both at discharge and by follow-up
examination conducted I to 3 years later, no false pessimistic predictions had been made, and only two were falsely
optimistic.

NEURODIAGNOSTIC STUDIES
Under nonemergent circumstances, patient and family
preparation precedes all procedures. Nursing responsibility
includes augmenting the primary information provided by
the attending physician. Specific concerns that are often
addressed by nurses include how the procedure is performed. what the expectations of the patient will be during
the procedure, what the patient will experience during the
procedure, the anticipated response of the patient to the
procedure, and how the parents might help the patient
through the procedure.
A lumbar puncture involves the insertion of a spinal
needle into the su barachnoid space for the purposes of
measuring spinal fiuid pressure and obtaining CSF for
laboratory analysis (see Table 10-2 for normal CSF characteristics). During the procedure, the nurse continuously
monitors the patient while helping the patient maintain a
side-lying position with hips and neck flexed. Under local
anesthesia, the spinal needle is inserted into the L3-4 or
L4-5 vertebral interspace. A manometer is used to measure
opening and closing spinal pressures. CSF samples are
collected in tubes to allow visualization and laboratory
analysis. Usually, CSF cell count and Gram stain are
obtained first, followed by CSF chemistries and then CSF
culture.
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A lumbar puncture should not be performed in patients at
high risk for bleeding or in those with increased ICP. In
patients with increased ICP, withdrawing CSF from the
spinal compartment may create a significant pressure
differential between the cerebral and spinal compartments.
This disequilibrium results in further compression and
herniation of thalamus and midbrain through the tentorial
notch and may eventually cause infarction of these structures. Consequently, the fundi are checked for papilledema
before performing a lumbar puncture 63
CBF measurements are very important when monitoring the balance between cerebral oxygen supply and
demand, especially when autoregulation is lost. Modifications of the Fick principle (the uptake of a substance by an
organ is equal to the amount of the substance that enters it
minus the amount that leaves it) can be used to approximate
the CMR. Cross-brain concentration gradients of glucose
(CMRlglu), lactate (CMRL), and oxygen (CMR0 2 ) have
been used. For example, the CMR0 2 is equal to the CBF
multiplied by the difference between the cerebral arterial
and venous oxygen difference (avD02 ).
Normally, CBF matches the CMR0 2 . When autoregulation is intact, changes in the CMR0 2 will be matched by
reciprocal changes in CBF, and cerebral avD0 2 will remain
constant. The CMR02 and CBF are often modulated by
alterations in temperature, seizure activity, and certain
medications-for example, narcotics, sedatives, and analgesics. When autoregulation is lost, changes in CMR02 do not
produce reciprocal alterations in CBF, and the avD02 can
serve as an indicator of the adequacy of CBF. 80
Although cerebral arterial blood can be sampled from
any artery, cerebral venous blood should not be contaminated by extracerebral blood. To accomplish this, Goetting
and Preston 81 described a method of percutaneous cannulation of the jugular venous bulb by retrograde advancement
of a catheter placed into the jugular vein (Fig. 10-31).
Oximetric catheters placed in the jugular venous bulb
have been used to continuously monitor cerebral venous
saturation. The ratio of CMR0 2 to CBF can be expressed as
the cerebral extraction of oxygen (CE0 2), which is the
difference between arterial saturation (Sa0 2 ) and jugular
bulb saturation (Sj02).80,82 The CE02 can serve as a
continuous trend monitor of cerebral oxygen supply and
demand, Increased CE0 2 indicates either decreased extraction or increased delivery. Decreased CE0 2 indicates either
increased extraction or decreased delivery,
Similar to pulse oximetry, cerebral oxygen saturation can
be noninvasively evaluated with near infrared spectroscopy (NIRS) examination of cytochrome c oxidase and
hemoglobin (INVOS 3100; Somanetics, Troy, Ny),83 Infrared light (650-1100 nm) can penetrate extracerebral tissue
and return with valuable information about the attenuation
of that light. Intracerebral cells capable of attenuating light
include oxyhemoglobin, deoxyhemoglobin, and oxidized
cytochrome c oxidase, all of which are important in oxygen
delivery,
Inhalation or injection of xenon-I 33, a radioisotope, is
also used to assess CBF. 33Xe study is based on the
principle that the rate of uptake of an inert diffusible gas is
J
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Fig. 10-31 Jugular venous bulb SVo 2 monitoring. Skull x-ray
demonstrating proper catheter tip position. Arrow indicates jugular
bulb (From Goetting MG, Preston G: Jugular bulb catheterization:
experience with 123 patients. Crit Care Med. 18: 1220-1223, 1990.
Copyright by Williams & Wilkins, 1990.)

dependent on blood flow. 68 This study can be accomplished
rapidly and provides useful information when cerebral
hypoperfusion associated with stroke, massive cerebral
hypertension, or brain death is suspected,
Cranial ultrasound uses sound waves to identify cranial
structures of different densities. In infants with open
fontanelles, serial cranial ultrasound can assist in accurate
identification of the ventricular system and is helpful in the
rapid identification and management of intraventricular
hemorrhage. Ultrasound technology has also been used to
monitor CBF by Doppler ultrasonography.84 The velocity
of CBF is measured by sound waves reflecting back from
moving red blood cells through the anterior cerebral artery.
After closure of the anterior fontanel, the circle of Willis is
insonated via the temporal bones. Direction of flow can also
be identified with color imaging. Although an isolated
number is of little significance, serial numbers are valuable
in trending the course of a patient.
Skull and spine x-rays are the most common radiologic
tests performed on the neurologic system. A variety of skull
and spine views are selected to identify fractures, abnormal
calcification, and tissue densities. Suture lines may appear
widened in the patient with cerebral hypertension. In the
multiple-trauma patient, spinal cord immobilization is
essential until spinal x-rays are read as negative by a
radiologist.
Computed tomography (CT) and magnetic resonance
imaging (MRI) have revolutionized neurodiagnostic imaging. These noninvasive studies provide clear visualization of
neuroanatomy. CT differentiates tissues by x-ray density.
Areas of low density (air) appear dark, and areas of high
density (bone) appear white. CT with contrast is used to
enhance visualization of blood vessels, well-vascularized
lesions, and localized alteration in the blood-brain barrier.
The use of contrast media is contraindicated in patients with
acute renal failure and in those with a positive history of
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allergy to contrast media. CT scan uses about the same
amount of radiation as a standard skull series.
The MRI image is formed by the tissue-specific realignment of protons when short radio frequencies are applied
from a strong external magnetic field to move them out of
uniform alignment. When moved, the atoms resonate and
emit signals based on nuclear density and realignment time.
The signals are tracked on an image revealed on a
high-resolution screen.
CT scans are selected when global neuroanatomic
information is needed, for example, ventricular size, shift,
and distortion of brain tissue in the patient with cerebral
hypertension. MRI delineates between tissue structure (e.g.,
white and gray matter differentiation); thus MRI can be
helpful in evaluating brain tumors, especially when located in the posterior fossa, where x-ray artifact from
adjacent bone obstructs the CT view. Because personnel and
metal objects cannot be in immediate proximity to the
patient during MRI, its use in critical care is extremely
limited.
Transporting the critically ill patient to radiology for either CT or MRI places the patient in an extremely vulnerable position. Transport requires forethought and teamwork,
and planning for potential emergencies is key. Patients and
personnel with implanted magnetic devices should not be
near an MRI because the magnetic field may dislodge or
interfere with the function of the device. Expecting infants
and young children to cooperate by holding still during the
examination, especially during the loud knocking MRI
sounds, is unrealistic. Sedation in this age group is often
used to accomplish both CT scan and MRI.
During cerebral angiography, radiopaque contrast medium is injected into the carotid artery, and sequential skull
x-rays films are taken to track medium flow throughout the

cerebral vasculature, Cerebral angiography is used to
delineate arteriovenous malformations or to assess the
circulation to a brain tumor. Common to any angiographic
procedure is a potential for arterial spasm, embolism, and
thrombosis, Allergic reaction to the contrast medium may
occur. Hematoma formation at the injection site is another
potential risk. Patients may report a burning or warm
sensation for about 20 to 30 seconds when the medium is
injected.
Positron emission tomography (PET) scans provide information regarding cerebral metabolic function. Positronemitting isotopes, which readily cross the blood-brain
barrier, are either inhaled or injected, When the positrons
(positive electron charge) come in contact with electrons
(negative electron charge), gamma rays are released. The
intensity of the gamma rays is then measured by a
computerized detector that creates an image indicating the
pattern of metabolic activity, The half-life of the nuclides is
extremely short, so there is no risk of radiation exposure to
either patients or caregivers. Although use in critical care is
limited, PET scanning has been found to be valuable in
locating epileptic foci in infants and young children before
excision.

SUMMARY
In summary, care of the patient at risk for neurologic
compromise is inherent to the practice of critical care
nursing. The astute neurologic examination, repeated at
frequent intervals by an expert clinician, is the most reliable
monitor of neurologic functioning. When neurophysiologic
monitoring and studies are used in combination with history
and physical examination, the diagnostic process is complete, and clinical judgment is optimized.
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